Lecture Notes in Computer Science

Commenced Publication in 1973
Founding and Former Series Editors:
Gerhard Goos, Juris Hartmanis, and Jan van Leeuwen

Editorial Board

David Hutchison
Lancaster University, UK

Takeo Kanade
Carnegie Mellon University, Pittsburgh, PA, USA

Josef Kittler
University of Surrey, Guildford, UK

Jon M. Kleinberg
Cornell University, Ithaca, NY, USA

Friedemann Mattern
ETH Zurich, Switzerland

John C. Mitchell
Stanford University, CA, USA

Moni Naor
Weizmann Institute of Science, Rehovot, Israel

Oscar Nierstrasz

University of Bern, Switzerland
C. Pandu Rangan

Indian Institute of Technology, Madras, India
Bernhard Steffen

University of Dortmund, Germany
Madhu Sudan

Massachusetts Institute of Technology, MA, USA
Demetri Terzopoulos

University of California, Los Angeles, CA, USA
Doug Tygar

University of California, Berkeley, CA, USA
Moshe Y. Vardi

Rice University, Houston, TX, USA
Gerhard Weikum

Max-Planck Institute of Computer Science, Saarbruecken, Germany

4470



Qing Wang Dietmar Pfahl
David M. Raffo (Eds.)

Software Process
Dynamics and Agility

International Conference on Software Process, ICSP 2007
Minneapolis, MN, USA, May 19-20, 2007
Proceedings

@ Springer



Volume Editors

Qing Wang

Chinese Academy of Science, Institute of Software

No. 4 South Fourth Street, Zhong Guan Cun, Beijing 100080,China
E-mail: wq@itechs.iscas.ac.cn

Dietmar Pfahl

University of Calgary, Schulich School of Engineering
Department of Computer Science & Electrical Engineering
2500 University Drive N.W., Calgary, Alberta T2N 1N4, Canada
E-mail: dpfahl @ucalgary.ca

David M. Raffo

Portland State University, School of Business Administration
P.O. Box 8491, Portland, OR 97207, USA

E-mail: raffod @pdx.edu

Library of Congress Control Number: 2007925873

CR Subject Classification (1998): D.2, K.6.3, K.6, K.4.3,J.1
LNCS Sublibrary: SL 2 — Programming and Software Engineering

ISSN 0302-9743
ISBN-10 3-540-72425-7 Springer Berlin Heidelberg New York
ISBN-13 978-3-540-72425-4 Springer Berlin Heidelberg New York

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, re-use of illustrations, recitation, broadcasting,
reproduction on microfilms or in any other way, and storage in data banks. Duplication of this publication
or parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965,
in its current version, and permission for use must always be obtained from Springer. Violations are liable
to prosecution under the German Copyright Law.

Springer is a part of Springer Science+Business Media
springer.com

© Springer-Verlag Berlin Heidelberg 2007
Printed in Germany

Typesetting: Camera-ready by author, data conversion by Scientific Publishing Services, Chennai, India
Printed on acid-free paper SPIN: 12062041 06/3180 543210



Preface

This volume contains papers presented at the International Conference on Software
Process (ICSP 2007) held in Minneapolis, USA, May 19-20, 2007. ICSP 2007 com-
prised two successful series of process-related workshops, the International Workshop
on Software Process Simulation and Modeling (ProSim) and the Software Process
Workshop (SPW).

The theme of ICSP 2007 was “Coping with Software Process Dynamics and Agil-
ity.” Software developers work in a dynamic context of frequently changing tech-
nologies and limited resources. Globally distributed development teams are under
ever-increasing pressure to deliver their products more quickly and with higher levels
of quality. At the same time, global competition is forcing software development
organizations to cut costs by rationalizing processes, outsourcing part or all of their
activities, reusing existing software in new or modified applications and evolving
existing systems to meet new needs, while still minimizing the risk of projects failing
to deliver. To address these difficulties, new or modified processes are emerging,
including agile methods and plan-based product line development. Open source,
COTS and community-developed software are becoming more popular. Outsourcing
coupled with 24/7 development demand well-defined processes to support the co-
ordination of organizationally and geographically separated teams.

The increasing challenges faced by the software industry combine to increase de-
mands on software processes.

ICSP 2007 was a continuation of two successful series of process-related work-
shops, ProSim (Software Process Simulation and Modeling Workshop) and SPW
(Software Process Workshop). SPW and ProSim were conducted jointly for the first
time in 2006 as a co-located event to ICSE 2006. ICSP 2007 continued a long tradi-
tion of software process research, positioning itself as the new leading-edge event for
systems and software process research.

In response to the call for papers, 98 submissions were received from 14 different
countries and regions: Australia, Brazil, Canada, China, France, Germany, Japan,
Korea, The Netherlands, Pakistan, Spain, UK, USA, and Turkey. Every paper was
rigorously reviewed and held to very high quality standards, and finally 28 papers
were accepted as regular papers for presentation at the conference.

The papers were clustered around topics and presented in five regular sessions,
each consisting of two threads. Topics included Process Content, Process Tools and
Metrics, Process Management, Process Representation, Analysis and Modeling, Ex-
perience Report, and Simulation Modeling.

Highlights of the ICSP2007 program were two keynote speeches, delivered by
Larry E. Druffel (President and CEO, SCRA, USA) and Merwan Mehta (Department
of Technology Systems, East Carolina University, USA).

A conference such as this can only succeed as a team effort. All of this work would
not have been possible without the dedication and professional work of many col-
leagues. We wish to express our gratitude to all contributors for submitting papers.
Their work formed the basis for the success of the conference. We would also like to
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thank the Program Committee members and reviewers because their work guaranteed
the high quality of the workshop. Particular thanks also go to the keynote speakers for
giving their excellent presentations at the conference. Finally, we would also like to
thank the members of the Steering Committee, Barry Boehm, Mingshu Li, Leon
Osterweil and Wilhelm Schifer, for their advice, encouragement and support.

We wish to express our thanks to the organizers for their hard work. The confer-
ence was sponsored by the International Software Process Association (ISPA) and the
Institute of Software, the Chinese Academy of Sciences (ISCAS) and the ISCAS
Laboratory for Internet Software Technologies. We also wish to thank the 29th Inter-
national Conference on Software Engineering (ICSE 2007) for sponsoring this meet-
ing as an ICSE Co-located Event. Finally, we acknowledge the editorial support from
Springer for the publication of this volume.

For further information, please visit our Web site at http://www.icsp-
conferences.org/icsp2007.

March 2007 David M. Raffo
Qing Wang
Dietmar Pfahl
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Extending Microsoft Team Foundation Server
Architecture to Support Collaborative Product Patterns

Fuensanta Medina-Dominguez, Maria-Isabel Sanchez-Segura, Antonio Amescua,
and Javier Garcia

Computer Science Department, Carlos III Technical University of Madrid
Avda. Universidad, 30, Leganes 28911, Madrid, Spain
{fmedina, misanche, amescua, jgarciag}@inf.uc3m.es

Abstract. This paper provides a practical solution, based on process reuse and
knowledge management techniques, to make software engineering theories
more accessible, easier, and cheaper for software development organizations to
implement. It shows how the PIBOK-PB architecture (Process improvement
based on knowledge-pattern based) and the extensions of a commercial product,
Microsoft solution Visual Studio Team System, are used to achieve this.

Keywords: Software Engineering, Process Management, Reuse, Patterns.

1 Introduction

Software engineering provides enough formalisms to guarantee the execution of a
software project. However, if we look at the data on software projects, we will
observe that, in 1995, on average, only around 20% of software projects were
completed on time and within the budget [1]. What happened to the remaining 80%?
These percentages have changed little since, and many projects still fail to comply
with the triple constraints of scope, time and cost [2]. Poor project management and
insufficient use of software engineering techniques are some of the reasons for this
non-compliance.

This data can help us to understand that although the theories in the software
engineering field are sufficiently matured and are widely known, it is the
implementation of software engineering best practices that helps organizations
improve their productivity, software quality, and reduce costs [3]. But it is very
difficult to implement them because these organizations must first know the theory,
and how to implement them successfully [4] [S] [6], which is not gathered in the
literature. Evidence also reveals that the implementation of software processes in
software development organizations is a complex and expensive process, mainly for
small and medium enterprises [7]. We have focused on bridging the gap between
theory and practice in software development processes and best practices to make
them accessible, and thus beneficial, for small and medium enterprises.

The experience of the American Federal Aviation Administration (FAA) indicates
that knowledge management combines positively with process improvement, benefits
the organization and the process improvement programmes [8]. Some papers, like the
one published in [9], suggest that technology, structure, culture, knowledge process

Q. Wang, D. Pfahl, and D.M. Raffo (Eds.): ICSP 2007, LNCS 4470, pp. 1111, 2007.
© Springer-Verlag Berlin Heidelberg 2007



2 F. Medina-Dominguez et al.

architecture of acquisition, conversion, application, and protection are essential
organizational capabilities or "preconditions" for effective knowledge management.

We believe that knowledge management can be applied to software engineering to
transform software engineering data and information, described as process models,
standards, methodologies, etc., to knowledge and innovation. This is possible once the
knowledge of experts on process model, standards, methodologies, etc., is elicited and
translated into a computable model. Therefore, a software system can make use of this
knowledge in order to reduce the cost of process definitions and hasten the maturity
of the processes.

Data and information must be encapsulated to allow their subsequent recovery and
reuse, and their evolution into knowledge. The artefact to encapsulate this knowledge
is the pattern concept. Patterns are an established and well-known format to capture
engineering knowledge [10], but the real power of patterns to enable knowledge
transfer for practical use is still under development due to the limited number of
approaches that endow patterns with practical implementation. The authors proposed
the product pattern concept as well as a model called PIBOK-PB to support process
improvement based on patterns [11]. In this paper, we describe the architecture that
supports the PIBOK-PB model as well as the Microsoft VSTS extensions to provide a
collaborative practical solution based on process reuse and knowledge management
techniques.

We have no evidence of research groups working on combining software
engineering, patterns, and knowledge management techniques supported by
collaborative working environments. The US Federal Aviation Administration (FAA)
and the SINTEF group (Foundation for Scientific and Industrial Research at the
Norwegian Institute of Technology) are currently working on process improvement
based on knowledge management, but their solutions are not supported by
collaborative working environments.

The remainder of this paper is structured as follows: section 2 describes PIBOK-
PB model architecture; section 3 explains the extensions done to Microsoft VSTS to
satisfy the PIBOK-PB architecture requirements; section 4 summarises related work
and finally section 5 presents the conclusions and future trends.

2 PIBOK-PB Architecture Description

The PIBOK-PB model (Process Improvement Based On Knowledge — Pattern Based
Model) [11] is a knowledge-based software process improvement model that would
allow the use of product patterns as the artefact to encapsulate the knowledge for use
in the development of activities and tasks of the process model chosen.

PIBOK-PB model [11] architecture is made up of four layers, see Fig. 1. These
layers are described below:

e Organization layer: this layer processes the data and characteristics of the
organization and their business processes. It is responsible for obtaining the
data of the organization, for example, the kind and size of the organization,
field of their business processes. In summary, this layer is responsible for
gathering data, provided by the project manager, related to the forces of the
organization.
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This layer supports the appropriate selection of process models,

methodologies, etc, for each organization and project, depending on their
features.
Project instantiation layer: this layer is responsible for obtaining information
related to the project to be developed, for example, the kind of the project, the
paradigm chosen to implement the project, the number of employees and their
roles in this specific project. These data establish the context and forces of the
project to be developed.

This layer allows the instantiation of process models, methodologies, etc.,

in a specific project, so it can be customized.
Patterns instantiation layer: this layer is responsible for the instantiation of the
product patterns that best fit the activities included in the process model template
selected. The product pattern is an artefact which contains the expert‘s
knowledge to obtain a specific software product. The product pattern concept
is described in more detail later.

This layer allows the recovery of knowledge to be reused in the specific

project under development.
Collaborative layer: this layer provides a collaborative platform which contributes
to the functionalities and advantages of collaborative environments. It also
provides collaborative functionalities when they are demanded by the roles
involved in the execution of a product pattern or when collaboration among
patterns is required.

PIBOK-PB

Organization Layer

Project Instantiation Layer

Pattern Instantiation Layer

Collaborative Layer

Developed and

Product Patterns Projects under
Repository execution
Repository

Fig. 1. PIBOK-PB model architecture

The four layers interact with two repositories:

A repository of product patterns.
A repository with the information of previously developed projects and
projects in progress.

The interactions among layers are described below:

The Organization and Project instantiation layers provide the context and
forces of the organization and project the patterns instantiation layer. Both
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layers store these data in the repository that contains the information on
developed and current projects. In this way, the patterns instantiation layer will
have enough information to execute the next rule, and find the potential
product patterns to be applied in the activity and/or tasks. Only the problem
field is necessary and this is obtained from the task or activity to be developed
in the process model. When all the data are ready, the patterns instantiation
layer can execute a rule similar to the following:

If you find yourself in this context
(and) with this problem
(and) entailing these forces
then
map a product pattern in your project
(and) look for more product patterns

The Collaborative layer interacts with the patterns instantiation layer to provide
the collaborative functionalities in order to develop the tasks and/or activities
through product patterns. The collaborative layer also provides the patterns
instantiation layer with the existing collaboration among product patterns.

In order to understand the above rule, the product pattern concept and its fields are
described in detail. Product patterns come from the Alexandrian patterns [12] and are
artefacts that gather the knowledge of software engineering experts to obtain a specific
software product. Product is defined as anything produced during the whole software
development process (for example, Effort and Duration Estimation Using COCOMO 1I.
Available at: http://sel.inf.uc3m.es/C3/Journals/ProductPattern/ProductPattern.pdf. This
concept was presented in [11]. The fields of product pattern have since been extended
as follows:

Name: the name can be a word or short phrase related to the product pattern.
Related Pattern: static or dynamic relationships between this pattern and
others.
Initial Context: the pre-conditions under which the pattern is applicable - a
description of the initial state before the pattern is applied.
Result Context: state or configuration of the system after the pattern has been
applied. Describing the positive and negative effects.
Problem: description of the problem to be solved.
Forces: restrictions that are classified as follows:

o Kind of organization

o Kind of system to be developed

o Kind of client

o Rationale
Solution: static relationships and dynamic rules to describe how to achieve the
objective. The solution consists of:

o Process

o Development time

o Activities diagram

o Adjustment degree (very low, low, normal, high very high)
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e Roles: people or participants involved.
e Entries: previously obtained products necessary to develop this pattern:
o Name (text)
o Kind of information ( .doc, .xml...)
o Is software configuration management going to be applied? Yes/No
e Lessons Learned: documented experiences gathered while using this pattern:
o Name (text)
o Kind of information (.doc, .xml...)
o Hyperlink
e Templates: templates that can be used to obtain the exit of this pattern:
o Name (text)
o Kind of information (.doc, .xml...)
e Examples: one or more sample applications of the pattern
e  Exit: product obtained when the pattern is used:
o Name (text)
o Kind of information (.doc, .xml...)
o Is software configuration management going to be applied? Yes/No
e Collaboration: collaboration among product patterns or among roles during
the development of a product pattern.
e Capability Level: maturity level. This is useful when the product pattern
represents a product included in some software improvement approach:
o Name (text)
o Level (text)
¢ Information Resources: references and documentation (for example, books,
papers) used to develop this product.

3 Extending Microsoft VSTS to Support PIBOK-PB Architecture

In this section we explain the Microsoft VSTS extensions to satisfy the PIBOK-PB
architecture requirements.

The Visual Studio 2005 Team System (VSTS) is Microsoft’s proposal to maximize
the information technology work teams. VSTS provides a set of extensible,
productive and integrated tools, which facilitates communication and collaboration
among teams and individuals in a software organization during the project execution.

VSTS is based on Visual Studio 2005 Professional and is made up of Visual Studio
Team Edition and Visual Studio Team Foundation Server (TFS). Visual Studio 2005
Team Edition is the client and comprises Visual Studio Team Architect Edition,
Visual Studio Team Developer Edition, and Visual Studio Team Test Edition. Visual
Studio Team Foundation (TFS) corresponds to the server side of the application and
offers a set of collaborative capabilities that allow the project manager to coordinate
appropriately the project tasks. (VSTS architecture is shown in Fig. 2.)

VSTS architecture offers a development environment supported by collaborative
services. There are other IDEs (integrated development environments) that offer
similar features, but the authors of this paper selected VSTS because of its philosophy
on the use of development methodologies (by default; MSF for CMMI, MSF Agile).
This feature emphasizes the reuse of software process models and some of the
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Visual Studio Team System

Visual Studio Team Suite

 visualStudio | [ VisualStudic | [ Visual Studio |
Team Architect Team Developer Team Test
Edition Edition Edition
Application Dynamic Code Load
Modeling Analyzer Testing
touical [ stavic cos Manual
Infrastructure | S s
ot Teros
Deployment Code Test Case
Modeling Profiler Management
[ Unit Testing |
Process and il
Architecture { Code Coverage I Industry
Guidance Partners
[ Class Modeling |
IT :
[ Visio and UML Modeling ]
{ Team Foundation Client ]

Visual Studio Professional Edition |

5 M

Collaborative Platform
SQL Server

Fig. 2. Visual Studio Team System architecture (source [13])

techniques the proposed process models recommended through the integrated
development environment.

VSTS philosophy will allow the extensions required, which will be part of what we
call PIBOK-PB tool, to satisfy PIBOK-PB architecture requirements. In order to do so,
we had to implement the organizational projects instantiation and pattern instantiation
layers which are not supported by the VSTS. These layers are shaded in Fig. 3.

Next, we enumerate the main requirements of the PIBOK-PB architecture,
identifying how VSTS supports each requirement and the extension developed. These
extensions were developed in Visual Studio 2005 platform and the programming
language was C#.

Integrated Development
Environment (IDE)

PIBOK-PB

Organization Layer

Project Instantiation Layer

Pattern Instantiation Layer

Collaborative Layer

Developed and

Product Patterns Projects under
Repository execution
Repository

Fig. 3. Shaded layers added to the VSTS Architecture
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PIBOK-PB architecture requirements

1. to select the process model that best suits each project under development
according to the organization’s features.

a.

VSTS support: the tool provides a wizard that allows the selection
of just two process models templates (Agile, and CMMI).

VSTS extension (completed): we developed a wizard that answers
the questions related to the organization that is going to develop the
project, and the project itself. The system then selects the process
model template that best fits the project under development.
Therefore, templates are selected according to criteria instead of
randomly as VSTS currently does.

2. to generate an activities tree indicating the precedence among activities once
the process model has been selected, so that the project manager can decide
whether to delete and/or include new activities to be developed.

O

VSTS support: the tool provides a static view of the process model
template structure selected; no operation is allowed in this view.
VSTS extension (completed): we extended the tool to provide a
structure that represents the process model template showing the
precedence among activities. With this tree, these activities can be
executed. Insertion, modification and deletion of activities are
allowed.

3. to choose the product patterns that best fit the project activities for each
process model selected.

O

VSTS support: no information is provided to execute the activities
proposed in the selected process model template to date.

VSTS extension (completed): for each activity included in the
activities tree, the system provides the project manager with the
existing product patterns. The completed extension will allow the
project manager to select the product pattern that best fits each
activity. The tool is also endowed with the capability to do an
automatic matching among product patterns and activities. In order
to associate product patterns with activities, process model
templates and product patterns must be compatible.

4. to create an Active Electronic Process Guide for each Project, once the
process model, and the product patterns to be implemented, are selected.

This guide provides the information needed for each process under
development. The process is executed collaboratively when required.

O

VSTS support: the tool provides an Electronic process guide that is
only the web representation of the information included in the
process model template. The information is static; no operation is
allowed.
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o VSTS extension (completed): we developed an Active electronic
process guide which provides all the information the developer
needs to execute each activity on the spot. This information is
obtained from the product patterns instantiated for each activity.

4 Related Works

Currently, some organizations are customizing and extending VSTS [14]. We have
these describe these extensions below, identifying the enterprise involved as well as
the specific extensions they are focusing on.

Table 1 summarizes the main extensions under development in the field of test.

Table 1. Extensions under development in the field of test

Enterprise Extensions under development

AutomatedQA | This enterprise has extended its TestComplete tool with VSTS. The
extension provides developers with a complete and well-integrated
testing solution.

Compuware The integration of VSTS with Compuware Testpartner provides
development access to the same testing assets as testers, allowing
them to resolve errors more quickly, improve communication and
collaboration, and improve application quality in a cost-effective

way.
Mercury This enterprise plans to integrate with VSTS by sharing testing
Interactive assets such as unit tests and functional and load tests in both
Corportaion developments. It will also integrate with regard to collaboration on

the diagnosis and resolution of application defects, performance
bottlenecks, and scalability problems across the entire application
life cycle.

Table 2 summarizes the main extension under development, focusing on version
control.

Table 2. Extensions under development in the field of version control

Enterprise Extensions under development

SourceGear This enterprise is developing a tool called Allerton to access the
Team Foundation Server from outside Visual Studio environments.
This tool allows version control and work item tracking features of
VSTS from other platforms, including Mac Os or Linux.

Table 3 summarizes the main extensions under development, focusing on require-
ments process.
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Table 3. Extensions under development in the field of requirements process

Enterprise Extensions under development

Borland This enterprise has a tool called CaliberRM, which provides
requirements management. The extension of this tool would allow
interacting with VSTS, linking life-cycle artefacts with requirements
throughout the application life cycle, and providing end-to-end,
requirements-to-test traceability.

Serena The integration would allow business users to rapidly visualize their
application requirements while collaborating more effectively with
IT architects, developers, and testers.

Table 4 summarizes the main extensions under development in the field of process
templates.

Table 4. Extensions under development in the field of process templates

Enterprise Extensions under development

Cochango This enterprise has Developer, a Scrum methodology template for
VSTS.

Osellus The IRIS tool generates process templates for VSTS as well as

templates for Microsoft Project from the tailored processes. The
IRIS visual modelling environment can be used to model software
development processes, irrespective of the methodology chosen. The
resulting process models are fully compliant with VSTS and can be
enacted across multiple VSTS

Table 5 summarizes the main extension under development in the field of
application maintenance.

Table 5. Extensions under development in the field of test

Enterprise Extensions under development

AVIcode The tool called Intercept Studio integrated with VSTS is going to cut
down on application maintenance and support costs associated with
application maintenance and support by quickly identifying the root
cause of operational problems.

There is an approach which focuses on workflow capabilities; you can see a
summary in Table 6.

Table 6. Extensions under development in the field of workflow

Enterprise Extensions under development

Identify The tool called AppSight with VSTS automates and accelerates the
tasks of application problem resolution. It also adds embedded user
interfaces and new workflow, for all the members of the application
life cycle.
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There are many enterprises currently extending VSTS; this shows the importance
and possibilities of VSTS extensions. After studying these tools, we can say that
proposed solutions focus on specific processes like testing, version control,
requirements. Our solution is wider in that it covers the whole lifecycle. The use of
patterns in the PIBOK-PB architecture also promotes specific features like reuse, and
emphasizes improving collaborative capabilities to maximize productivity.

5 Conclusions and Future Trends

In this paper, we have described the PIBOK-PB architecture and the extensions to
Microsoft solution Visual Studio Team System in order to provide a solution based on
process reuse and knowledge management techniques. The extensions allow:

e the definition of new process models templates to be selected in order to
develop a software project.

e the selection of process models templates according to a set of rules and
criteria.

e the execution of process models activities following the order determined by
the project manager.

e the recovery of data, information and knowledge from a repository where
product patterns and process models are stored.

e the execution of product patterns associated with project activities, reusing
existing knowledge, and allowing stakeholders access to the information and
knowledge of the product to be obtained on the spot, thus improving the
efficiency of use.

We are currently working on the extension of the catalogue of product patterns
available and the catalogue of process models templates. The product patterns and
process model templates are being stored in a repository XML compatible.
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Abstract. In dynamic and constantly changing business environments, the need
to rapidly modify and extend the software process arises as an important issue.
Reasons include redistribution of tasks, technology changes, or required
adherence to new standards. Changing processes ad-hoc without considering
the underlying rationales of the process design can lead to various risks.
Therefore, software organizations need suitable mechanisms for storing and
visualizing the rationale behind process model design decisions in order to
optimally introduce future changes into their processes. This paper presents
REMIS (Rationale-driven Evolution and Management Information System), a
prototype tool we have developed for providing support to process engineers
during the task of collecting the reasons for process changes, introducing the
changes, and storing them together in a process model evolution repository.
Additionally, we present lessons learned with REMIS during the evolution of a
reference process model for developing service-oriented applications.

Keywords: Process evolution, rationale, process management, prototype tool,
resource description framework.

1 Introduction

Process models can be used to guide developers, automate and improve processes,
support management and execution, and store experience [8]. Changing these models
in organizations is typically a complex and expensive task [25]. Process engineers are
faced mainly with the following challenges: a) to rapidly update the process model so
that the organization can keep up with its business environment; b) to introduce
changes that are realizable and acceptable for practitioners; c) to introduce changes
that are consistent or do not affect the process model consistency. Achieving a
compromise that satisfies such challenges usually depends on the information
available for rapidly judging if a change is consistent and can be easily adopted by
practitioners. Having information about the rationales of the process design at hand
can be of great help to process engineers for overcoming the previously mentioned
challenges. Currently, the common situation is that there is a lack of support for
systematically evolving process models. Combined with other facts such as budget
and time pres-sure, process engineers often take shortcuts and therefore introduce
unsuitable or inconsistent changes or go through a long, painful update process.

Q. Wang, D. Pfahl, and D.M. Raffo (Eds.): ICSP 2007, LNCS 4470, pp. 12 2007.
© Springer-Verlag Berlin Heidelberg 2007
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It has been shown that systematically describing the relationships between an
existing process and its previous version(s) is very helpful for efficient software
process model evolution [2]. Such relationships should denote differences between
versions due to distinguishable modifications. One can distinguish the purpose of
such modifications if one can understand the rationale behind them.

In the product domain, rationale has been defined as the justification for a decision
by software product designers, who have done extensive research on capturing,
organizing, and analyzing design rationales [9]. By making rationale information
explicit, decision elements such as criteria, priorities, and arguments can improve the
quality of software development decisions. Additionally, once new functionality is
added to a system, the rationale models enable developers to track those decisions that
should be revisited and those alternatives that have already been evaluated.

The situation is not much different in the process modeling domain, where this
topic seems to be less developed, or not yet considered relevant by software process
engineers. We are currently working on transferring rationale concepts into the
process modeling domain. We do this based on the assumption that the rationale for
process changes can be used for understanding the history of software process
changes, for comprehensive learning, and for supporting the systematic evolution of
software processes. The research roadmap we are following consists of the following
steps: a) identification of a taxonomy of reasons for process change (documented in
[26]); b) definition of a structured conceptual model of rationale; c) definition of a
method that provides guidance on how to perform systematic process evolution
supported by rationale; d) implementation of a prototype; e) validation of the concepts
and the approach in process evolution projects. The steps are performed iteratively so
that the experience acquired in the evolution projects can be used for fine tuning the
concepts and the approach.

The research work described in this article consists of the definition of concepts
and the implementation of the REMIS prototype that can be used for collecting
information about the rationale underlying process changes and as tool support for
systematically evolving a software process model. This is one of very few attempts
per-formed so far whose goal is to connect the reasons for changes to the actual
history of a process model. Section 2 presents a retrospective of work performed on
rationale concepts and methods as well as on tools suitable for collecting the rationale
of processes and products. Section 3 presents a characterization of the rationale
support tools. Section 4 presents the current conceptual model. Section 5 describes the
REMIS prototype and its most relevant features. Section 6 presents the experience
and lessons learned from a practical application in industry where we used REMIS.
Section 6 presents a summary and future research work.

2 A Retrospective of Rationale-Driven Approaches and Tools

The design rationale research community has invested much effort into developing
concepts, methods, and techniques for capturing, retrieving, and analyzing the
reasoning behind design decisions. The initiators of the field were Kunz and Rittel
[15], who developed the IBIS method based on the principle that the design process
for complex problems is basically a conversation among stakeholders (e.g., designers,
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customers, implementers). They started looking at the conversational process of
arguing about complex problems during the design of buildings and cities. Each
stakeholder contributed with his experience to the resolution of design issues. This
approach was oriented to promote debate as a mechanism to provide a means for
understanding the other’s view and, in consequence, to obtain a more comprehensive
view of the complex problem. IBIS led the way for approaches such as the Design
Space Analysis proposed by McLean et al. [20] and better known as QOC, the
Procedural Hierarchy of Issues (PHI) approach [22], and the Decision Representation
Language (DRL) [17].

These approaches are called argumentation-based approaches because they focused
on the activity of reasoning about a design problem and its solution [9]. Afterwards,
these argumentation-based approaches were transferred to the mechanical engineering
and software engineering fields and applied to design problems. Tools were
considered an important factor for successfully managing rationale information. Most
tools supporting argumentation-based approaches are hypertext-based systems that
connect all pieces of information through hyperlinks, e.g., gIBIS [7], SYBIL [18], and
the recently developed Compendium [6].

2.1 Software Engineering and Rationale

Dutoit et al. [9] introduce the term Software Engineering Rationale, claiming that this
term is more useful for discussing rationale management in software engineering.
They emphasize that the software development life cycle contains several activities
where important decisions are taken, and where rationale plays an important role. In
software engineering, most approaches have contributed to the rationale domain by
providing new ideas and mechanisms to reduce the risk associated with rationale
capture. Such approaches were conceived having in mind the goal of providing short-
term incentives for those stakeholders who create and use the rationale. For example,
SCRAM [34], an approach for requirements elicitation, integrates rationale into
fictitious scenarios that are presented to users or customers so that they understand the
reason for them and provide extra information. They can immediately see the use and
benefit of rationale. Something similar happens in the inquiry cycle [27], which is an
iterative process whose goal is to allow stakeholders and developers to work together
towards a comprehensive set of requirements.

Most of the approaches developed for Software Engineering Rationale offer tool
support provided as either adaptations or extensions of specific requirements and
development tools, e.g., SEURAT [5], Sysiphus [10], DRIMER [29], or the Win-Win
Negotiation Tool [38]. SEURAT integrates into a development environment a sort of
plug-in for rationale capturing especially enhanced with an ontology of rationale
terms and a rationale checking mechanism that guides developers in efficiently
collecting rationale information and showing them at once the benefits of it. A similar
short-term incentive strategy is adopted by Sysiphus, but in a collaborative modeling
environment. DRIMER [29] is a software development process and tool for applying
design patterns. It provides storage and retrieval of patterns application examples and
their rationale. Designers who are looking for a pattern can better understand how to
use it by looking at the rationale. Finally, the Win-Win negotiation tool, which
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supports the corresponding model, is an example of rationale as a driver of a software
development project [4]. The set of requirements to be implemented in each iteration
is decided by following the Win-Win model, where issues, i.e., disagreements
between parties, with different win conditions are discussed. Options are proposed
and an agreement is taken. Win conditions are prioritized and scheduled to iterations
based on risks. Other examples of tools are REMAP [31] and C-ReCS [13].

2.2 Process Modeling and Rationale

Little work has been done in other areas apart from design and requirements. One of
them is the process modeling area. Here, the need and value have been identified, and
a couple of research initiatives have been followed with the goal of generating
rationale information from project-specific process models. One approach developed
by Dellen et al. [11] is Como-Kit. Como-Kit allows automatically deducing causal
dependencies from specified process models. Such dependencies could be used for
assessing process model changes. Additionally, Como-Kit provides a mechanism for
adding justifications to a change. The Como-Kit system consists of a modeling
component and a process engine. Como-kit was later integrated with the MVP
approach [3]. The MVP approach consists of the MVP-L language and the MVP-E
system, which supports the modeling and enactment of software processes. The result
of such an integration effort was the Minimally Invasive Long-Term Organizational
Support platform (MILOS) [37], [21]. MILOS enables the modeling of both
algorithmic and creative processes, the collection of data for the purpose of process
guidance, and experience management. Sauer presented a procedure for extracting
information from the MILOS project log and for justifying project development
decisions [33]. According to Sauer, rationale information could be semi-automatically
generated. However, the approach does not capture information about alternatives that
were taken into account for a decision.

Weber et al. [39] introduce an agile process mining framework that supports the
whole process life cycle as well as continuous adaptation to change. The framework
combines three different domains, namely process mining [36], adaptive process
management (PM) [32], and conversational case-based reasoning (CCBR) [39].
Changes are registered in change logs during project execution. Changes can be refer-
enced to cases in a case-base. A case represents a concrete ad-hoc modification of one
or more process instances. A case consists of a textual problem description, a set of
question-answer pairs, and the solution. The process engineer can provide information
on the case so that future analysis for understanding the context of and the reasons for
discrepancies between process models and related instances are possible.

3 Characterization of Rationale Tool Support

Table 1 provides an overview of the diversity of tools implemented for providing
rationale support to a given approach.
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Table 1. Tool Support

Approach Tool/Prototype Support
Category 1
IBIS [15] gIBIS[7], Compendium [6]
Design Space Analysis (QOC) [20] Compendium [6]
The Decision Representation Language (DRL) [17] SYBIL [18]

Inquiry Cycle Potts et al.- [27]

Active HyperText Prototype [28]

Category 2

Contribution Structures- Gotel and Finkelstein - [16]

Contribution Manager Prototype [16]

Como-Kit [11]

Como-Kit System [11]

Agile Process Mining - Weber et al. - [39]

ADEPT [32] + CBRFlow [45]

Category 3

Hierarchy of Issues (PHI) [22]

JANUS [12], PHIDIAS [23]

REMAP - Ramesh and Dhar- [31]

REMAP System [31]

C-ReCS - Klein [13]

C-ReCS System [13]

SEURAT- Burge and Brown - [5]

SEURAT System [5]

Sysiphus- Dutoit and Paech - [10]

Sysiphus [10]

WinWin - Boehm et al.- [4]

WinWin Negotiation Tool [38]

DRIMER - Pena-Mora and Vadhavkar - [29]

SHARED-DRIMS [29]

These tools can be classified into three major categories: tools that support
debate/argumentation; tools that support editing work and rationale documentation;
and tools that support integrated editing work and debate/argumentation.

Category 1 - Support for debate/argumentation: The main feature of the tools in
this group is to support the collaborative debate of complex problems. Rationale
capture, management, and visualization are important functionalities of these tools.
Visualization is implemented with graphical browsers that connect each rationale
piece of information as hypertext. Usually, these tools provide a linking mechanism to
reference the external artifact being discussed. Examples are: gIBIS [7], SYBIL [18],
Compendium [6], and the Active Hypertext Prototype [28].

Category 2 - Support for editing work and rationale documentation: This group
consists of tools that incorporate rationale as important additional information, but
whose main feature is to provide support for users on the task they are performing.
The front end in these tools is the specialized task editor. Possibilities for capturing,
generating, visualizing, or retrieving rationale information for a given task or task
element are provided. Examples are: Contribution Manager Prototype [16], Como-Kit
System [11], and the integration of ADEPT [32] and CBRFlow [39].

Category 3 - Support for integrated editing work and debate/argumentation: The
main rationale behind these tools is to avoid the criticism of the costs involved with
capturing rationale and its intrusiveness by seamlessly integrating
debate/argumentation into the collaborative work. Usually, these tools provide
mechanisms to easily switch from the task editor to the rationale editor and to
visualize both the task and its rationale in one place. The set of tasks and its rationale
is conceived as a whole and therefore, changes to each task propagate to all users.
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Some task editors are specialized according to the activity as in the case of
requirements or design, while some others have attempted to provide a more
“generic” task editor. Examples of such tools are: JANUS [12], PHIDIAS [23],
REMAP [31], C-ReCS [13], SEURAT [5], Sysiphus [10], WinWin Negotiation Tool
[38], and SHARED-DRIMS [29].

4 Process Rationale Concepts and Prototype

The following is a conceptual model that can be considered a second version of our
attempt to understand the information needs for capturing the rationale behind process
changes (see Figure 2). The results of our first attempt have been documented in [26].
We decided to start with a small set of concepts that will be refined in time. The
reason for keeping the model as simple as possible comes from the criticism regarding
the high costs of capturing rationale information. We wanted to avoid these high costs
and find those appropriate concepts needed to describe the rationale for process
changes.

4.1 Concepts

We decided to take the basic concepts of the argumentation-based approaches and
connect them to three entities that were relevant for us, i.e., event, changes, and
process element (the non-shadowed classes in Fig 1).

Event triggers » causes » Change

name Pp——
description <« resolves escription

type ’—‘
desce N Issue RResolution affects »
type < triggers SUbJeFt.
question L _|description

description justification

status

discussion) has » « chooses, Process Element|
\—‘ ’7 processElementld

Alternative

description
subject
assessment

Fig. 1. Rationale Model (UML static structure diagram)

An event is considered to be the trigger of issues. Events can happen inside
(internal) or outside (external) a given organization. Examples of different types of
internal events are: new/updated process engineering technology (e.g., a new process
modeling technique); new/updated regulatory constraints; Examples of different types
of external events are: responses to failures to pass internal or external appraisals,
assessments or reviews (e.g., changes needed to address a failure in passing an FDA
audit); new/updated best practices emerging from "lessons learned" in just-completed
projects (e.g., a new "best practice" approach to handling design reviews).
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Issues are problems that are related to a (part of a) process and that need to be
solved. Issues are stated usually as questions in product-oriented approaches. In this
work, the question has the purpose of forcing process engineers to reason about the
situation they are facing. Additionally, an issue also contains a long description, a
status (open, closed) and a discussion. The discussion is intended for capturing the
emails, memos, letters, etc. where the issue was treated by process engineers.
Additionally, an issue can be categorized by a type. This type can be selected from a
classification of issues that needs to be developed or customized for an organization
[26]. The classification can be used as a basis, which should be refined continuously
based on experience gained from process evolution projects.

Alternatives are proposals for resolving the issue. Alternatives can be captured with
subject (short description) or long descriptions. Alternatives are evaluated and
assessed regarding their impact and viability by process engineers.

Finally, a resolution chooses an alternative whose implementation causes changes
to the process models. At the same time, one resolution could lead to opening more
issues. Note that a resolution has a subject (short description), a long description, and
a justification. The justification is intended for capturing a summary of the analysis of
the different alternatives, the final decision, and the pro-posed changes. Changes are
the result of implementing the decision captured in the resolution. They are performed
on process elements. Some examples of changes performed to process elements are:
activity x has been inserted; artifact y has been deleted; activity x has been moved to
be a sub-activity of activity z.

4.2 Prototype and Technical Infrastructure

This section presents the current state of the REMIS prototype, which we developed
with the goal of supporting our work concerning the systematic evolution of a process
model. It is important to mention that ideas behind REMIS were taken from previous
research work, where we developed an approach for evolving a text-based process
description within the aerospace domain [2]. Our solution relies on the fact that
modern word processing programs increasingly support the Extensible Markup
Language (XML) as a document format [24]. As an open format, XML can be
processed using a variety of widely available tools, including high-level libraries that
can be invoked from most modern programming languages. Using the interpreted,
object-oriented Python programming language [19], we developed a parser that is
able to navigate through the XML-specific version of the ASG process model
description, identifying the section headings and rationale information tables, and
moving information to and from the process evolution repository as necessary. This
functionality allowed us to update a database (i.e., the process evolution repository)
automatically after a set of changes, and to check the data for consistency before
doing any further editing.

We have used the Resource Description Framework (RDF) as a basis for
representing both process and rationale information in the process evolution
repository. In brief, RDF was originally designed for representing metadata about
Web resources, such as the title, author, modification date of a Web page, and
copyright. However, it is possible to generalize the concept of “Web Resource” and
say that RDF can be used to represent “things” that are identifiable. We see the
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Fig. 2. Rationale Information Integrated into the Process Model

rationale as metadata about processes. Fig. 2 shows an excerpt of the ASG process
model description as seen by the process engineer. It can be observed that the
document contains a section for rationale information references and a section for the
actual process description of attributes. The actual rationale information can be
documented in special tables at the end of the document. The process engineer can
then introduce the rationale information, perform the changes in the respective parts
of the document, and then establish a reference to the corresponding rationale.

Such metadata can be queried for describing the evolution of processes. RDF’s
conceptual model allows describing ‘things’ by using statements and models such as
nodes and arcs in a graph. We use the RDF/XML syntax [14] for storing and querying
RDF graphs in the database.

Fig. 3 presents the REMIS’ user interface and the main functionality offered. This
functionality supports the method we have designed so far for systematically
changing a process model. Let us assume that the process engineer(s) or person(s)
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Fig. 3. Prototype Tool Support

responsible have identified an issue. Let us assume that the process engineer(s) or
person(s) responsible have identified an issue. First, he/they should extract the current
version from the process evolution repository (step 1 in Fig. 3).

This can be done using the REMIS function, which, given a parameter with the
desired version, generates a word document from the process evolution repository.

The process engineer can document the event, the identified issue, the alternatives
proposed to solve the issue, and the resolution taken (see Fig. 2). Once this is done,
the process engineer can change the process model, and reference the changes to the
just documented rationale. After having performed all changes, he can use the load
functionality from REMIS (step 2 in Fig. 3). Once this is done, the process engineer
can update the process in the process evolution repository with the new changes. He
can do this by using the REMIS functionality that updates the process information and
the corresponding rationale (step 3 in Fig. 3). This functionality is implemented in
such a way that REMIS compares the current version in the repository with the just
loaded and changed version, identifies the changes, and stores the new version with
its corresponding rationale information in the process evolution repository. We have
included as additional functionality the possibility to export the process model or the
rationale information to RDF models. This function was implemented for giving the
user the possibility to visualize the information in RDF-capable tools such as Protegé
[30] or for making queries to the RDF models with languages such as SPARQL [35].

S Experience and Lessons Learned

The environment where we applied our conceptual model and tool corresponds to the
Adaptive Services Grid (ASG) project [1]. The ASG project was intended to develop
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a software infrastructure that enables design, implementation, and use of applications
based on adaptive services, namely the ASG platform. We were in charge of defining,
establishing, evaluating, and systematically evolving the development process applied
in the project to develop the platform. Development activities were performed, for
instance, within the ASG project by several teams from different companies,
universities, and research institutes. Development teams ranged from two-person
teams consisting of a PhD student and a master student to ten professional
programmers. Development teams were not collocated and team members spoke
different native languages.

The software process was described in terms of activities, artifacts, roles, and tools,
which are concepts that correspond to process element shown previously in Fig. 1.
The resulting process model includes both textual descriptions and diagrams that
illustrate the relationships between the entities of the model in a graphical way (e.g.,
workflows and role-specific views).

The ASG reference process model was developed mainly in 5 iterations. This
means that there are 5 versions of the model. At certain points in time, we interviewed
developers about the current process model version. Such interviews were taken as a
basis for performing changes to the process model. We discussed the interviews,
decided on the changes, and documented their rationale. Then we proceeded to per-
form the approved changes. These activities were supported by the REMIS prototype.

The final version contained 26 processes, 31 artifacts, 10 roles, and 11 tools. 353
changes to the model were performed in total from version 1 to version 5. These
changes correspond to 15 issues identified from the interviews. The interviews were
designed to elicit from developers important aspects such as the current problems and
improvement suggestions, which could be directly mapped to the issues and
alternatives. One major concern we had was the difficulty involved in first discussing
and then performing the changes to the model. At the beginning, it was hard for us,
acting as process engineers, to get accustomed to this way of work. However, after
having discussed a couple of issues, we felt more comfortable and saw the advantages
of it. REMIS assured that all relationships established in the Word document between
process changes and rationale were kept and stored in the process evolution
repository. REMIS also assured the consistent storage of different versions of the
process model. The information stored in the process evolution repository allowed us
to answer questions such as: Which process elements were affected by a change?
Which process element was affected by the highest number of changes? Which issue
had the largest impact on a process? Which are still unresolved issues? Which type of
issues demand the highest number of changes?

Concerning the visualization, it was important for us that before changing a
process model, we could see previous changes, where they were introduced, and why.
This way, we could better justify our new changes. REMIS supported us by
generating a given version of the process together with its rationale information as a
Word document. Another mechanism to visualize the information was querying the
RDF models exported from the tool, or the RDF models stored in the process
evolution repository. We used internally developed tools for that purpose. We
observed that the amount of information in one visualization graph or table can
become overwhelming and difficult to read. We are currently investigating how to
minimize this problem.
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6 Summary and Outlook

This article presented the current results of our research work towards a systematic
mechanism for rationale supported process evolution. In particular, we described the
REMIS prototype developed for proving our conceptual model.

Despite certain difficulties arising from applying our concepts and prototype for
the first time to a practical, real world project, we consider our results quite
satisfactory. REMIS proved to be suitable for the set of problems at hand, and showed
the potential for being applicable to future similar problems. REMIS helped process
engineers in connecting the reasons for changes to the process model and in
consistently storing both in one place.

We think that our technology choice played a central role for the success of this
initial prototype trial. First of all, being able to produce easily processable XML
documents directly from a standard Word processing application was instrumental to
many of the tasks we performed in the project. On the one hand, using a standard
word processor (as opposed to a specialized process modeling application) not only
made our work easier and more comfortable, but also allowed us to interact with other
stakeholders in a straightforward way. On the other hand, having such documents
readily available in XML form provided us with a wide choice of technologies to
analyze and process the data.

During our work, we identified several open research questions. One of them deals
with the visualization of the large amount of information stored in the process
evolution repository. We are currently investigating mechanisms that facilitate such
visualization, e.g., we are trying to identify a set of “most wanted queries” based on
the special interests of organizations interested in managing process evolution. Such
queries can be deduced from the goals of the organization and reduce the scope of the
information to be analyzed.
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Abstract. Agile software process may become one of the most rational
development patterns in global economic environment to assist software
enterprise to make rapid response to the market. This paper proposes a method
to measure agility in software process using goal-driven techniques and
balanced scorecard. Using this method, we design a set of representative agility
metrics for measuring agility in software process. We also perform one case
study for the proposed agility measurement.
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1 Introduction and Motivation

As market globalization raises competitive pressures worldwide, one essential
requirement for enterprises’ survival is their inherent ability to meet customer needs
and demands. To meet this challenge, new software development paradigm — agile
software process — was born in time since 1996 [1]. In late 2001, Agile Alliance was
formed and stated their famous manifesto [2]. Until now, agile processes have been
applied successfully at some software enterprises, and all practices indicate they are
effective in some specific domains.

However, we find that there are two myths in the agile process practices in some
Chinese companies:

1) There seems to be a general feeling in the agile community that if you follow all
the practices associated with your chosen method then you are agile in name. While
this may be true for original agile methods, which have defined a set of practices with
emergent properties such that the team becomes more agile as a result of the process,
it is still possible to apply XP or Scrum without gaining much in terms of agility.

2) “Light” is one form of agile. Under the pressure of budget and schedule, in fact,
some organizations have put quite “light” development into practices. They spend a
little efforts and times on estimation, analysis, design, testing and documents, which
looks like implementing agile process imperfectly. On the pretext of various objective
factors, they become weak in promoting communication, simplicity and feedback. At
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the same time, they have the courage without discipline to take risks of chaotic
management. It is obviously inconsistent with the basic principles of agile process.

How to determine that a software process is really agile? “One size does not fit
all”, so it is impossible that only one agile process template can be suitable for all
projects. Applying in different contexts, scopes or project types, it could result in total
difference in agility of the same software process. Even at this moment there is no
enough data available to prove that agile methods are better than traditional methods.
Although anecdotal evidence suggests that agile methods are more effective at
delivering working solutions, the only practical way of determining whether agile
methods actually make a difference to your software development process is to measure
your own process and to see whether agile methods are actually effective or not.

The question is how to design such measurements and for what we should
measure. In this paper, we propose a goal-driven approach to measure agility in
software process. It combines GQM and balanced scorecard methodologies, and
guides software organizations develop their own set of agility measures in context of
their business goals. After applying the approach to four typical software companies
and further investigation on more organizations, a set of representative agility metrics
are recommended and formalized. These metrics are focused on the main aspects of
customer, financial, internal process, and innovation. Preliminary experiments show
that proposed approach and metrics can help assess organization’s health and
performance systematically, and find existed problems and possible improvement
opportunities.

The rest of the paper is organized as follows: Section 2 illustrates related works. In
section 3, we present a new measurement approach based on GQM and balanced
scorecard. In section 4, a set of representative agility metrics are proposed after
practices and investigation. In section 5, preliminary experiments to evaluate
capability of proposed approach are shown. Finally section 6 presents the conclusions
and future work.

2 Related Works

There have been some attempts at measuring and proving the efficacy of agile
software development methods versus traditional methods. Some of them focus to
demonstrate the benefits of agile methods using traditional software metrics [3][4].
These studies have shown that agile methods are at least as good as traditional
methods. Apparently it is more difficult to gather and analyze metrics in agile
projects, so some people try to propose the lightweight measurement approach [8][9].
However, all this kind of studies adopts traditional software metrics, without
mentioning the agility metrics.

At the same time, agility metric attracts attention from industry and academy.
Williams et al propose an interesting set of agile metrics [5], and Ron Jeffries defines
one agile metric — RTF [6]; but these proposed metrics are not formalized. John
Favaro designs a ROI metric for agile methods from the economic aspect; however he
also suggests using this metric with others [7]. The common disadvantage of these
studies is that they only pay attention to one aspect or one metric of agility, not from a
comprehensive and systematic view.
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There are some of other valuable works we should mention here: Barry Boehm et al
describe a risk-based approach to balance the agility and discipline to develop software
successfully [10]; D. Hartmann and R. Dymond define which agile metrics are
appropriate [18]. Although they do not provide agility metrics, their thoughtful analyses
help us find right way.

Our work differs in that it seeks to define a systematic approach to measure
software process agility at the level of business from the main aspects of customer,
financial, internal process, and innovation. Each software organization could develop
its own set of agility measures in context of its business goals. Using this approach, a
set of representative agility metrics are formalized, which are appropriate and
valuable according to [18] and preliminary experiments.

3 Measurement Approach Based on GQM and Balanced
Scorecard

Many software organizations define measures to reflect the relative maturity and
health of their software processes [11]. These measures help guide an organization’s
overall performance and process improvement effort. Rather than just gather metrics
directly like lines of code, code complexity or quality metrics which have clearly
meanings for the measurement of software systems, agility is very difficult to measure
[18]. It is not usually assessed from technical aspect, but from business performance
goals such as frequent delivery of software. Thus, we try to develop measures and
associated indicators for measuring a software process’s agility based on the
synergistic application of the balanced scorecard and goal-driven measurement
methodologies. Through this iterative approach, a software process’s agility and its
subgoals are mapped to the balanced scorecard and refined. The goal-question-
measurement methodology is then applied to identify indicators and measures for
each scorecard dimension.

3.1 GQM and Balanced Scorecard

Two methodologies often employed to develop origination and process measures are
the balanced scorecard [12] and goal-driven measurement [13] methodologies. Both
methodologies are well known, but usually applied separately. It is suggested to
combine the techniques, taking advantage of the best of each. [14]

1) Balanced scorecard

The balanced scorecard is an industry-recognized best practice for measuring the
health of an organization. It can be used as a management tool for translating an
organization’s mission and strategic goals into a comprehensive set of performance
measures that provide the framework for an enterprise measurement and management
system [12]. It is based on four perspectives of an organization’s performance—
customer, financial, internal process, and learning and growth.

Using the balanced scorecard framework, an organization can systematically set
enterprise strategic goals for each perspective and develop a set of indicators and
measurements for the desired outcomes and performance drivers that will enable the
achievement of the enterprise outcomes. The result is a set of interconnected goals
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and measurements with defined cause-and-effect relationships. As a template, the
balanced scorecard can be applied to most businesses.

2) GQM
One of the most effective high level models for the application of metrics to the
development process is the Goal-Question-Metric (GQM) paradigm, developed by
Victor Basili for NASA [13]. GQM is nominally a three stage process as the name
implies. Starting from a goal, the method user develops a set of questions which, if
answered, would indicate whether or not the goal had been achieved. Expressing the
questions in a quantifiable form leads to choice of metrics.

The goal-driven measurement process aligns measures and indicators with goals,
thus ensuring that the measures and indicators selected will be used to show success
in achieving these goals.

3.2 New Measurement Approach

Our suggested approach for developing process agility metrics is typically iterative
and contains the following three steps:

Stepl: set agility as the strategic goal based on organization mission and vision
Agility in software process is more formally defined as the ability of an enterprise to
respond to continuous and unpredictable changes. It tries to achieve higher
performance through just enough modeling and documentation, without sacrificing
quality. Facing fierce competition, agility has been the most one of strategic goals in
software enterprises, from which the enterprise can derive more detailed subgoals and
activities for achieving its vision.

Step 2: derive subgoals from each quadrant of the balanced scorecard

Agility is purposely at a high level of abstraction, it is necessary to derive subgoals
using the balanced scorecard methodology. The subgoal should have quantitative
expression of achievement, for example, “Increase market share by 15% in the next
fiscal year”. There may be many subgoals derived from each quadrant of the
balanced scorecard. It is beneficial to prioritize these subgoals to develop a
meaningful and efficient strategy for achieving them, rather than trying to achieve
every subgoal. The four quadrants provide the full picture of enterprise, which
inherently linked together.

Step 3: apply GQM to pose relevant questions and determine requisite metrics

GQM method is used to pose relevant questions for each subgoal in each quadrant of
the balanced scorecard. For example, “How do customers evaluate our timeliness?”
from the Customer Perspective. Phrase these questions in a manner that elicits a
quantitative response. Using the answers to these questions, some metrics can be
derived.

Corresponding agility measurement model based on new approach is shown in
Fig.1. This goal-driven approach combines the GQM and Balanced Scorecard
techniques, taking advantage of the best of each.
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Goal: Agility
I I I I
Financial Customer Internal Process [nnovation &
subgoals subgoals subgoals Learning subgoals
Questionl Question2 Question3 . Question
Metricl Metric2 Metric3 . Metrics

4

Fig. 1. Agility Measurement Model

Representative Agility Metrics of Software Process

Agility metrics are difficult to define, mainly due to the multidimensionality and
vagueness of the concept of agility. Applying the above measurement approach, this
section tries to propose a set of representative agility metrics for a “typical” software
organization. Here, typical is defined as an aggregate of several organizations with
similar characteristics.

4.1 Identification of Representative Agility Metrics

We choose four “typical” software organizations in China since 2004 to apply the
proposed measurement approach [15], which are:

ASTI Co., an independent software development and service provider, located in
Maryland, United States, founded in 1990. ASTI has two foreign wholly-owned
subsidiary companies in Shanghai and Beijing, and one development center in
Xi’an, China. ASTI Shanghai and Beijing with about 120 staff is involved in this
practice.

Wanshen Co., a software development and system integration company, founded
in 1993. Its software development department with about 30 staff is involved in
this practice.

Baosteel online Co., an online iron and steel e-commerce service provider in
Shanghai, founded in 2000 by Shanghai Baoshan Iron and Steel Co. Its software
R&D department with about 20 staff is involved in this practice.

Quality Software Shanghai Co., a Japan software outsourcing company in
Shanghai, founded in 2001. The whole company with about 40 staff is involved in
this practice.

These four companies all consider the agility as one of the most important strategy

goal, and are improving their capability maturity based on ISO9001 or CMMI. The
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proposed method won't compare one company with others; rather it is a means to
measure relative performance in the same company for the purpose of assessing
process improvement. Based on their own business goal and features, these
companies established their own measurement models at the end of 2004. Although
the derived metrics are not same, there are about eleven common or similar agility
metrics. These eleven metrics are selected and unified, and further questionnaire is
designed to obtain information from more software companies. Based on the
feedback, five representative agility metrics are identified, shown in Table 1. All of
these metrics are considered valuable in more than 65% companies, according to the
questionnaire data.

Table 1. Representative Agility Metrics

Metric Name| Quadrant of BSC Brief Description
ROI financial Return on investment

Productivity internal process  |Relationship between production of an outputs
and the resource inputs used in software
development

Quality customer Quality of product and service
Adaptability customer Ability of adaptation to changes
Innovation | learning and growth |Ability to innovate, improve, and learn

Although these agility metrics are not complete and also not requisite, they can
help organizations to measure relative performance, and find possible improvement
chances. Also these metrics are lightweight and thus easy to collect.

4.2 Formal Definition of Representative Agility Metrics

Based on a relational system of software development process, the representative
agility metrics are defined in this section.

4.2.1 Measurement Theory Base
From the view of throughput accounting, a software development process, P, can be
conceptualized as a relational system consisting of object-elements, empirical
relations and binary operations that can be performed on the object-elements [16]. By
starting with these definitions, the mathematical role of metrics as a transformation
can be formally outlined. Notationally:
P=(, O, Ds, Ts, Is)

Where

I (Investment) is the value of process input (i.e. idea).

O (Throughput) is the value of process output (i.e. product).

Ds (Development) are “Do” operations of process, which consist of requirement,

analysis, design, coding, and other operations, defined as D1, D2 ...Dn.

Ts (Test) are “Compare” operations of process, which consist of unit test,

integration test, and acceptance test, defined as T1, T2 ...Tn.

Is (Iteration) are loops of process.
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Fig. 2 shows a basic system mapping for the software development process. It
simply describes how a single idea is transformed into a product. In the figure,
investment is the sum of money invested in the system of software production plus
the sum spent to obtain the idea; throughput is rate of cash generated through delivery
of product into production; and operational expense is the sum of money spent in the
system to build from idea to product. In particular, “software inventory” (V) is
introduced in this system, which was suggested by Beck in 2002 [17]. The Lean
Software Development paradigm is also closely associated with the analogy to
inventory management [2].

Iteration

V) Test & .
Q: Develop ————— Rework Delivery :DO

Investment Operation Expense Throughput

Fig. 2. Software development process

In this relational system, following formulas can be satisfied:

— Investment = Valuelnput

— Throughput = ValueOutput = Sales Price - Direct Costs, where Direct Costs are
marginal costs directly associated with the sale of working code. These could
include packaging and delivery, but more likely cover installation, training, and
support.

— Value Added = ValueOutput - Valuelnput

4.2.2 Definitions
In the context of the relational system of software process, five representative agility
metrics are defined here.

ROI. The change of focus from cost to value is inherent in the agile paradigm shift.
Here, value is defined as software put into production that can return an investment
over time. The more rapidly high-value software can be rolled out, the quicker value
is realized. Return On Investment (ROI) consists simply of the ratio of profit to the
amount invested:

ROI = Profit/Investment = (Throughput — OperationExpense)/Investment

Productivity. It is a measure of efficiency, which records the relationship between
production of an output and one, some, or all of the resource inputs used in
accomplishing the assigned task. It is usually measured as a ratio of output per unit of
input over time:

Productivity = Valueagqgea/Effort = (Valuegygpy - Valuepp,)/Effort
= (Throughput — Investment)/Effort
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Quality. Pre-release quality is a surrogate measure of quality. We use both pre-release
defect density and defect removal efficiency as indicators of quality:

Pre-release defect density = Pre-release test defects / KLOC

Defect removal efficiency = Pre-release test defects / (pre-release defects + post-
release defects)

Here, pre-release defects are found before delivery usually through reviews and
testing, not including unit testing.

Adaptability. 1t is measured as how long it takes a unit of V to pass through the system
from input to output. The unit of V is either a new requirement or a changed requirement.
Apparently, “Adaptability” is not same as the cycle time of project. It indicates how fast a
new request/idea can be turned into working code and delivered to a customer.

Innovation. It focuses on an organization’s ability to innovate, improve, and learn.
Moreover, it is not just having new ideas, but also bringing them to products. It is
measured here as a percent of current year sales due to new products released in the
past three year:

Innovation = Throughput,eyproque: / Throughput *100%

S Preliminary Experiments

This session summarizes results and findings from the preliminary experiments in
ASTI Co., which is the earliest one of four companies to apply the proposed
measurement approach.

5.1 Planning of the Experiments

As mentioned in section 4.1, ASTI is an independent software vendor, which provides
software solutions and services for oversea and domestic enterprises, including
software tools, enterprise information system development, and software localization.
Like most other companies in the IT business, ASTI faces new challenges that require
changes in the way they develop, deploy and maintain software applications. One of
these challenges is that the pace of business change is increasing. Therefore ASTI
must improve agility to be able to respond to new and changing requirements. In

Table 2. Staged Measurement Approach

No of Duration Number of Number of Activity
Phase participants projects description
Phase 1 | Oct. 2004 ~ 6 0 Establish agility
Dec. 2004 (experts and SEPG) measurement model
Phase 2 | Jan. 2005 ~ 48 12 Collect data and
Dec. 2005 (ASTI shanghai) measure in ASTI
Shanghai
Phase 3 | Jan. 2006 ~ 120 28 Collect data and
Dec. 2006 (ASTI global) measure in ASTI
Global
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order to facilitate this agile shift, ASTI begins to introduce SE practices from agile
methods, including XP and SCRUM. At the same time, we use a staged measurement
approach to implement agility metrics, as shown in table 2.

5.2 Results of the Experiments

There are 40 projects participating in this practice during the latest two years, where
software tool development projects account for 20%, application projects for 55%,
and software localization projects for 25%. Average size of these projects is 19KLOC,
and average duration is 176 days. When the process is enacted, quantitative data is
gathered by project reports as well as by automated data retrieved by the development
environment. Based on the data repository, the agility metrics are calculated, as shown
in table 3 ~ table 8. Here, numerical value in phase 1 stands for performance in 2004.

Table 3. ROI Measurement Result in ASTI

Type of Projects Phasel Phase2 Phase3
Software tool development 7% 15% 20%
Application development 8% 10% 12%
Software localization 12% 10% 11%
Overall 9% 11% 13.4%

Due to fierier competition, ROI of software localization business in china
decreased more than 30% on average in 2005. It is observed that ASTI performed
better than its competitors.

Table 4. Productivity Measurement Result in ASTI

Type of Projects Phasel Phase2 Phase3
Software tool development [unavailable 0.9KLOC/PM [1.0KLOC/PM
Application development unavailable 1.6KLOC/PM |1.8KLOC/PM
Software localization 34KWORD/PM 36KWORD/PM [35KWORD/PM

Table 5. Quality (Pre-release defect density) Measurement Result in ASTI

Type of Projects Phasel Phase2 Phase3
Software tool development  [8.8/KLOC 8.5/KLOC 8.1/KLOC
Application development 7.5/KLOC 7.3/KLOC 7.3/KLOC
Software localization 1.1/KWORD 1.4/KWORD 1.1/KWORD

Table 6. Quality (Defect removal efficiency) Measurement Result in ASTI
Type of Projects Phasel Phase2 Phase3
Software tool development  |unavailable 78% 80%
Application development unavailable 85% 88%
Software localization 90.5% 90% 91%
Overall unavailable 85% 87%
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Table 7. Adaptability Measurement Result in ASTI

Type of Projects Phasel Phase2 Phase3
Software tool development unavailable 18 days 17 days
Application development unavailable 12 days 10 days
Software localization unavailable 5 days 6 days
Overall unavailable 10 days 9.5 days

Table 8. Innovation Measurement Result in ASTI

Phasel Phase2 Phase3
Innovation 22.3% 22.5% 30.2%

5.3 Findings and Discussion

Although this practice is preliminary, the study has revealed the following findings:

— Measurement itself will inspirit staff to work harder.

— Productivity and quality is lower in software tool development than in application
development, because of complexity.

— It is most difficult to improve agility in software localization, because of regular
works without much innovation.

— Some practices from XP, RUP and other agile methods, such as peer review and
test driven development, reduce the defect density effectively, therefore improve
the productivity.

— Through the agility measurements, possible improvement chances are found in
time, such as lack of architecture design training, inadequate design review and
code walkthrough. And another outcome is that project teams put more attention
on business value, not only technologies.

It is encouraging to observe that after two-year practices “managers are very
surprised to see something running”, experienced engineers emphasize “the real
feedback they get every iteration, the ease of combining inexperienced people in the
project, and the way they are aware of problems almost immediately when they
occur”, younger engineers are satisfied from the direct communication and connection
with the customer and from the process itself. Based on the feedback from customer
questionnaires, the conclusion is that ASTI is moving in the right direction.

We do not compare ASTI with other company, rather measure its relative
performance, and find existed problems and possible improvement chances.

6 Conclusion and Future Work

The agility measurement can be used to make investment decisions and process
improvement. This paper proposes a goal driven method to measure agility in
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software process using GQM and balanced scorecard. Using this method, a set of
representative agility metrics has been identified and defined. We also perform one
case study for the proposed agility measurement.

Currently, we are analyzing other three case studies conducted at Wanshen Co.,
Baosteel online Co., and Quality Software Shanghai Co. The results of this family of
case studies and that of other researchers will build an empirical body of results
concerning agility in various contexts in various organizations. It is also noticed
excitedly that a semipublic data repository has been establishing for software
benchmarking, supported by Shanghai government. Based on this repository, we can
do more case studies, and get more valuable observations. Moreover, we want to
automate our measurement approach to save effort.
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Abstract. There is large uncertainty with the software cost in the early stages of
software development due to requirement volatility, incomplete understanding
of product domain, reuse opportunities, market change, etc. This makes it an in-
creasingly challenging issue to deliver software on time, within budget, and
with satisfactory quality in the IT field. In this paper, we introduce the Schedule
as Independent Variable (SAIV) approach, and present the empirical study of
how it is used to cope with the uncertainty of cost, and deliver customer satis-
factory products in 8 USC (University of Southern California) projects. We also
investigate the success factors and best practices in managing the uncertainty of
cost.

Keywords: process model, SAIV, cost estimation, cone of uncertainty.

1 Introduction

Cost estimation is the basis for bidding, budgeting, and planning. It may come from
expert intuition, analogy with historical projects, formal parametric cost estimation
models, etc [1]. However, because of the incomplete information about the system
scale or cost drivers, the learning process of the project stakeholders, the requirement
volatility, the market change, etc [2, 3, 4], it is difficult to get accurate cost estimation
at the early stages of a software project. And the uncertainty of cost is a threat to en-
suring the on-time and within-budget delivery of software.

It is illustrated in [5] that the uncertainty ranges of cost estimations present a de-
creasing trend as the software development lifecycle proceeds. This phenomenon is
named as the cone of uncertainty [6, 4, 7].

Kitchenham states in [8] that the uncertainty is an inherent character of cost estima-
tion, the managers do not understand how to use estimates correctly and, in particular,
they usually do not handle properly the uncertainty and risks inherent in estimates.
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Cantor [9] also proposes that the variances in the estimate of schedule and budget are
quite high, and that the reason many projects fail to meet stakeholders’ needs is that
they are managed as if these variances do not exist.

Despite the awareness that coping with the uncertainty of cost is important, there is
a lack of empirical study in the current literature. Here we studied several instru-
mented e-services software projects performed at USC (University of Southern Cali-
fornia) to address how the practitioners can effectively make cost estimation and
handle the uncertainty of cost.

As Brooks states in [10], there is no silver bullet to the success of software project.
We think it is the same with the issue of coping with the cone of uncertainty, and cost
estimation techniques alone can’t solve the problem. Empirical studies on how practi-
tioners handle the uncertainty of cost can give us insights on resolving this problem.

Since 1996, there are about 10 real-client projects every year accomplished by the
students enrolled in the software engineering class at the University of Southern Cali-
fornia. These projects span across broad areas like digital library, e-business, credit
card theft monitoring, etc. The main challenges for these projects are that the devel-
opment teams are required to deliver customer satisfactory products within 24 weeks.
The Schedule as Independent Variable (SAIV) process model [11], an architecture-
based extension of timeboxing, is adopted by these teams, and guides them to consis-
tently deliver on-time, within-budget, and stakeholder satisfactory software products.

In this paper, we will discuss how the project teams make cost estimates, assess the
uncertainty of cost, make project plan, allocate resources and ensure the delivery of
stakeholder-satisfactory products. We use the empirical data to analyze the uncer-
tainty of cost estimations and their influence over the projects. We’ll also discuss the
critical success factors and best practices of these projects.

2 Related Work

Lederer [2] found that requirement changes, users’ lack of understanding of their
requirements, lack of adequate estimation methodology or guidelines, lack of histori-
cal data, etc. can all contribute to the inaccuracy or uncertainty of estimates. Todd
Little presented in [4] that according to the Landmark Inc. data, the uncertainty of
cost estimation remains high until late in project development. He observed a pipe
rather than a cone of uncertainty. As a reply to Little, Gryphon proposed that the Cone
of Uncertainty doesn’t reduce itself, and it may be reduced by the improved estima-
tion methods that become available as the project progresses [7].

Jgrgensen asserted that reflecting the underlying uncertainty of cost estimation
would improve the budgeting and planning process. He also proposed several guide-
lines for the assessment of software development cost uncertainty [3]. The COCOMO
IT [5] cost estimation model can make the optimistic and pessimistic estimations,
which form the interval of cost and schedule with 90% confidence. Other models such
as SLIM [12], SEER[13], and Knowledge PLAN [14] provide similar capabilities. In
recent years, several probabilistic cost estimation methods also try to assess the uncer-
tainty of cost estimation and use probability distributions to reflect the uncertainty
[15, 16, 17].
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Though many researchers have addressed the issue of software development cost
uncertainty, there is still lack of empirical research on how practitioners properly
handle the uncertainty of cost.

In this paper, we will investigate 8 USC software projects, analyze how the uncer-
tainty of cost is handled, and identify the critical success factors. We use the same
uncertainty terminology as described in [3]. The uncertainty is defined in terms of
probability, i.e., the degree of uncertainty of an event is described by the probability
that the event will happen.

3 Backgrounds

This empirical study is based on 8 USC real-client projects, which began in Fall 2005
and completed at the end of Spring 2006 semester. These projects have real world
clients from business companies, governmental organizations, and academic organi-
zations. The software products include: Online Reading Assessment, PubMed Data
Mining, Football Recruiting Database, Code Generator, XML Editing Tool, EBay
Notification System, Rule-based Editor, and Code Count. These projects followed the
SAIV process model, and used the MBASE approach and the Lean-MBASE devel-
opment guideline [19].

The MBASE Model-Based Architecting and Software Engineering [18, 19] is a
process framework and also a process model generator. It uses a set of common an-
chor point milestones [20, 21]: key life-cycle decision points at which a project veri-
fies that it has feasible objectives (LCO: Life Cycle Objectives); a feasible life-cycle
architecture and plan (LCA: Life Cycle Architecture); and a product ready for opera-
tional use (IOC: Initial Operating Capability).

In the USC real-client projects, the top constraint of the success model is that the
teams have to develop the LCA packages in 12 weeks during the Fall semester, and to
develop and transition the IOC packages in 12 weeks during the Spring semester. As a
result of this success model constraint, the SAIV [18] process model is generated
from the MBASE. In SAIV, the schedule becomes the independent variable, and the
lower-priority features become the dependent variable. The SAIV is defined by ex-
plicitly enacting the following six process elements [11]:

Shared vision and expectations management
Feature prioritization

Cost estimation

Architecture and core capabilities determination
Incremental development

Change and progress monitoring and control

4 Empirical Analysis of the SAIV Development Process

In the 8 projects under investigation, the students made cost estimations and detailed
development plans at the LCA milestone. We find the uncertainties of the cost esti-
mates are high. The students, however, didn’t go on making more accurate cost
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estimations during the later construction phase as suggested in [7]. They have used
the SAIV process to cope with the uncertainties.

We identified, in this empirical study, four success critical factors of coping with
the cone of uncertainty as: estimate cost and its uncertainty, create the opportunities to
handle uncertainty, enable flexible process to cope with uncertainty, and risk driven
strategies for uncertainty mitigation. Fig. 1 shows the four success factors (in rectan-
gle) and the six related SAIV process elements (in ovals).

In this section, we will discuss the four success factors in subsections 4.1-4.4, and
evaluate the project performance in subsection 4.5. In each subsection we will present
the related SAIV process elements.

Coping with the cone

of uncertainty
Cost estimation | Estimate cost and its
uncertainty

Create the opportunities
to handle uncertainty

Architecture and
core capability
determination

Incremental
development

hange&progress
monitoring and
control

Success factors of
coping with the cone of
uncertainty

-

SAIV process elements

hared vision and
expectations
management

Feature
prioritization

Fig. 1. SAIV elements & Coping with the cone of uncertainty

Enable flexible process
to cope with uncertainty

Risk driven strategies for
uncertainty mitigation

4.1 Estimate Cost and Its Uncertainty

4.1.1 Cost Estimation
All the 8 projects used COCOMO 1I for the cost and schedule estimation. As the
students’ projects are smaller and have a shorter schedule than the projects used in
COCOMO II calibration, the students are provided with a new usage guideline based
on past development experiences of USC projects.

The students disregarded COCOMO 1I schedule estimates and used COCOMO 11
effort estimates to determine how large a team is needed for a 12-week fixed sched-
ule. The estimations are based on the following assumptions:

e Assume 12 hours/week of dedicated effort per person

e Assume 10 of the 12 weeks fill COCOMO II Construction phase (72% of total
effort estimate); the final 2 weeks are for product transition into operations.

e Assume 100 hours/person-month for COCOMO estimates

According to the above assumptions, we can derive the following results for the
construction phase of the students’ projects:

— The estimated effort is “COCOMO II person months”*100%*0.72.
— The assumed available construction effort is “number of team members”*12*10.
— Number of team members be larger than “COCOMOII person months™/1.67



Coping with the Cone of Uncertainty: An Empirical Study of the SAIV Process Model 41

Table 1 shows the three COCOMO 1I effort estimations for the construction phase
(Optimistic, Most Likely, and Pessimistic), the number of developers of each team,
and the assumed available construction effort (persons * 12 hoursPerWeek * 10
weeks). The column “Most Likely Effort vs. Available Effort” in Table 1 measures
how much the estimated most likely effort deviates from the assumed available effort:

Most Likely Effort vs. Available Effort = (Most Likely—Available) /Available €))

Table 1. Cost Estimation

Team COCOMO II effort Estimations | Persons | Available | Most Likely Effort vs.| Actual | Relative
Optimistic | Most Likely | Pessimistic Effort Available Effort Effort |Error (RE)
1 475.2 590.4 741.6 5 600 -0.02 1131.50{ -0.478
2 540 669.6 842.4 6 720 -0.07 998.42 | -0.329
3 403.2 504 633.6 5 600 -0.16 960.83 | -0.475
4 576 712.8 892.8 6 720 -0.01 669.67 | 0.064
5 597.6 741.6 928.8 5 600 0.24 739.17 | 0.003
6 518.4 640.8 806.4 5 600 0.07 661.67 | -0.032
7 554.4 691.2 864 5 600 0.15 467.08 | 0.480
3 532.8 662.4 835.2 5 600 0.10 607.67 | 0.090

We can see that the “Most Likely Effort vs. Available Effort” values are small and
below 24%, which means that, according to the COCOMO II cost estimation, in most
cases the students can finish the construction phase on time with around 12
hours/week dedicated effort per person. The stakeholders thus considered the current
system architecture feasible with respect to the schedule and requirements, and com-
mitted to project development.

The cost estimation provides a useful basis to form the shared stakeholder vision
on how many features can be delivered within schedule. The expectation manage-
ment, feature prioritization, and cost estimation can be concurrently conducted.

4.1.2 The Uncertainty of Cost Estimation
The actual effort for construction phase in Table 1 is collected from the students’
daily effort report. The accuracy of cost estimation is measured with relative error:

RE(effortEst) = (Most Likely Effort - Actual Effort) / Actual Effort 2)

While the accuracy of an individual cost estimate can be assessed by comparing it
to actual effort, the individual cost uncertainty assessment has no obvious correspond-
ing actual values. To assess the uncertainty of a series of estimates, however, we can
compare the percentage of confidence level to the proportion of correct assessments
(“Hit rate”) [3]. The following definition of “Hit rate” is based on uncertainty assess-
ments on the cost prediction interval format, e.g., that it is believed to be “90 percent
probable that the actual cost is in the interval [Optimistic cost; Pessimistic cost]”.

i 3)

1 1, Optimistic, < Act, < Pessimistic,
HitRate=—Y h.» h; =
n-

0, Act, > Pessimitic, v Act; < Optimistic,

We find the actual effort is within the optimistic-pessimistic estimation interval in
4 out of the 8 projects and the HitRate is 50%, lower than the COCOMO II 90%



42 D. Yang et al.

confidence level. That means the actual uncertainty of cost estimation is even higher
than the assessed. Causes for the high uncertainty can be the lack of experience in
cost estimation, uncertainties about COTS or open-source component capabilities, the
learning process of the students, etc. We will discuss in the following sections how
these projects effectively handle the uncertainties.

4.2 Create the Opportunities to Handle Uncertainty

In the SAIV process, the success factor of creating the opportunities to handle uncer-
tainty is related to the process elements: “shared vision and expectations manage-
ment”, “feature prioritization”, and “architecture and core capability determination”.

4.2.1 Shared Vision and Expectations Management

Expectation management holds the key to providing win-win solutions to the stake-
holder negotiation [22]. As described in [23], many software projects lose the oppor-
tunity to assure on-time delivery by inflating client expectations and over promising
on delivered capabilities. The first element in the SAIV process model is to avoid this
by obtaining stakeholder agreement that delivering the system’s Initial Operational
Capability (IOC) is the most critical objective, and that the other objectives such as
the IOC feature content can be variable. The expectation management also provides a
basis for effective system feature prioritization.

4.2.2 Feature Prioritization

For each project, the stakeholders used the USC/GroupSystem.com EasyWinWin
requirements negotiation tool to converge on a mutual satisfactory set of project re-
quirements. In the negotiation results, there are four categories of requirement priority
as “Must have”, “Should have”, “Could have”, and “Want to have”.

Table 2. Feature prioritization and Core capaility

Team |Capability Requirements (CR) IPercentage of Core Capabilities (CC) ICC Total
Must |Should [Could [Want [Total [top priority  [Must [Should |Could [Want [Total /CR Total

1 20 14 4 6 44 1045 20 [0 0 0 20 |0.45

2 9 3 4 1 17 ]0.53 3 2 1 1 12 j0.71

3 6 2 2 2 12 ]0.50 5 1 0 0 6 0.50

4 6 2 1 0 9 0.67 4 0 0 0 4 0.44

5 5 2 2 0 9 0.56 3 0 0 0 3 0.33

6 12 0 0 1 13 0.92 12 [0 0 0 121092

7 13 [0 1 3 17 [0.76 13 [0 0 0 13 [0.76

8 5 5 0 2 12 |0.42 5 5 0 0 10 |0.83

Table 2 shows the distribution of the capability/functional requirements among
four priority levels. Column “Percentage of top priority” measures the percentage of
the top priority features marked with “Must”, and the average percentage is 60%.

The feature prioritization is vital to be able to establish the core capabilities, which
should be delivered on time even under pessimistic cases.

4.2.3 Architecture and Core Capability Determination
The core capability requirements must be selected so that its features add up to a co-
herent and workable end-to-end operational capability. The core capability should
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have at least 90% assurance of being completed in 24 weeks, which means even under
pessimistic COCOMO 1I estimation the core capability can be completed. The archi-
tecture must also take into account the remaining lower-priority requirements, and
make it easy to add or drop borderline features.

Table 2 shows the number of capability requirements (CR), the core capabilities
(CC), and the percentage of core capability requirements (CC Total / CR Total). We
can see that the core capability usually includes most of the capability requirements
marked with “Must” and some of the capability requirements marked with “Should”.

4.3 Enable Flexible Process to Cope with Uncertainty

This success factor of enabling flexible process is related to the process elements:
“incremental development” and “change and progress monitoring and control”.

4.3.1 Incremental Development
The project teams are required to prepare an incremental development plan at the
LCA milestone. In their project incremental development plan, the construction is to
be completed with two or more iterations. The first iteration will implement the core
capability and the remaining iterations will add the lower-priority features. After the
first iteration there will be a client-operated Core
Capability Drive-Through (the core capability
completion milestone).

Table 3. Percentage of duration for
iteration one

Since the core capability has 90 percent assur- IT”"“ g‘j;‘“““ g;‘:‘mi‘“‘ ?ﬂ‘l"“';“gl

. . . ./ . ./ .
ance of being completed in 24 weeks, this means > a3 054 051 020
that under the pessimistic case of COCOMO II 3 054 [0.68 0.57_|-0.06
estimation, the core capability can still be com- 4 061 080 0.76 p0.16
L . . 5 0.51 0.64 0.75  |-0.33
pleted within schedule, sometimes with some s 070  loss 075 |0.07
extra effort. 7 s oss .62 [0.09
] 0.59 0.74 0.58 [0.01

We compare the duration of the first iteration
with that duration of the construction phase, and calculate the percentage as showed
in Table 3. The planned first iteration will take 43%-72% of the construction-phase
duration. To assess the first iteration duration under the pessimistic case, we use the
rate of under-estimate to adjust the planned duration:

pessimistic duration = planned duration * (pessimistic effort / most likely effort)  (4)

The pessimistic percentage of the duration for core capability implementation is
between 54% and 91%, that means even under pessimistic case the core capability
can be achieved with 9%-46% construction phase time remaining.

In the most likely (planned) case, however, the project will achieve its core capa-
bility with about 28-57% of the schedule remaining as planned.

Table 3 also shows the actual duration of the first iteration. The relative error (RE)
measures the uncertainty of planned duration for the core capability implementation:

RE(schedulelterl) = (Planned Duration — Actual Duration) / Actual Duration (&)
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4.3.2 Change and Progress Monitoring and Control

There are several major sources of change that may require re-evaluation of the pro-
jects’ plans, such as requirements change, technical difficulties, underestimate of
effort, staffing difficulties, COTS changes, customer or supplier delay, etc. The core
capability completion milestone is a client-operated Core Capability Drive-Through,
which often leads the client to reprioritize the remaining planned features.

The project teams may take many options to accommodate to these challenges.
They may drop or defer lower-priority features, dedicate more time each day in con-
struction, reuse existing software, or add expert personnel. In some cases, the changes
can be accommodated within the existing plans. If not, there is a need to rapidly rene-
gotiate and restructure the plans.

4.4 Risk Driven Strategies for Uncertainty Mitigation

MBASE is a risk-driven process framework, and the SAIV is also a risk driven proc-
ess model [18]. The projects’ monitoring and control activities include:

e Development of a top-N project risk item list that is reviewed and updated weekly
to track progress in managing risks (N is usually between 5 and 10)
e Inclusion of the top-N risk item list in the project’s weekly status report

When the uncertainty is high, the risk management can help the students determine
what to do next and how much is enough, e.g., prototyping, COTS evaluation, archi-
tecting, testing, and business case analysis. The risk management strategies include
Buying Information, Risk Avoidance, Risk Transfers, Risk Reduction, and Risk Ac-
ceptance [24]. Take Team 1 as an example. The team members explained in their
problem report “The lack of GUI prototypes may lead to significant rework at the end
of the project in order to accommodate the clients GUI requirement changes”. The
students were suggested to adopt the Buying Information strategy and construct more
GUI prototypes to mitigate the uncertainty of GUI requirements.

4.5 The Performance of SAIV Process

4.5.1 The Execution of Iteration Plan

Though the total project duration is an independent variable in the SAIV process, the
duration of the first iteration can change to accommodate to the uncertainty of cost or
other changes. When there is under-estimate of effort, the teams can extend the dura-
tion of the core capability development, delay some capabilities to future iterations, or
drop more low-priority features.

The core capability features should be completed by the first iteration according to
the iteration plan. We present in Table 4 the total number of core capabilities (CC
Total), and how many of the core capabilities have been completed in iteration one as
planned. Comparing the total number of completed capabilities and the core capabili-
ties, we get the Completion Rate (Completed Total/CC Total) and Relative Error:

RE(capabilitylterl) = (CC Total — Completed Total) / Completed Total (6)
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Table 4. Core capability requirements completed in iteration one

Team |[CC Total |[Completed in Iteration One Completion Rate RE
Must [Should [Could [Want |Total [(Completed Total / CC Total)
1 20 19 0 0 0 19 0.95 0.053
2 12 8 2 0 1 11 0.92 0.091
3 6 4 1 0 0 5 0.83 0.200
4 U 4 0 0 0 4 1.00 0.000
5 3 4 0 0 0 4 1.33 -0.250
6 12 7 0 0 0 7 0.58 0.714
7 13 13 0 0 0 13 1.00 0.000
8 10 4 5 0 0 9 0.90 0.111
Fig. 2 shows the uncertainties using o754 o
boxplot [25], which simultaneously dis- ;54
plays the median, the inter-quartile . | T
range, and the smallest and largest values - E
for each group. We find the magnitude of ] % 5
relative error of iteration duration or core %% 0
capability implementation is much 050 ‘:' | |
smaller than that of effort estimation. RE(efiortEst)  RE{schedulelter!) RE(capabiltylter1)
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execution. Cohen and Holliday [26] suggest the following rule of thumb to interpret
the Pearson’s coefficient: 0.19 and below is very low correlation; 0.20 to 0.39 is low
correlation; 0.40 to 0.69 is modest correlation; 0.70 to 0.89 is high correlation; and

0.90 to 1 is very high correlation.
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Fig. 3. Linear Regresssion

tion plan execution (change in duration or
capabilities implemented).

We find that the completion rate of
core capability in the first iteration has
significant negative correlation with the
percentage of core capability require-
ments.

The linear regression in Fig. 3 graphi-
cally shows the correlation between the
core capability completion rate in the first
iteration and the percentage of core capa-
bility requirements. The relation shows,
when high percentage of capability
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requirements are assigned as core capability, it may become more difficulty to com-
plete the core capability in the first iteration as planned.

An extremely high percentage of core capabilities also indicates that there may be
some problems with the stakeholder expectations management or requirement priori-
tization, e.g., the high percentage of 92% in the case of Team 6. This team only com-
pleted 58% of the core capability requirements in the first iteration, which was the
lowest completion rate among the 8 teams. The team members explained in the itera-
tion review report that the clients required all the requirements to be implemented as
core capability and it resulted in a lot of confusion amongst the team members. The
students also proposed “This problem would not have arisen, if all the team members
were more in touch with the distant client’s need”.

By analyzing how well the 8 projects executed their iteration plan, we find that:

e Even though the uncertainties of cost are high, the project plans have very small
magnitude of uncertainty.

e There is no significant correlation between the inaccuracy of cost estimation and
the error in iteration plan execution.

e The completion rate of core capability in the first iteration is well correlated to the
percentage of core capabilities.

e The stakeholder expectations management and requirement prioritization are im-
portant for establishing a feasible project plan.

4.5.2 Clients’ Evaluation of Projects

At the end of the project, the clients evaluated the delivered product with regards to
five categories of criteria, which are documentation, team interaction, system prepara-
tion and testing, implementation, and overall value. The full grade is 20, and Table 6
shows the clients are satisfied with the development process and the delivered prod-
ucts. The product deliveries received high evaluations as every team finally
implemented all the core capabilities and the planned lower-priority features.

120
20

Table 6. Client evaluation Table 7. Correlation analysis for client evaluation

Team [Evaluations Pearson’s Coef. |Client RE of effort |Actual
1 20 Evaluation gestimation  |Construction effort
2 20 Client Evaluation |1 319 -.086
3 18
= RE of effort

-.955
4 20 lestimation 319 ! 95
S 20 lActual Construction

- .95

6 18 leffort 086 233 !
5
8

The correlation analysis in Table. 7 shows that the stakeholder satisfaction corre-
lates neither to the uncertainty of cost nor the dedicated effort by the team members.
The customers’ concern is not an accurate cost estimation or the dedicated develop-
ment effort, but receiving their desired system capabilities within schedule.
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5 Conclusions

We find in this empirical study that even though the uncertainty of cost is high, which
may be due to the limited experience of cost estimation, the steep learning curve,
reuse uncertainties, etc., the students can successfully deliver product on time with
satisfactory quality. The project teams can accommodate to changes and complete the
core capability iteration with 24%- 46% construction-phase time remaining. In addi-
tion, all the core capability features and planned lower-priority features are com-
pleted. The clients are satisfied with the development process and product delivery,
and their satisfaction doesn’t correlate to the uncertainty of cost or the dedicated de-
velopment effort.

The SAIV process plays a critical role in coping with the cone of uncertainty by:
estimating the cost and its uncertainty, creating opportunities to handle the uncer-
tainty, enabling flexible process, and providing risk driven uncertainty mitigation
strategies.

The critical practices for the 8 projects are:

e Win-Win stakeholders negotiation and effective expectation management
Getting clients to develop and maintain prioritized requirements

e Establishing the core capability and architecting the system for ease of adding and
dropping features

¢ Planning development increments and ensuring the on-time delivery of core capa-
bility even under pessimistic cases

e Risk driven progress monitoring and corrective action

To cope with uncertainty, agile methods also offer useful practices, e.g., embracing
change, fast cycle / frequent delivery, simple design, and refactoring, and the plan-
driven methods offer practices like requirements management, quantitative process
management, project tracking and oversight [27]. The SAIV process is a balance of
agility and discipline. Its usage on USC projects over the last 10 years and other re-
search works [18, 28] indicate that the key practices introduced in this case study are
applicable to a wide spectrum of software projects. Practitioners should choose ap-
propriate practices to cope with the cone of uncertainty according to their develop-
ment environment, and they can use risk, spiral model anchor point, Results Chain,
etc. to balance the agility and discipline [27].

Managing the uncertainty of cost is an on going research, and our future work
includes:

e Compare the current practices of coping with the cone of uncertainty, and provide
more general guidelines.

e Investigate the sources of cost uncertainty and improve the current cost uncertainty
assessment method.

e Provide tools to analyze the information of cost uncertainty, make feasibility analy-
sis with given constraints or dependencies, and facilitate the stakeholder win-win
negotiation and project planning.
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Abstract. Current software development methodologies (such as agile and
RUP) are largely management-centred, macro-process life-cycle models.
While they may include some fine-grained micro-process development
practices, they usually provide little concrete guidance on appropriate micro-
process level day-to-day development activities. The major factors that affect
such micro-process activities are not well understood. We propose that
software architecture and technical development processes are two major
factors. We describe how these two factors affect micro-process activities.
We validate our claim by mining micro-processes from two commercial
projects and investigating relationships with software architecture and
technical development processes.

Keywords: micro-process, macro-process, architecture, process mining.

1 Introduction

The increasing demands imposed on software-intensive systems require more
rigorous engineering and management of integration among the products being
developed, the technology being used and software development processes [8, 16].

In process engineering, a macro-process describes the high-level behaviours of
process while micro-process describes the fine-grained internal workings of processes
[15]. Current software development methodologies (such as Agile and RUP) are
largely project management-centred, macro-process life cycle models. While they
may include some fine-grained micro-process development practices, they usually
provide little concrete guidance on appropriate micro-process level day-to-day
development activities. This has hindered the wide adoption of rigorous development
processes by developers because they do not usually find macro-processes useful for
their immediate needs at a micro-level. This gap between macro-processes and micro-
processes has been recognized previously [15], [13]. In this paper, we suggest that
software architecture and technical development are two major factors that affect
fine-grained micro-processes:

1) Software architecture is important for decomposing a system into functional

modules. This can be used to support task allocation when planning development.

Q. Wang, D. Pfahl, and D.M. Raffo (Eds.): ICSP 2007, LNCS 4470, pp. 49160,]007.
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However, architecture has other influences on development. We observe that module
dependency, degree of such dependency, and architectural refactoring play major
roles for micro-processes.

2) A technical development process is a development process for a particular
technology, such as XML, service orientation, object orientation or a programming
language. Technical development processes are composed of technical steps, best
practices, and checklists for different types of technology-specific components at
different stages. However, these are not necessary aligned with the normal phases of
software development or project iterations. Companies consider technical
development processes an important addition to their macro-process, bringing
competitive advantage [10]. Some technologies, such as programming languages and
object orientation, have not been considered to have a major impact on the normal
flow of a development process, but have rather been associated with development
efficiency and product quality. We observe that some new technologies, such as XML
and service orientation, do have major effects on the development process. This is
largely because such technologies are not confined to the design and implementation
phases. XML has been used to directly define business level requirements and
communication standards. Service governance has become a normal business activity,
since it gives direct control over service development beyond the phases of initial
development.

We have conducted micro-level process mining in two commercial projects. After
excluding the “normal” micro-process activities, such as detailed designing,
implementing, testing a single module, integration and system testing of a particular
sub-system, we find most of the micro-processes and activities that are significant in
terms of effort and recurring patterns are indeed affected by software architecture and
technical development processes. These effects are reflected in micro-process
activities themselves, cost of the micro-process activities and recurring process
patterns. We use effort and recurring patterns as indicators of importance among
hundreds of activities. As later revealed in structured interviews, explicitly
considering these factors may increase the efficiency of the process and the quality of
the project and can give more concrete guidance for developers at a micro-level.

The main contribution of this work is to provide a better understanding of the
major factors that can influence micro-processes. It will be valuable in offering
further assistance to actively planning micro-processes and bridging the gap between
the macro-process and micro-process.

2 Related Work

Connections between macro-processes and micro-processes are usually created
through organization- or project-specific process tailoring, which can be either top
down or bottom up [4, 7, 14, 18].

In the top down approach, a macro-process is instantiated by considering both
project characteristics and organizational factors. It has been recognized that the main
problem here is the low level of reuse during tailoring; additional context information
used in the tailoring is not systematically reused [7]. Moreover, the resulting process
is not fine-grained enough to provide concrete guidance to developers. The tailoring
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process is usually about making or selecting optional process elements, or modifying
variant process elements [1]. Since such process elements usually do not include
technology- and product-specific information, the resulting process is not fine-grained
and “micro” enough. This paper addresses these challenges by aiming to develop a
new understanding of major factors in fine-grained tailoring, such as product
architecture and technology-specific development processes.

In the bottom-up approach, an organization usually has a large number of process
assets. However, the composibility of these assets is often poor and the suitability of a
composed process hard to verify [7]. The research in this paper does not address this
issue directly; however, we believe that explicitly considering the additional factors
has the potential to significantly improve the composibility of these assets and to
provide further criteria for assessing the suitability of the composed process.

Both approaches are used to produce development processes for a particular type
of project or technology, such as embedded systems [10] and COTS [12]. However,
both the top-down and bottom-up approaches are not “micro” enough and the
resulting processes are hard to verify.

Traditionally, software architecture affects the software development process in
two different ways. First, architecture design and evaluation methods constitute part
of the whole life-cycle macro-process. Currently there is active research into
streamlining these methods by using additional phases [11]. Such streamlining does
consider the architecture itself, but only the method for producing it. Secondly,
architecture is used to decompose systems into functional modules, which can then be
used in task allocation. This reflects some finer-grained processes, but is confined to
the early planning phase and is fairly simplistic, so that the full potential of the
architecture is not exploited. In this study, we look into taking more advantage of
architecture in the development process.

We believe the missing link between micro-process and macro-process can be
further bridged by considering the architecture and technical development processes.

3 Effects of Architecture and Technical Development Process on
Micro-process

3.1 A Framework of Factors That Affect Micro-process

We first propose a framework that includes all the factors that may have influence on
micro-process, as shown in Figure 1. Some of them, such as macro-process
methodologies, are understood at least in terms of the existence of their influence,
although the exact nature and size of their influence is not completely understood.
Our recent work has explored the existence of other factors, such as the effect of
business processes and business data on software development processes [9].

1. Macro-process methodologies: As mentioned earlier, the generic software
development process is the foundation for any fine-grained micro process through
top-down or bottom-up process tailoring.

2. Functional Requirements: Functional requirements, especially functional scoping
in iteration planning define what needs to be developed at a fine-grained level.
However, they provide information only on ‘what’ to do but not ‘how’ to do it.
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Fig. 1. Factors that affect fine-grained micro-process

3. Quality requirements: Quality requirements (or non-functional requirements)
guide additional quality-related processes. For example, a high-reliability system
may require more testing to be done, or the use of a particular testing technique.

4. Business Process: The need for mechanisms to support the analysis and tracing of
relationships between the business process and the software process is discussed in
[9]. It is critical for instantiating elements of that business process in software.

5. Business Data: Industries have developed electronic business data “standards” to
improve business efficiency and business-to-business interoperability. Such
standards inevitably have to map to technology infrastructures such as service-
oriented architecture. The design decisions embodied in the business data standards
often affect the development process at a fine-grained level.

In this paper, we propose two additional factors: software architecture and the
technical development process.

3.2 Software Architecture Factor

Architectures provide a wide range of information that can benefit micro-process
planning and monitoring. Architectural models of inter-module dependency are
particularly relevant for micro-process. We propose that architectural dependency
models will influence micro-processes in ways including but not limited to the
following:

Claim 1: A micro-process activity usually concerns multiple inter-dependent
architecture modules at the same time.
For example:

e All modules involved in a single micro-process activity when designing,
implementing and testing a module with high dependency.

This is important because coupling information between modules has not been
explicitly used in fine-grained process planning. Tightly coupled modules may be
only suitable for a close team to develop while loosely coupled modules can be
developed in a distributed and parallel manner.
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Claim 2: The cost of a micro-process activity on a module will be affected by the
architectural dependency characteristics of the module.
Examples of this include:

e Cost of code understanding may be high when the module has high dependency.
e Cost of integration testing will be higher between highly cross-dependent modules

This is important because cost estimation models usually only concern with sizes of
features and function points. Dependencies between functions are not recognised as a
cost factor. Some generic complexity metrics have been used in cost estimation but
are not useful for fine-grained activity costing.

Claim 3: Micro-process patterns can often be better explained by the influence of the
various development stages of different inter-dependent modules rather than by
macro-process phases.

For example:

e During stub creation for unit and integration testing when one unit relies on the
existence of another yet-to-be developed module.

This is important because increasingly, large-scale software is developed in a
concurrent manner. The nature of interactions between these parallel development
processes is important, and architecture is an important factor.

We realize that process planning usually starts at an early stage, sometimes even
before a contract is awarded and the architecture is known. However, we should have
a plan about how fine-grained processes will respond to architecture definitions.

3.3 Technical Development Process Factor

We propose that a technical development process will affect micro-processes by
imposing technology-specific activities, sequences and best practices through process
interactions with macro-processes:

3Pt}

Claim 1: A micro-process activity usually “is” an activity described by a technical
development process rather than an instantiated or tailored macro-process activity.
For example:

e XML schema development processes are technical processes and are also micro-
processes.

This is important because limitations exist in instantiating or parameterizing macro-
processes. A complete top-down approach will never be able to cover the richness of
technical development process activities.

Claim 2: The cost of a micro-process activity will be affected by its technical
characteristics rather than macro-process activities. For example:

e Designing, implementing and testing unique types of technology modules. In the
case of XML development, data update module, up translate/down translate and
cross-translate  modules are developed very differently with different cost
implications.

This is important because the technical characteristics of an activity have not been

used in cost estimation models. However, they may have definitive cost implications.



54 L. Zhu et al.

Claim 3: Micro-process patterns are often determined directly by a technical
development process or interactions between a technical development process and a
macro-process rather than a tailored macro-process. For example:

e Designing schema in XML development has a unique sequence of activities. It
little resembles traditional macro-processes.

e A technical development process requires compliance with certain best practices.
A micro-process pattern emerges from interactions between the compliance
processes and the normal development process.

This is important because most process patterns are currently related to macro-
process methodology. Factors affecting micro-process patterns need to be investigated
and eventually used in process planning.

4 Case Study

The primary goal of this case study is to validate the existence of strong influence of
architecture and technical development process in micro-process, through process
mining, architecture reconstruction and structured interviews. Using these factors and
measuring their effects is beyond the scope of this work.

4.1 Project Selection

The details of the projects will be described in section 4.3 and 4.4, along with the
analysis. The general reasons for selecting these two projects are as follows:

e These are two typical and representative projects within the company, not pilot
projects for trialling a new technology, nor instrumented with any particular
process measurement techniques other than what the company is already doing.

e Time sheets for fine-grained process measurement (in addition to billing) are
recorded for all projects. They directly record individual micro-level activities, and
also enable us to mine process patterns from recurring sequences of activities.

e The company has explicitly used software or system architecture in their process
planning. However, only functional module decomposition is used. In one project,
we helped them reconstruct additional architectural views to investigate the
influence of architecture on micro-processes. The influence of technical
development processes (concerning Java) is also evident in this project.

e The company considers that their major process competitive advantage is their
technical development process, in this case related to XML technologies. These
processes are actively used, but are not systematically integrated with their macro-
process definition. In the XML project, we mainly investigate the technical
development processes, although the architecture factor also has some influence.

To build their competitive advantage, the company has focussed on their micro-
processes in XML development. Historically, these are materialized in technical
checklists, best practices, metrics and governance, loosely grouped around macro
processes in an EPG system. However, technical development processes are not used
in their process planning and monitoring.
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4.2 Data Source and Techniques

The evidence for this case study is collected from multiple sources to avoid any
single-source bias. The data includes source code (for architecture reconstruction),
documentation, time sheets (for micro-process mining) and interviews.

Statistical Mining

To understand how a micro-process is affected by certain factors, we need
information about activities at the micro-level. The time sheets recorded at the
company directly provide us with this information. For example:

| Al B | ¢ |D| E | F | & | H

1 |Project TaskMo  Employee Hours Comments module epgType  activitylD
2 | 2307 41 56 7 testing and integration of the profile manager screeningTool | DD/CODE 253
3| 2307 41 56 1.5 design and coding of the User and UserHome classes screeningTool |\ DD/CODE 254
4| 2307 41 56 4 Maodify code accordingly to design changes, wrote inpu screeningTool |DD/CODE 255

From this data, we can extract recurring sequences of activities as micro-process
patterns. Our previous work has successfully performed such mining [5]. Essentially,
we reconstruct a recurring sequence of activities as a micro-process pattern.

Out of all the activities and recurring sequences of activities that we mined, we
excluded the ‘“normal” micro-process activities, such as detailed designing,
implementing, testing a single module, integration and system testing of a particular
sub-system. We then selected the most effort-wise significant micro-processes and
activities and analysed their relationship with architecture and the technical
development process. For the mining of the two projects, please refer to [6]. This
paper only includes a subset of all the mined activities and micro-process patterns that
are relevant to architecture and technical development process.

Reverse Architecting from Source Code

To understand architectural influence on micro-process, we need relevant architecture
views of a system. We associate these views with the mined micro-process. Although
very high-level architecture views exist for both projects, it was still necessary to
reconstruct views that reflected dependency and degree of dependency between
modules.

We used two tools, JDepend and Structural Analysis for Java (SA4J), to conduct
an architecture reconstruction. The aim was to reconstruct the dependency views
between components and see if the degree of dependency influenced micro-process
activities. The following is a brief summary of the each tool’s capabilities related to
dependency:

JDepend - JDepend is an open source tool which provides design metrics beyond
traditional class-level OO metrics by looking at cross-module quantitative inter-
dependency. Among the many metrics supported, the following proved to be
particularly relevant:

o Afferent/Efferent Couplings of Modules: They indicate the outgoing and
incoming dependency degree for a particular module.

e Instability of Modules: This is an indicator of module’s relative resilience to
change.
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Structural Analysis For Java (SA4J ) - SA4] is a tool from IBM for analysing Java
dependencies. The uniqueness of this tool is its transitive impact analysis and skeleton
diagrams for indirect dependency. They are different from the standard coupling
measurement and appear to be more useful in micro-process. The following metrics
are the most relevant ones:

¢ Global Butterfly: If the module is changed, it may affect many other components.

e Global Breakable: The module is often affected if anything in the system is
changed.

¢ Global Hub: The module is both a global butterfly and a global breakable.

e Skeleton: This layered view of the system is constructed by putting modules with
no dependencies on the bottom layer. Modules that are dependent on the lowest
layer appear in the above layer, and so on. In this view, a stable system should
have a pyramid shape. An unstable system may look like an upside down pyramid.

Structured Interviews

Structured interviews were used to validate our process mining findings, to avoid any
single source bias, and to get further insights. We presented micro-process patterns
that were not aligned with macro-processes documented and used through an
electronic process guidance system in the company. In the interview we elicited
causes of these deviations.

4.3 Project A: The Finance Project

Project Description

This project demonstrates the influence of architecture on micro-process. The code
base is an integral part of a series of financial products that are written in Java. The
system generates financial data which can be accessed by subscribers to the service.
The financial data produced by the application needs to be generated in an
extremely flexible manner so that it can be easily tailored to each subscriber’s
needs. The content delivery mechanism exploits XML formats and XSLT
transformations to render tailored views. The code has been refactored on several
occasions to progressively improve the design quality and functionality. It has 50k
lines of code with 296 classes/interfaces in 27 packages. It took 1600 man hours to
produce.

Reconstructed Architecture

Figure 2 shows the reconstructed module dependency view and skeleton view.
Drilling down the dependency line can reveal the degree of dependency. The skeleton
view also reflects indirect dependency. The skeleton diagram shown here particularly
depicts the dependencies of the util module. The grey squares represent classes and
interfaces in the whole system. The red (black)' squares represent the classes/
interfaces in the util package. The orange (light grey) squares represent the
classes/interfaces that depend on the wtil (red) package. For details of the
reconstruction, please refer to [3].

! Colors in braces are for black and white prints of this document.
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Fig. 2. Module Dependency Diagram and Skeleton Diagram

The tool returned a ranked list of global breakables, global butterflies and global

hubs. The top 3 modules for each of them are:

Global Breakable: Content.ViewPortfolio, Content. ViewPortfolioProfile
Global Butterfly: XMLUTtils, Debuggable, XMLSerializable
Global Hub: HomeFactory, LicenceHome, HomeManufactruable

These highly ranked modules are used in cross-checking with modules involved in

unusual micro-process activities and cost.

Data Analysis

According to our criteria for mining, we selected the most effect-wise significant
activities. Among the most costly activities (more than 30 man-hours to complete)
and recurring process patterns, the following nine have a direct relationship with
architecture. Each of them supports claims about architecture influence on micro-
processes in section 3.2. We confirmed these findings in follow-on interviews.

Conducting integration testing between two highly dependent modules [claim 2]
Designing a specific module when understanding of a highly dependent module is
needed [claim 2]

Understanding and analysing existing modules. These modules are global hubs.
[claim 1]

Refactoring at architectural level, including creating new modules that were not
previously used for task allocation [claim 1]

Cleaning up code for integration of two highly dependent modules [claim 1]
Making certain part of the Ul “smart” (dynamic rather than hand-coded) [claim 1]
Working on a logical group of dependent modules together [claim 1]

Producing cross-phase process patterns between design and implementation when
detailed design is not available [claim 3]

Extending existing open-source modules when there is a high dependency between
modules [claim 3]
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4.4 Project B: The XML Project

Project Description

This project demonstrates the influence of technical development processes. The
project developed a Java tool with XML processing capabilities. The project took
2900 man-hours to complete. We did not have access to the source code, and so the
architecture recovery tools could not be used, but a high-level system architecture
with functional decomposition was made available, and was matched against the
modules recorded in the time sheet records.

XML Technical Development Process

The following is a high-level view of the XML technical development process the
company has used. For each of the activities and sub-activities there are associated
best practices, activities and checklists. The process is largely derived from previous
work on XML process models [17].

Develop (Analyze/Design/Implement/Test) data capture module

e Create Data

e Update Data

Develop data query modules

e Server-side query module

e Client-side query module

Develop data transformation module

e Up-translate module: transform non-XML documents to XML documents
e Down-translate module: transform XML documents to non-XML documents
e Cross-translate module: transform XML documents to XML documents
Develop intermediary schemas.

Data Analysis

The criteria for the following activities or sequence of activities are the same as
before. Among the most costly activities (more than 30 man-hours to complete) and
micro-process patterns, the following seven have a direct relationship with the
technical development process. Each of them supports claims about technical
development processes in section 3.3. We confirmed these findings in follow-on
interviews.

e Create and code intermediary XSD [claim 1 and 2]

e Technology investigation and learning (even for the developers, who are
experienced XML developers, understanding certain new trends and best practices
took a significant amount of time) [claim 1 and 2]

Set up the technology environment

Develop a data update module [claim 1 and 2]

Develop a up-translate module [claim 1 and 2]

Develop a client side query module [claim 1 and 2]

Schema re-design during implementation [claim 3]

Requirement negotiation during development [claim 3]
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For example, the cost effects had a distinctive pattern: developing the cross-
translate component takes the least amount of time, while developing the up-translate
component takes the most amount of time.

5 Discussion

A number of cross macro-process phase activities were found during the mining.
They do not follow the macro-process, even considering iterations. This strongly
validates the observations on programming rework [2] which sees cross-phase rework
are much more complicated than simple redo and iteration. However, we have not yet
investigated the factors affecting rework.

In our previous work [6], we thought discrepancies were due to enactment
problems or that the macro-process needed to be changed. However, after further
study, we have found that it is due to the nature of differences between macro-process
and micro-process. Iterations on a macro-process level involve finishing one phase
then going to the next one, usually over a period of days, if not weeks. At a more
detailed level, we have observed that developers switch between phases in a unusual
order for many reasons, including:

Highly-coupled modules at different development stages

Requirements maturity for a particular module

Unique features of some technical development process

Interactions among different processes (such as generic processes, technical
development processes, quality assurance and compliant processes) at different
abstraction levels

This is especially evident in the Project B, due to the nature of XML development,
which is more about understanding the requirements and making tradeoffs in schema
development (sometimes this is even done by the customer), and incorporating
technical best practices and strong quality assurance to the normal development in a
parallel development fashion.

We realize that there are a number of limitations of this study:

1) There are actually a large number of factors, as identified in Figure 1. We only
considered two factors in this paper due to limits to the scope of our investigation. We
realize that certain factors may play a more dominant role than others.

2) Using these factors actively in process planning may be different to after-event
observation. We are planning a case study on actively investigating the use of these
factors in process planning.

6 Conclusion and Future Work

Across the industry, more sophisticated process engineering is needed. This requires
increased understanding of fine-grained micro-process and filling the gap between
macro- and micro-processes. In this paper, we investigated two major factors:
software architecture and the technical development process. We are currently
planning a new full-scale case study on using these factors in continuous
micro-process planning and monitoring. We are also developing a technical
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governance framework to be used by both management and developers for
communicating effectively.
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Abstract. The primary objective of all software engineering courses is to help
students learn how to develop successful software systems with good software
engineering practices. Various tools and guidelines are used to assist students to
gain the knowledge as much as possible. USC’s Center for Systems and
Software Engineering (CSSE) has found that the keystone course in learning
software engineering is a year-long real-client team project course. Over the last
ten years, CSSE has evolved a set of guidelines for the course, and has
experimented with early tests for creating electronic process guides for MBASE
(Model-Based (Systems) Architecting and Software Engineering) Guidelines
using Spearmint/EPG. Currently, CSSE has been developing and experimenting
with Eclipse Process Framework’s (EPF) to situate the LeanMBASE
Guidelines. This paper reports our comparative experiences of using the earlier
and current tools to generate the electronic process guidelines. In our analysis,
we used the objectives defined by Humphrey and Kellner[17] to compare the
process tools. The evaluation identifies some research challenges and areas for
future research work.

Keywords: Process modeling tools, Electronic process guide generator tools.

1 Introduction

In the keystone two-semester team project graduate software engineering course
sequence CS577ab [28] at USC, students learn through experience how to use good
software engineering practices to develop software systems from the Inception Phase
to the Transition Phase, all within a 24-week schedule. Students in the class form 6-
person teams to develop real-client software system projects. From 1998 — 2005,
students used Model-Based (Systems) Architecting and Software Engineering
(MBASE) [23] method and MBASE Guidelines as the methodology to develop their
systems. However, in 2005, the LeanMBASE replaced the MBASE in order to reduce
the documentation workload and to fit with small-sized and limited scheduled projects
by focusing on high-value activities. We are now preparing to transit the paper-based
LeanMBASE guidelines into an electronic modeling framework.

In most project course situations, students use a set of paper-based guidelines
outlining what they need to describe and do to build a system. But paper-based

Q. Wang, D. Pfahl, and D.M. Raffo (Eds.): ICSP 2007, LNCS 4470, pp. 61 2007.
© Springer-Verlag Berlin Heidelberg 2007



62 M. Phongpaibul et al.

guidelines have their limitations as they cannot be used effectively to show how a
software process works. Students just learn what they are suppose to document, but
won’t learn how a process should be applied and tailored to a project. Other benefits
of electronic-based guidelines include easy access for all users, making updated
information immediately available to all users, providing links to templates and
examples, and easier navigation of the guidelines [2],[5],[19],[24]. Thus, we have
explored using process modeling tools to teach students what a software process is.
The end result of these programs is a website that students can view to learn about the
software process. The benefit of using such tools is that it shows what the relationship
is between actors, tasks, guidance tools, and work products of a software process. In
addition, the tools allow for easier tailoring of software processes.

In this paper, we compare our experiences in using two electronic process guide
generator tools: Spearmint/Electronic Process Guide (EPG) [4] and Eclipse Process
Framework (EPF) using the criteria defined by Humphrey and Kellner [17]. The
Spearmint tool was used to model the earlier MBASE Guidelines and was used in the
software engineering classes between 2000 and 2003. Currently, we are investigating
how to use EPF to model the LeanMBASE Guidelines.

This paper is organized into 6 sections. Following this introduction, section 2.1
introduces MBASE, LeanMBASE and OpenUP including their similarities and
differences. In section 2.2, we present the overview of two process modeling tools
that are Spearmint/EPG and EPF Composer. Section 3 describes the experience
comparison between modeling MBASE Guidelines into Spearmint/EPG and
modeling LeanMBASE Guidelines into EPF Composer. The future challenges are
discussed in section 4 followed by conclusion in section 5 and references in section 6.

2 Background and Overview

2.1 Process Guideline Overview

2.1.1 MBASE and MBASE Guidelines

Model-Based (System) Architecting and Software Engineering (MBASE) is a set of
guidelines that explain software engineering principles and techniques that is used for
developing software projects[23]. MBASE shares many aspects with the Rational
Unified Process (RUP) [22], including the use of the Unified Modeling Language
(UML) [27] and the spiral model anchor point milestones [6].

From Fall 1998 to Spring 2005, MBASE had been used as guidelines for students
in the software engineering courses to develop real-client service projects. The
MBASE guidelines mainly specify the content, format and templates for 19 types of
project artifacts in various phases. [11]. The MBASE Guidelines also cover several
software tools that the students should use for various activities, such as the Easy
WinWin negotiation tool [9], effort reporting tool, risk identification tool, and USC
COCOMO 1I [8] and COCOTS [1] software cost modelling tools. To fit with the
class’s nature, stakeholders can be primarily categorized as client, maintainer, end
user, teaching staff, and development team. The development team is composed of 5-
6 on-campus students and 2 Independent Verification and Validation (IV&V)
students. The IV&V people are off-campus students who act as independent peer
reviewer and quality assurance agents.
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A major learning and grading artefact in the course is a reflective critique of the
student’s project experience. From the critiques of using the MBASE Guidelines in
our software engineering course, we found that with the limited schedule and the
small project size, the development teams spent increasingly too much time in
documenting the project artifacts. As a result, we reduced the project document size
by getting rid of unnecessary and duplicated information for light-weight projects. In
Fall 2005, the 260 pages of MBASE Guidelines were replaced with 90 pages of
LeanMBASE Guidelines.

2.1.2 LeanMBASE Guidelines

LeanMBASE is the light-weight version of MBASE, which inherits all core
approaches from MBASE such as milestones, iterative refinement, using the risk-
driven, Win—Win Spiral approach [6], all critical activities such as requirement
negotiation, risk identification and mitigation, project planning, business case
analysis, use-case driven process, risk-driven prototyping [11], and same set but
leaner version of project artifacts.

MBASE and LeanMBASE contain similar set of artifacts, but in order to enhance
traceability, LeanMBASE avoids all duplication and makes the LeanMBASE more
customizable based on project needs. LeanMBASE introduces a new artifact, which
acts as an artifact package header that contains status of the package, glossary,
traceability matrix and document tailoring information.

LeanMBASE has been used in software engineering classes at USC since Fall
2005. The result of effort report and document analysis has shown that LeanMBASE
remarkably reduced document size and time spent in their project development.

2.1.3 Open Unified Process (OpenUP)

“OpenUP” (Open Unified Process) is a revision of the iterative Rational Unified
Process for software development process that is minimal, complete, and extensible.
The process is minimal in that only fundamental content is included. The process is
complete in that it can be manifested as an entire process to build a system. The
process is extensible in that it can be used as a foundation on which process content
can be added or tailored as needed [26].

OpenUP is similar to LeanMBASE in the sense that it is leaning toward agile
approach. As with LeanMBASE, OpenUP is a combination of best practices from
both plan-driven and agile methodologies. OpenUP not only has the essential
characteristics of a Unified Process, which includes iterative development, use cases
and scenarios driving development, risk management, and an architecture-centric
approach [22], but it also contains the agile concepts such as customer collaboration,
test-first design, continuous integration, time-boxed iteration, scrum meeting and
refactoring. By combining the agile approaches into its process, OpenUP considers
itself as an agile process rather than a lightweight process [26].

2.2 Electronic Process Guide (EPG) Generator Tool Overview

Many software processes are complex. It is hard for both process engineers to capture
all the process guidelines and process performers to follow these guidelines. In order
to make the software process easier to follow, process engineers can use the formal
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language called process definition languages (PDL) to specify the process that have to
be done or they can use tools to help generate the electronic process guide (EPG).

In attempt to model MBASE/LeanMBASE, we chose EPG generator tools over
PDLs because of the limited capabilities of PDLs to represent a non-sequential
process like MBASE/LeanMBASE. For PDLs, the pre-condition, post-condition, and
the sequence of tasks have to be specified in advance. In MBASE/LeanMBASE, there
is no required sequence of tasks users have to follow. MBASE is risk-driven and in
some cases, it would be appropriate based on risks to perform the tasks in a different
order as suggested by the guidelines.

2.2.1 Spearmint/EPG (Electronic Process Guide)

Spearmint is an integrated environment for modeling, analyzing, and measuring
process [3]. The objective of Spearmint is to improve understanding and
communicating of software process. It is the tool for process engineers to model their
process and convert the process to an electronic version called Electronic Process
Guide (EPG) [25].

Spearmint provides four different views of a process model for process engineer:
product flow view, properties view, decomposition view and textual view [4]. Each
view is designed to model the different perspective of a process. For example, the
product flow view is the graphical view, which contains the relationship between
artifacts, activities, roles and tools. The properties view is for capturing the detail of a
process model element such as agent/role, activity, artifact and tool. All of the
process model elements are kept as objects in the database and to be generated to EPG
by the EPG generator. EPG generator generates a set of html files that can be
accessed through web browser [2],[3].

EPG is composed of a project main page (Figure 1) and an individual page for each
element. The project main page (Figure 1) provides lists of all the activities, artifacts,
agents (roles) and tools. All the process model elements are displayed as hyperlink to
its individual page [4].

2 hiLp:dfcsse. usc.edu - Process Explorer - Microsofl Internel Explorer
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Fig. 1. A project main page of MBASE 577 process guide
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2.2.2 EPF Composer (EPFC)

EPF Composer (EPFC) is a process-management tool platform [16]. It also provides
the extensible process framework (called OpenUP as described in 2.1.3) for authoring
and tailoring. There are two main objectives of EPF. The first objective is to provide
a central knowledge base to the process performers. All of the pr