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Abstract

As complex sets of textual requirements grow large,
hard challenges arise on how to visualize and
characterize them as well as how to develop and
maintain sustainable information architectures. This
thesis plan summarizes on-going and planned studies
that are carried out in an action research mode in
close collaboration with industry in a product-line
engineering context. Both descriptive and prescriptive
research isincluded as well as a mix of qualitative and
guantitative investigations. The main envisioned
contributions are better understanding of the
scalability of existing reguirements engineering
technology as well as new prototyped and validated
technology for management of very large sets of
requirements.

1. Introduction

The complexity and size of software-intensive
systems continues to increase, which in turn gives
increasingly large and complex sets of requirements.
Some industrial cases present evidence of tens of
thousands of textual requirements. This order of
magnitude is denoted Very Large-Scale Requirements
Engineering (VLSRE) [1]. Our main research question
iss How can we better understand and support
VLSRE? This genera question is further refined in
collaboration with process owners and line managers
at Sony Ericsson (one of the world's leading mobiles
phones developers), resulting in this thesis plan
reaching from 2007 until 2012. We have a so based the
research plan on the expressed need of further research
on tools and methods for visualization of requirements
[7]. In general, we experience a growing demand from
industry to handle bigger and more complex

requirements sets, as aresult of the ever increasing size
of software-intensive systems[6][1].

The set of requirements information is becoming so
large and complex that the classica document
structures can not cope with it. Hence, there is a need
for defining and managing a sustainable requirements
architecture: a well-designed structure of requirements
information that people can develop, manage and
interact with effectively and efficiently without quality
deterioration or overloading [14]. The requirement
architecture should also cope with the added
complexity of multiple product lines and multi-
platform-based development that Sony Ericsson is
facing [1, 8, 11]. In this context the need of having
sustainable, stable but yet flexible requirements
processes and tools is a key for succeeding in this
rapidly changing industry. The ability to manage and
visualize requirements dependencies and their impact
on various parts of the projects and products is critical

[2].
2. Main research questions

The general research question is described in [1]
and is stated as follows: “Can we beat the complexity
of very large scale requirements engineering?’ Based
on a preliminary literature study and initial results
from an interview study with Requirements Architects
(see Table 1 for more details) we have indentified
three refined research questions:

e How to avoid the information overload in
VLSRE and how to create sustainable
requirements architectures (by reguirements
architecture we mean the structure and
semantics of the requirements information in its
usage context including people and processes)?

e How to fight the combinational explosions? —
Thisis especially important in the context of



Table 1. Research plan, questions and methodology

Areasand Start: Questions M ethodology Status
actions 09.2007
Study 1 | What isthe current status of empirical Literature study | Ongoing
L research about management of quality using systematic | Aninitial set of 2805 articles
9% attributes and dependencies among review approach | was evaluated by title and
—l requirements? [13] abstract.
> How is scalability addressed in reported We are currently assessing
o) empirical evidences? the empirical quality of 88
© aticles using a quality
f= checklist. [13]
‘% Study 2 | What is the efficiency of the currently | Replication of Ongoing
used requirement management | Experiment in An experiment has been
m commercial tool in the task of finding | Regquirements executed, data have been
S duplicates in two requirements sets? Consolidation [3], partly analyzed, a first draft
= How the efficiency compares to a | [12] has been written.
% prototype tool that uses linguistic
o support to fin similar requirements?
Study 3 | What are the key issues in working | Qualitative Ongoing
g with tens of thousands requirements | Interview study An interview study has been
c and which issues should be addressed | with Requirements | executed, data have been
'_i; first? Architects at Sony transcribed and analyzed.
= What is does it mean Requirements | Ericsson [4] Initial results were presented
g Architecture? and evaluated at internal
7)) What does it mean architecting meeting at Sony Ericsson
Ll requirements?
Milestone A Submission of paperson step 1-3 Autumn 2008
Study 4 | What are the key quantitative attributes | Visualization and Planned
of VLSRE and their dynamics over characterization of
time? very largereq. sets
Which attributes impact the quality of through statistical
the requirements process most and methods and
S prevents the methods and tools from measuring the
5 'g S scalability? dynamics aspects.
S © = (Case Study)
}9 5 @ Study 5 | How do the variability and | Variability and Planned
o= 5 configurability data models impact | Configurability in
% ‘,5 5 dependencies in tens of thousands | context of very
o c__d o+ requirements set? large requirements
B 7 ] Which configurability and variability | sets (Case Study)
Fs 6 processes and models can strive with
the diversity of VLSRE?
Milestone B Licentiate thesis Spring 2010
Study 6 | How to improve visualization of the | Prototyping Planned
g’ enormously  complex mass  of | visuadization and
S requirements and dependencies among | characterization of
o them? very large req. sets
'8 S D Do we really need to rely on tables and | through statistic and
8 £ o) tree lists? measuring the
= O dynamics.
8 8 O = | Study 7 | How to improve current tools and | Prototyping Planned
g__g 8 E methods for modeling requirements | variability and
O® O architecture in order to achieve robust | configurability
Do Ltnm and flexibility required by VL SRE? support for VL SRE.
5 < T Study 8 | Empirical evaluation of proposed | Empirical software | Planned
os>=> solutionsin steps 6 and 7 eng. methods. [10]
Milestone C Doctoral Thesis Autumn 2012




inter-dependencies and leads to the question of
effective requirements abstractions that are high
enough to avoid unnecessary details but
comprehensive enough to be relevant for the
tasks that rely on the information.

e How to avoid over-scoping? — Large sets of
stakeholders are demanding high quality
products and solutions which may results in a
shortage of resources. By visualizing the impact
of dependencies on the decisions we can am
for an efficient alocation of limited resources
[9].

As along term goal we would like to address the
following questions, which are related to the
previously stated research issues:

e How can current tools in Requirements
Engineering be strengthened in order to help to
manage tens of thousands of requirements?

e Which processes or methods if any fit best to
the scale of tens of thousands of requirements
and how to design processes, methods and tools
with a good trade-off between flexibility and
scalability?

By trying to address the previously described
problems we aim at making a significant contribution
to the exploration of VLSRE. The results may help
companies, which either are currently experiencing a
switch from medium to large scale RE or have already
passed the transformation and are facing results of
VLSRE.

3. Resear ch methodology and plan

Currently the research is in the advanced beginning
phase. The area has been established, first research
projects have executed and they are now in a reporting
phase. Our research plan consists of three main phases:
exploratory empirical studies, prototyping of new
technology and case studies for validating of results.

As described in Table 1 the first phase that is
amost completed is a descriptive exploratory
interview study with Requirements Architects at Sony
Ericsson [4]. The aim for this qualitative study is to
define key issues in working with enormous masses of
requirements by the same time empirically describing
the terms requirements architecture and requirements
architecting. In parallel with the interviews we are
performing a quantitative literature study using the
systematic review approach [13]. The aim of this study
is to find empirical evidence in current research about
the management of quality attributes and dependencies
among requirements. The research is currently in the
phase of assessing the quality of selected paper by

using a quality checklist [13]. The third ongoing
research study is an extended replication of an
experiment on linguistic tool support in finding similar
requirements [3][12]. The goal of the experiment is to
empirically investigate potential benefits of extending
current commercial requirements management tools by
linguistic support for finding similar requirements. The
experiment has been executed and data is being
analyzed.

In the next phase we plane to work with
prototyping of new tools for visualization and
characterization of very large requirements sets. We
are currently working on defining key quantitative
attributes of requirement sets and ways of visualizing
their dynamics over time. As a next study in this
phase we plan to prototype new models for
configurability and variability models that can handle
thousands requirements.

Finally we plan to pilot and empirically evaluate
the proposed technology from the previous steps. In
this phase we will conduct case studies at Sony
Ericsson to validate our results on rea requirements.
We believe that the nature of the requirements
engineering in the mobile phones industry may play an
important role in the investigation of future aspects of
VLSRE.

Since the research will be conducted in mixed
teams of researchers and practitioners the methodol ogy
of action research is applicable [4]. In this approach
practitioners inform research about current issues and
at the same time researchers apply their theories to
practice. The term originates from social science but
many studies confirmed its applicability to the field of
information systems [5]. We have decided to use
following references as most important: [1, 2, 3, 4, 6,
7,10, 11, 12, 14].

4. Expected contributions and approach
used for validation

We are expecting to significantly contribute in
increasing the productivity of  requirements
engineering of very large requirements set. In
particular we would like to make it easier to find
duplicates, visualize relationships and characterize the
quality of large requirements sets. Our initia results
from an interview study revealed a strong need of tools
and methods to support the previously described
aspects. As along term goa we would like to create
tool support for managing thousands of requirements
that can provide novel visualization technology and
management approaches.
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