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1 Introduction

In Sweden a major reorganization of the Swedish Armed Forces (SWAF) is ongoing since the
beginning of the early 1990’s. The objective is an organization that is cost effective by being
flexible and adoptable to the new tasks and challenges that the SWAF has to meet. To be able
to perform command and control in this new organization a new C-system is required, in
which a modern information technology will be an important component. However, to be able
to develop such an extensive information system an architecture framework is required. This
architecture framework has to be based on the goals and requirements that constitute the
foundation for the C*-system. To identify the requirements relevant for the development of
the architecture framework a process for determining those requirements is needed. For this
purpose a process for elicitation of architecture driving requirements was developed, which is
called the Quality driven process for the requirements elicitation.

In this report, the quality driven process for the requirements elicitation used for derivation of
architecture driving requirements is presented. To put the process in a context, a short
introduction of requirements engineering is presented. Thereafter, the quality tools applied in
the process and the quality driven process for requirements elicitation are presented.

2 Requirements Engineering

Requirements engineering refers to the activity in system development related to exploring
needs and determining requirements. The aim is to specify what the systems should
accomplish rather than how it is performed [1]. In the early era of requirements engineering,
the focus was on the functional requirements and to formalize them in a requirements
specification. Today, there are numerous approaches for requirements engineering, where also
the non-functional requirements are given increased attention [2].

A difficulty in requirements engineering is how to reveal stakeholders’ needs since they
seldom are capable of expressing them in clear need formulations. Instead, they will provide
descriptions of problematic situations that they have experienced, technical solutions that they
believe can be useful et c. In quality approaches, such as Total quality management (TQM)
and Quality function deployment (QFD) those descriptions are referred to as the voice of the
customers [3]. In this approach, the concept of statements is used instead of the voice of the
customers, since the term customers could be misleading. Statements are expressed by
stakeholders or someone else as an observation, assumption or a remark of interest for the
development of the future system. They can include descriptions about the stakeholders, the
actual or wanted situation of use, experienced problems, business goals, and visions about the
future system. A statement could be anything that can be used to reveal needs.

A need represents a lack of something required, desirable, or useful. It should be expressed
from the point of view of the businesses, organizations and/or users that are the target of the
development. Since those statements not only consist of needs, they must be cleaned, so that
the actual needs are identified. When the actual needs have been determined, they can be used
as a source for identification of requirements. Requirements are formulated as demands or
restrictions on the future system. For instance, the system shall provide a specific
functionality or the system shall have a specific feature.
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Table 1: An example of how the VCT could be used.

Statement Who | What | When Where Why How Need
Methods shall The Give |Allthe |Every- To get Support for
support and make |onein |order |time where things giving
possible that charge done orders

assignments are
given in form of
orders

Another difficulty in requirements engineering is related to the requirement traceability
problem. There are several reasons for the necessity to trace requirements from their origin to
design features and vice versa [4]. In larger information system development projects, several
categories of stakeholders are affected by the design, and the different categories of
stakeholders have different opinions of which functionality and features the system should
have. Unfortunately, it is not possible to meet all specified requirements. Therefore,
prioritization of requirements is necessary so that the most prominent functions and features
will be implemented [5]. It exists several approaches for prioritization of requirements.
However, they are not covered in this report.

3 The Quality Driven Process for Requirements Elicitation

The purpose of the quality driven process for requirements elicitation is to ensure that the
actual needs of the stakeholders are identified and constitute the foundation for the
determination of the requirements. Prerequisites for the process are access to relevant data
that could be relied upon and participation of persons that are able to interpret this data. This
section describes the tools and process of the Quality driven process for requirements
elicitation as it was used for derivation and structure of high level architecture driving
requirements.

3.1 Quality Tools

This section presents the tools included in the Quality driven process for requirements
elicitation. The tools are; the Voice of the customer table (VCT), Affinity diagram, and
Hierarchy diagram.

3.1.1 The Voice of the Customer Table (VCT)

The Voice of the customer table (VCT) (Table 1) is a tool for analysis of statements to reveal
the actual needs [6]. There exist two different types of VCT, which could be used in
sequence. The first is used to determine the needs, and the second for selection of solutions.
In the process presented here, only the first VCT is used. The VCT can be used in
participatory design projects to bridge the terminology gap between the user representatives
and the professional developers of the design team. Although the work on the VCT can be
experienced as time-consuming, the time is well spent when it comes to transforming the
needs to requirements [3]. The VCT is a key tool for the qualitative analysis of the statements.
The VCT constitutes an eight-column table; in the first column the captured statements are
inserted, each for one row. The following columns describe an analysis of who asked for it,
what do they want to do with it, when do they want to do it, where would they like to do it,
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why would they do it, and 4ow would they do it. Then the last column for the need can be
filled in, hopefully with a correct understanding of what the statement really implied. In the
Quality driven process for requirements elicitation proposed here, a minor modification is
made, since an extra column for architecture driving requirements is included.

3.1.2 Affinity Diagram

It is common that a large number of entities (e.g. needs or requirements) are identified.
However, to be manageable the number of entities must be limited. The entities can also be at
different levels of abstraction, which also has to be handled. Duplication of entities,
sometimes formulated differently, must be identified and removed. Therefore, the entities are
scrutinized and categorized in affinity diagrams (Figure 1), which are created in a bottom-up
procedure [7]. First, the entities are grouped in categories consisting of related entities. If
necessary, an entity can be split into several sub-entities and duplicates are removed. The
entities on a conceptually higher level can function as names for categories, thereafter the
categories are grouped with similar categories.

Security |
. Information
Encryption
zones
Handle .
. Surveillance
access rights

Authentification

Figure 1. An example of an Affinity diagram.
3.1.3 Hierarchy Diagram

Hierarchy diagrams (also called tree-diagrams) is a notation used to display the entities and
their relationships graphically (Figure 2). The notation provides an overview of the entities,
categories of entities and the relationship between them, which is useful for review,
restructuring, and final adjustments. The aim is to create a structure of mutually independent
entities, where the entities on the same hierarchic level are at the same level of abstraction.

3.2 Process

This section presents the Quality-driven process for requirements elicitation. The
prerequisites for the process are a number of data sources or data in which statements can be
found that implicitly include the needs of a future system. Participation of stakeholder
representatives that take active part in the work is useful, especially when it comes to the third
and vital step in the process of determining the needs. To provide traceability between data
sources, statements, needs and architecture driving requirements is essential. To visualize this,
extra columns are inserted in the tables. The outcome presents the relationship between
statements, needs and architecture driving requirements. The Quality driven process for
requirements elicitation includes the following activities; (1) Data collection, (2) Identify
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statements, (3) Determine needs, (4) Analysis of needs, (5) Determine architecture driving
requirements, and (6) Analysis of architecture driving requirements.
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Figure 2: An example of a Hierarchy diagram.

3.2.1 Data collection

The objective of the data collection is to collect data about stakeholders, use cases, context of
businesses, business goals, the future systems et c. For this purpose, several operational
methods are possible, e.g. interviews, workshops, participatory observations, questionnaires,
and document studies. Different data collections methods have different strengths and
weaknesses. Hence, it is of advantage to use combinations of data methods. For instance,
interviews provide rich information, which makes it possible to get a deeper understanding.
Meanwhile, using questionnaires means that data could be acquired for a larger population.
However, since the answers cannot be as detailed as during interviews it is of advantage to
have participation of stakeholder representatives when interpreting the answers.
Understanding the answers requires an understanding of the language and formulations of the
population. The best approach is to use both qualitative data (e.g. acquired through in-depth
interviews) and quantitative data (e.g. acquired through questionnaires), since together they
provide both a wide and deep basis for determining the needs. The outcome of the first step is
textual descriptions, e.g. about the stakeholders, the actual or wanted situation of use, and the
future system.

3.2.2 Identify statements

The objective of the second step is to identify statements that contain information of interest
for the specifying of the requirements. The identification of statements is performed by

10
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careful reading through collected data, i.e., text documents, and identifying relevant
statements. Performing this task, knowledge about the domain is of advantage for the
selection of statements. The outcome of this step is a set of statements.

3.2.3 Determine needs

The objective of the third step is to determine a set of needs, based on the identified
statements. For this purpose an analysis is performed based on the VCT. The use of VCT
should be seen as support for this analysis, and all columns do not necessarily have to be
filled in. The outcome of this step is a set of needs.

3.2.4 Analysis of needs

The objective of the fourth step is a structured set of mutually independent needs. The first
part of this analysis is performed based on affinity diagrams, where the needs are categorized.
The categories are then divided into more specified categories, until a coherent structure is
achieved. During this analysis duplicates are removed and need formulations are improved. In
the second part of the analysis, the structure of needs is viewed as a hierarchy diagram used to
perform a final adjustment of categories and to find probable cases of missing (not explicitly
expressed) needs. If a need is found to be missing, it is inserted into the structure. The
structure should be arranged so that needs on each hierarchic level is at the same level of
abstraction. The outcome of the fourth step is a hierarchic structure of needs.

3.2.5 Determine architecture driving requirements

The objective of the fifth step is to determine a set of architecture driving requirements, based
on the identified needs. The architecture driving requirements are identified based on a
detailed analysis of the needs. Several architecture driving requirements have already been
identified during the analysis of statements with the VCT. Those architecture driving
requirements are used as an inspiration to determine requirements based on the needs. The
outcome of this step is a set of architecture driving requirements.

3.2.6 Analysis of architecture driving requirements

The objective of the sixth step is a structure of mutually independent architecture driving
requirements. The first part of this analysis is based on affinity diagrams, in which the
architecture driving requirements are categorized. The categories are restructured into more
specific categories, until a coherent structure is achieved. During this activity, duplicates are
removed and formulations are improved. In the second part of the analysis, the structure of
architecture driving requirements is viewed as a hierarchy diagram to perform a final
adjustment of categories and to find missing architecture driving requirements. If architecture
driving requirements are suspected to be missing, they are formulated and inserted into the
structure. The outcome of the sixth step is a structured set of architecture driving
requirements.

3.3 Outcome

The outcome from the quality driven process for requirements elicitation are;
e The voice of the customer table

e The set of structured needs

e The set of structured architecture driving requirements

11
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e Traceability between data source, statements, needs, and architecture driving
requirements.

If the process is applied under given prerequisites the achieved architecture driving
requirements will be of high quality.
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