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ABSTRACT

This document specifies and prescribes the user-centred requirements engineering process,
known as the RESCUE requirements engineering process. This process was originally
designed for and implemented within the CORA-2 project. It is now presented for use in
supporting the specification of requirements for a number of different projects within Eurocontrol.

The purpose of the RESCUE process, when applied in the context of a new project, is to guide
the project’s requirements engineering team to deliver a complete, correct and testable
specification of requirements for a future system. It recognises real-world constraints on the
process, and also supports the analysis of current work practices to inform the change that will
arise from the introduction of the new system. In addition, it uses creative design processes to
generate additional requirements and to underpin these requirements with high-level design
alternatives.

The RESCUE process consists of a number of sub-processes, organised into 4 ongoing
streams. These streams run in parallel throughout the requirements specification stage of a
project, and are mutually supportive. The streams focus on the areas of:

• Analysis of the current work domain using activity modelling;
• System goal modelling using the i* goal modelling approach;
• Use case modelling and specification, followed by systematic scenario walkthroughs

and scenario-driven impact analyses using the CREWS-SAVRE and CREWS-ECRITOIRE
approaches;

• Requirements management using VOLERE implemented in Rational’s requirements
management tool RequisitePro.

In addition to these four streams, the RESCUE process uses

• Creative design workshops using models of creative and innovative design

to discover candidate designs for the future system, and to analyse these designs for fit with the
future system’s requirements. The creative design workshops have implications for all streams,
using inputs from activity modelling, system goal modelling and use case modelling, and
providing outputs relevant to further use case modelling and requirements management.

This document describes each of the sub-processes identified above in some detail, in order to
provide a solid basis for guiding the Eurocontrol requirements team in applying the RESCUE
process.
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CHANGE HISTORY

Significant changes between versions of this document are listed below. Note that minor
typographical changes are made, as needed, on an on-going basis.

New in Version 3.0:

• A new model of the RESCUE process was integrated into the document, reflecting lessons
learnt in applying the process to the CORA-2 project.

• Chapters were re-ordered and renamed in line with the new model of the process.
• Revisions were made in all chapters to reflect lessons learnt in applying the process to the

CORA-2 project.
• A glossary of key terms was added.

New in Version 3.1:

• Chapter 7 has been significantly revised and restructured to bring the use of scenario and
use case terminology more into line with the UML definitions of these terms.

• The use case template shown in chapter 7 has been updated to reflect lessons learnt in the
CORA-2 project.

• Some additional pre-requisites for successful completion of the RESCUE process have
been stated in chapter 1.

• Minor changes throughout the document.

New in version 4.0:

• Additional information about the synchronisation checks which need to be carried out at the
end of each stage in RESCUE has been added (see sections 1.5.5 and 2.7).

• Chapter 4 has been slightly restructured, and a new section on ‘Practical Guidance’ has
been added, with some suggestions as to how data from the activity modelling stream may
usefully be structured (see section 4.9).

• Substantial practical guidance on use of the i* modelling technique has been added at
various point in chapter 5.

• The section on developing a context model has been moved from chapter 6 to chapter 5 to
more accurately reflect the place of that work in the RESCUE process. Material has also
been added on stakeholder analysis and the use of an extended context model (see
section 5.1).

• Some additional use case content guidelines have been added (see section 7.6.2).
• The RESCUE requirements shell (figure 10-2) has been updated in line with current practice

in the RESCUE process.
• The list of available requirements types and their tags (see section 10.3 and the glossary)

has been updated in line with current practice in the RESCUE process.
• The description of the way in which requirements are associated with elements of the

RESCUE use case template (see section 10.4) has been updated to more accurately
reflect current practice.

New in version 4.1:

• Section 4.9, offering practical guidance on the structuring of data in human activity
modelling has been slightly modified in line with experience gained on the DMAN project. In
particular, the human activity description template has been updated.

• In chapter 5, a short section on the REDEPEND i* modelling tool has been added.
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• Chapter 6 has been rewritten as an account of a creativity workshop which was run for the
DMAN project, in order to give readers a more concrete feel for what such a workshop
entails.

• In chapter 7, the list of style guidelines for writing use case descriptions has been updated
(see section 7.6.2)

• In chapter 8, new material has been added concerning the latest version of the
ScenarioPresenter tool, and guidelines on facilitating scenario walkthroughs have been
updated following experiences in the DMAN project.

• Chapter 9 has been completely re-written to provide a more streamlined and soundly-based
process for conducting an impact analysis.

• Chapter 10 has been restructured and new material has been added on writing measurable
fit criteria, dealing with system level requirements, implementing the quality gateway, and
tailoring a requirements management tool to support the RESCUE process.

• The list of allowable requirements types in RESCUE has been updated: the type ‘Back-Up
requirements’ has been replaced by the type ‘Recoverability requirements’.

• The definition of the RequisiteWeb requirement database structure created for DMAN has
been added as an appendix, as it may be reused in future projects applying the RESCUE
process.

• The input and change request procedure created for DMAN has also been added as an
appendix, as this too may be reused in future projects applying the RESCUE process.
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1. INTRODUCTION

This document describes the RESCUE (Requirements Engineering with SCenarios for a User-
centred Environment) requirements engineering process, which is presented for use in
supporting the specification of requirements for a number of different projects within Eurocontrol.
It is a prescriptive method document which is intended to guide and instruct the requirements
team throughout the requirements engineering process.

For examples of how the process may be applied, readers are referred to Maiden and Jones
(2003), which includes a complete worked example, based on the case study of a system for
displaying information about expected bus arrival times at bus stops.

1.1. BACKGROUND

The development of the RESCUE requirements engineering process arose from e-mail and
telephone discussions and 3 site visits in 2000 (2 EuroControl visits to London, 1 City University
visit to Paris) to undertake research to develop a state-of-the art outline requirements
engineering process for the CORA-2 ATM system. As a result of these discussions and visits,
City University proposed to develop a user-centred requirements engineering process for the
CORA-2 system (initially referred to as the CORA-2 requirements engineering process) using its
extensive experience in requirements engineering and task analysis. The process, which is now
available for use in supporting the specification of requirements in a range of projects within
Eurocontrol, is now referred to as the RESCUE process.

1.2. OBJECTIVES FOR THE RESCUE PROCESS

The RESCUE requirements engineering process is intended to be used by the Eurocontrol
requirements team in specifying requirements in a range of projects.

At present, we understand that it should:

• support the requirements engineering process for D-MAN in all Eurocontrol states; and
• deliver processes and techniques that encourage stakeholder involvement throughout the D-

MAN requirements process, in order to deliver a D-MAN solution that controllers will value
and trust, and therefore to increase the likelihood of D-MAN solution acceptance.

Furthermore, we anticipate that the application of the RESCUE process in the D-MAN project
will provide the requirements engineering blueprint for follow-on A-MAN and MSP projects within
Eurocontrol. Therefore, another objective of this work is to ensure effective transfer of
requirements engineering knowledge from City University to Eurocontrol such that Eurocontrol
have self-sufficient requirements engineering processes upon delivery of the D-MAN process.

1.3. DELIVERABLES

There will be 2 basic deliverables from the proposed work:

• A series of reports, in various forms, that will describe the recommended RESCUE
requirements engineering process and that will evaluate its effectiveness (the process will
define methods, techniques and commercial and prototype software tools) as well as
identifying changes to the process that result from the evaluation;
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• Education and training about the RESCUE requirements engineering process, in the form of
lectures, tutorials, exercises and hand-hold use of the process during the initial stages of
the D-MAN project, with the potential for lectures, tutorials and exercises to be reused
during the follow-on A-MAN and MSP projects.

1.4. SCOPE OF THE PROCESS

The RESCUE requirements engineering process, when applied effectively, will increase the level
and improve the quality of stakeholder involvement in the requirements engineering process, and
deliver requirements which are more complete (with respect to what the stakeholders say is
needed), more correct (in themselves), more testable, more traceable and with greater coverage
of events in the ATM domain. The following high-level requirements activities are, however,
outside the scope of the process:

• Negotiation between different stakeholders about requirements specified in the requirements
specification;

• Detecting inconsistencies between requirements is also beyond the scope of the process,
as this was not part of the CREWS-SAVRE process remit;

• Safety case analysis and hazard analysis undertaken as part of the CORA-2 process.

Furthermore City University retains control over the use of the CREWS-SAVRE’s scenario
generation functions. During the application of the RESCUE requirements engineering process
City staff will provide support to generate candidate scenarios for the Eurocontrol requirements
team from the relevant requirements specifications.

1.5. OVERVIEW OF THE PROCESS

The Centre for HCI Design draws on its extensive research and application experience to
propose a user-centred requirements process that will meet the needs of requirements teams
within Eurocontrol. We recommend, in keeping with state-of-the-art practices, that Eurocontrol
see their future systems as socio-technical systems that involve people as well as software,
and consequently the design process must design people’s activities as well as the software
systems that support people’s work.

The RESCUE requirements engineering process integrates a number of key activities into a
novel and coherent user-centred requirements engineering process. The process consists of a
number of sub-processes, organised into 4 ongoing streams. These streams run in parallel
throughout the requirements specification stage of a project, and are mutually supportive. The
streams focus on the areas of:

• Analysis of the current work domain using activity modelling (see chapter 4);
• System goal modelling using the i* goal modelling approach (see chapter 5);
• Use case modelling and specification (chapter 7), followed by systematic scenario

walkthroughs (as described in chapter 8) and scenario-driven impact analyses (see
chapter 9) using the CREWS-SAVRE and CREWS-ECRITOIRE approaches;

• Requirements management (see chapter 10) using VOLERE implemented in Rational’s
requirements management tool RequisitePro.

In addition to these four streams, the process uses

• Creative design workshops using models of creative and innovative design (see chapter
6)
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to discover candidate designs for the future system, and to analyse these designs for fit with the
future system’s requirements. The creative design workshops have implications for all streams,
using inputs from activity modelling, system goal modelling and use case modelling, and
providing outputs relevant to further use case modelling and requirements management.

An overview of the RESCUE process is shown in schematic form in Figure 1-1.

One important characteristic of the process as a whole is concurrent and iterative requirements
engineering and high-level system design. The process is best viewed in terms of a number of
concurrently evolving models: the model of human activity; the context, system dependency
and system rationale models arising out of i* modelling activities; the developing use case
descriptions; and the growing requirements specification held in RequisitePro. Each type of
model informs the development of the others to ensure that the resulting requirements
specification is complete, correct and well-structured.

The remainder of this chapter describes the key components of the process, and the way in
which they are integrated and managed. Each component of the process is described again, in
overview, in chapter 2, and presented in more detail in the following chapters.

1.5.1. Key Prerequisites

In order for the RESCUE process to run smoothly and effectively, certain key prerequisites need
to be in place from the beginning of the project.

First, it is essential that key team members responsible for different streams have at least a
good appreciation of the activities in, inputs from, and any need for output to other streams.
Likewise, key members of the project (such as the project manager and technical manager)
should have a solid understanding of all aspects of the process.

It is also recommended that the process should be initiated by holding a formal project initiation
meeting which will:

• Involve all key team members and significant stakeholders;
• Plan major activities and stakeholder involvement in each of the major sub-processes;
• Establish channels of communication between stakeholders; and
• Establish responsibility for carrying through each of the RESCUE process streams and

concurrent sub-processes, as well as producing key deliverables such as:

- System context models (see chapter 6);
- i* strategic dependency and strategic rationale diagrams (see chapter 5);
- UML use case models as use case diagrams and use case descriptions (see chapter

7);
- The CREWS-SAVRE scenarios produced to inform scenario walkthroughs (see chapter

8);
- Workshop reports from synchronisation, sign-off, creative design and scenario

walkthrough workshops (see chapters 2, 6, and 8);
- The human activity model for the current system (see chapter 4);
- The RequisitePro requirements database, which provides the baseline for the

Operational Requirements Document (see chapter 10);
- The Operational Requirements Document itself;
- Scenario-led impact analyses based on the Operational Requirements Document (see

chapter 9).
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It is also essential at this stage to ensure the availability of sufficient domain knowledge,
preferably by planning the involvement of a number of domain experts who will participate in key
activities as described below.

1.5.2. Support for Requirements Acquisition

A number of the important sub-processes within the activity modelling, system goal modelling,
and use case modelling streams involve basic data gathering and requirements acquisition. To
support the requirements team in choosing appropriate techniques for use in each of these
contexts, we recommend the use of the ACRE framework of requirements acquisition
techniques first reported in Maiden & Rugg (1996). This will be discussed further in chapters 2
and 3.

1.5.3. Key Components of the Process

1.5.3.1. ACTIVITY MODELLING

The implementation of a new system will bring about a change in air traffic management
practice. To manage this change it is imperative to determine, analyse and understand the
baseline in terms of the tasks that ATCos will undertake, the social and work environments that
ATCos will undertake these tasks in, and possible constraints on the effective change of this
environment. Traditional systems analysis methods recommend that a team models the current
environment first, then identifies changes to this environment, and these changes become the
requirements for the future system. However such a sequential process can constrain possible
innovative requirements and other high-level design ideas. Therefore, the RESCUE requirements
engineering process recommends that human activity and work context modelling should take
place in parallel with, and inform the system goal and use case modelling streams. User goals,
constraints, activities and communication are all modelled to support the design of a new
system to meet these goals within the constraints that exist. Human activities modelled are
often equivalent to scenarios but place more analytic focus on the user’s cognitive needs and
social communication between users and other people. Centre staff have over 10 years research
and application experience with task analysis. We recommend that Eurocontrol adopt a task
and activity analysis approach as part of its user-centred requirements process, and that this
should be integrated with other activities in the RESCUE process so that there is a seamless
interface between the system requirements and human factors work.

1.5.3.2. SYSTEM GOAL MODELLING

Requirements engineering requires a systems development team to make decisions about
different candidate system and user-interface designs. More often than not, the final design is a
compromise that satisfies most of the important system goals most of the time. System
designers often have to make trade-off decisions between, for example system performance and
maintenance, or between usability and security. Therefore, to make informed decisions it is
essential to model the system’s goals, dependencies between these goals, and dependencies
between these goals and different user tasks. We recommend to use the i* goal modelling
approach from the University of Toronto. We have adapted the i* approach and developed an in-
house modelling tool (REDEPEND) that enables a team to construct and validate models. The
resulting i* models provide a solid foundation for decision-making during user-centred
requirements engineering processes.

1.5.3.3. CREATIVE DESIGN WORKSHOPS
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Although the process aims to deliver a requirements specification that is independent of
possible design solutions, the process that delivers this document must also consider high-level
design decisions, for example, to determine possible boundaries for the socio-technical system.
Most requirements engineering methods ignore design decisions rather than addressing them
directly, and the result is often that high-level, ill-founded decisions are made during the
requirements engineering process and constrain the resulting requirements specification in
unintended and uncontrolled ways. Instead, to avoid this, the RESCUE process defines a
separate activity in which high-level designs can be identified, brainstormed, analysed and
decided upon during a series of carefully-controlled creative design workshops. We believe that
requirements engineering is increasingly a creative process in which stakeholders and
designers work together to create ideas for new systems, then express these ideas as
requirements that envision these new ideas. For example the requirement statement “The
system shall use suitable audio cues to inform the controller of a conflict”, taken from
requirements for a future air traffic control system, is the result of creative thinking about where
and how noise might be usable in system-controller interaction. As requirements practitioners
and researchers we should admit, and indeed celebrate, the fact that one of the most important
characteristics of requirements engineering is creative thinking. Indeed, the importance of
creative thinking is expected to increase over the next decade. In this process creative thinking
is encouraged in planned design workshops, the purpose of which is to create short-term
“greenhouse” environments in domains that are traditionally more systematic and ordered. We
design each workshop to support 4 essential processes (preparation, incubation, illumination
and verification) in creative thinking.

Use cases can be utilised in all phases of the design workshops, providing a common ground
for discussion and enabling the exploration of domain knowledge as well as domain independent
knowledge.  Employing use cases along with design ideas ensures that a clear understanding
of the system in question can be reached. Use cases, which usually describe systems
behaviour only, can in this case be used to explore the design ideas raised within the creative
workshop for the proposed system, or to highlight weaknesses by specifying sections of the
current system in context.

The creative design workshops have also led to the extensive use of storyboards to deliver
candidate design alternatives. Storyboards are an effective technique to use alongside
scenarios to discover additional requirements.

1.5.3.4. USE CASE MODELLING, SCENARIO WALKTHROUGHS
AND IMPACT ANALYSIS

A major stream of activity within the RESCUE process involves the development and use of use
cases and scenarios.

Use cases provide an effective mechanism for structuring requirements for interaction with the
future system. In the RESCUE process, we have extended traditional views on use case
modelling to improve the effectiveness of requirements specification activities. We extend
traditional notions of use cases with techniques from CREWS-ECRITOIRE and CREWS-
SAVRE to provide a better baseline for effective requirements specification. Use case models
using UML notation are cross-referenced against i* models to ensure their completeness and
correctness. Use cases are structured with tried-and-tested templates that enable functional
and non-functional requirements to be integrated into each template. CREWS-ECRITOIRE
authoring guidelines are followed to impose a consistent syntax, structure and level for each
use case. The selected high-level designs from the creative design workshops provide the basis
for specifying the boundaries between the future system, its users and its adjacent systems.
Use cases, once completed, are imported into CREWS-SAVRE for scenario generation and
subsequent scenario walkthroughs to discover a complete set of requirements with respect to
these use cases.
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Scenarios are an essential technique for decomposing and refining high-level system goals into
more measurable and testable requirements. In simple terms, scenarios are descriptions of how
the future system should work - each scenario describes the behaviour of users and the future
system, interaction between the two, and the wider context of use. As well as improving
requirements acquisition, validation and communication, scenarios enable us to specify testable
requirements because they define the specific contexts in which the requirements must be
satisfied. Scenarios also support requirements decomposition by linking use cases and
requirements to each other.

Over the last 5 years the Centre has developed CREWS-SAVRE, a software-supported process
for systematic scenario generation and use to discover lower-level requirements such as look-
and-feel, usability and training requirements. CREWS-SAVRE generates scenarios from the
structured use cases developed with the CREWS-ECRITOIRE approach. It provides guidelines
for the requirements team to write a use case specification from current requirements in a
document. From this specification, CREWS-SAVRE then automatically generates one or more
scenarios. The team can then select one or more of these scenarios to walk through to elicit
new requirements or validate existing ones in the document in a guided, systematic way.
CREWS-SAVRE can automatically generate a complete set of scenarios, which can then be
used in scenario walkthroughs to generate a complete, correct and testable set of
requirements.

Finally, scenarios have the potential to enable the user to explore the impact of the required
system on the environment in which it will be embedded. This form of impact analysis will have
an increasingly important role as the focus shifts from engineering software to more complex
systems composed of software, hardware and people. Despite this shift however, there has
been little interest in the area, although exceptions such as the ORDIT method do exist. The
RESCUE process provides simple process guidance to enable the requirements team to
assess what the broad impacts of the proposed system will be, both on those who will use the
system, and on the environment in which it will operate.

1.5.3.5. REQUIREMENTS MANAGEMENT

Effective requirements management is essential in any requirements engineering process.
Requirements have to be managed to support storage, version control, configuration
management and reporting. We implement the VOLERE requirements engineering process in
Rational’s RequisitePro software tool. Each requirement is specified and stored using a
modified version of VOLERE’s requirement shell, which specifies attributes and types for each
requirement. VOLERE’s quality threshold is applied to each requirement to ensure that
inadequate requirements do not enter the specification, and that all requirements undergo due
consideration. The requirement shell is linked to the use case specification template that is also
implemented in RequisitePro, thus providing a single, integrated electronic record of the evolving
requirements specification. Effective requirements management enables the creation of a
complete set of structured, traceable, complete and correct requirements that have undergone
effective configuration management and version control. There is also a strong emphasis on the
development of measurable, and hence testable requirements.

1.5.4. Putting it all Together

The various elements of the process, as described above, are integrated as shown in figure 1-1.

An understanding of human activity is used from the beginning of the process to inform use
case modelling, as well as the identification of system boundaries and system-level
requirements relating to the socio-technical nature of the system.

In the second stage, data about human activity in the current system is modelled in the activity
modelling stream. The use case modelling stream takes the key tasks and requirements from
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the i* strategic dependency and strategic rationale models, along with creative design ideas and
requirements from the creative design workshops, and produces a first-cut behavioural
specification of the future system in terms of initial use case descriptions. These are then used
to flesh out the requirements database held in RequisitePro. Once again, the system goal
modelling and use case modelling streams are informed and constrained by the human activity
model.

In the third stage, strategic dependency and rationale models are refined and used to inform the
development of more detailed use case specifications. The use case specifications are used to
generate CREWS-SAVRE scenarios for more rigorous scenario walkthroughs.

Figure 1-1 The RESCUE requirements engineering process

In the fourth stage, these structured scenarios provide the basis for discovering complete and
correct requirements for the future system that are recorded, within the structure provided by the
use case descriptions, in the requirements database in RequisitePro. The scenarios also
provide the basis for writing measurable fit criteria for each requirement to enable effective
compliance testing of future system designs.

The final stage is to use scenarios to analyse the impact of the future system, as it is specified
in the requirements specification, on its environment. Results from this analysis can lead to
changes to the requirements specification that are validated further through further analyses.

1.5.5. Managing the Process

The RESCUE requirements process is a complex process involving numerous stakeholders,
and as such must be managed using standard project management procedures.
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It is recommended that all key deliverables from one stage of work should be formally reviewed
and signed off before the next stage of work is begun. This is to ensure that work on later
stages is done on as sound a footing as possible. The points at which such decision-making
and review activities should be carried out are indicated in figure 1-1 as ‘synchronisation
stages’, which cut across other activities. For some deliverables, such as the evolving
requirements database, a review carried out by members of the requirements team may be
sufficient. However, it is important that representative system users should be given the
opportunity to review deliverables such as the human activity model and use case descriptions,
which record what they currently do, and what they may be required to do in a future system. It
is particularly important that use case descriptions should be agreed with system users before
they are used in scenario walkthroughs, as issues may otherwise arise during the walkthrough,
which prevent the walkthrough being carried out effectively.

Reviews should in general assess whether deliverables are complete, correct (both in factual
terms and in their use of any notation), and consistent (both with other deliverables from the
requirements process, and with other sources of information as appropriate). Reviews may take
the form of formal inspections (see, for example, Sommerville and Sawyer 97, sec. 8.2). The
results of a review may demonstrate a need for re-work, which should be carried out before the
deliverable is signed off, and the process progresses.

Reviews carried out at different stages take on different purposes and emphases as
summarised in figure 1-2 and described below.
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Stage 1 - Boundaries

Stage 2 - Work Allocation

Stage 3 - Generation

Stage 4 - Coverage

Stage 5 - Consequences

Synchronisation points

Figure 1-2 Stages in the RESCUE process

Synchronisation takes place at:
• The boundaries point (at the end of stage 1 – the boundaries stage), where the team

establishes first-cut system boundaries and undertakes creative thinking to investigate
these boundaries;

• The work allocation point, where the team allocate functions between actors according to
boundaries, and describe interaction and dependencies between these actors;

• The generation point, where required actor goals, tasks and resources are elaborated and
modeled, and scenarios are generated;

• The coverage  point, where stakeholders have walked through scenarios to discover and
express all requirements so that they are testable;
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• The consequences point, where stakeholders have undertaken walkthroughs of the
scenarios and system models to explore impacts of implementing the system as specified
on its environment.

Each stage and synchronisation point is described in more detail in chapter 2.
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2.  RESCUE PROCESS OVERVIEW

This chapter provides an overview of the key components of the RESCUE process, as an
introduction to the full descriptions in each of the remaining chapters of this document.

The components discussed in this chapter are:

• support for requirements acquisition
• activity modelling
• system goal modelling
• use case modelling, scenario walkthroughs and impact analysis
• requirements management
• creative design workshops
• managing the requirements process

The rationale and background to the application of these processes is given in this chapter,
along with examples of the processes in action, as an exemplar for the individual chapters that
follow.

2.1. SUPPORT FOR REQUIREMENTS
ACQUISITION

Requirements for a new system may come from any of the stakeholders for that system. In the
case of Eurocontrol’s systems, these stakeholders include air traffic controllers and a large
number of people who fulfil different roles and have different responsibilities in association with
the future system. In order to provide an effective kick-start to the requirements engineering
process, it is essential to acquire as many requirements as possible from as many different
stakeholders as possible as quickly as is possible. In the RESCUE process, we propose the
use of the ACRE framework to encourage the requirements team to use the widest possible
range of useful requirements acquisition techniques.

Requirements engineers face a major problem when choosing techniques for acquiring
requirements of systems such as those of interest to Eurocontrol. The problem is not that there
is a lack of techniques, since a wide range exists from the ethnographic to the constructivist.
Rather, no guidance is available to choose techniques, to plan a systematic, well-grounded
acquisition programme, or even to sequence techniques. Indeed, many requirements engineers
are unaware of the techniques that are available. Chapter 3 of this report presents a framework
for such a purpose. It is called ACRE (ACquisition of REquirements).

ACRE was bounded using a definition that separates acquisition from other requirements
engineering activities. ACRE provides techniques for acquiring requirements from stakeholders,
rather than for mining requirements out of documents (e.g. Goldin & Berry 1994). This is not
intended to diminish the importance of documentation. Indeed, knowledge acquired through
communication will often be interpreted using existing documents or documented rationale, for
political or other reasons. Each acquisition technique in ACRE aims to improve communication
between stakeholders. One of the stakeholders must be a requirements engineer who has been
trained in use of that technique. However, ACRE also recognises that requirements acquisition,
negotiation and agreement are often interleaved, so although it provides techniques for
acquisition, improvements in requirements negotiation and agreement are unplanned but
welcome.

ACRE proposes techniques to acquire both requirements for the software system and
knowledge about that system's domain and environment. The environment is described by
diverse phenomena in the problem domain such as behaviour, events, structure and states. This
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version of ACRE also does not include participative design (e.g. Clement & Van den Besselar
1993) which necessitates wider organisational and cultural changes. Rather, it proposes
techniques that can be used by practitioners with little training within the existing organisational
and cultural context.

ACRE supports the selection and use of different requirements acquisition techniques using a
set of facets that act as meta-level requirements for the requirements acquisition process. For
example, one of these facets is the purpose for which the requirements are being acquired. We
usually acquire requirements for 3 basic, sometimes overlapping purposes:

• To provide a specification for design and implementation of a bespoke system;
• To enable selection of commercial off-the-shelf software packages;
• To provide a legal contract for system procurement. Whereas acquisition for bespoke

systems is wide-ranging and can benefit from using all methods, requirements for better
package selection and procurement can be acquired through effective method selection.

For this facet, ACRE provides advice for the requirements team in terms of decision tables that
inform the team about the most suitable requirements acquisition techniques to use in this
situation. An example of one such decision table is shown below in Table 2-1. In the figure, ||
indicates very good fit, | indicates good fit, - indicates weak fit and x indicates poor fit.
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Requirements Purposes
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Table 2-1 Example decision table showing the fit between requirements purpose and method.

As Table 2-1 indicates, ACRE offers and recommends a range of requirements acquisition
techniques that include observation, different types of interview, protocol analysis, card sorts,
laddering, repertory grid analysis, brainstorming, prototyping and storyboarding, informal and
formal scenario analyses, rapid application development workshop techniques, and
ethnographic analyses. The table also shows that each of these techniques has different
strengths and weaknesses for different facets. However, it would be unlikely for all of these
techniques to be applied in a single project’s requirements process. Rather we recommend
preferred requirements acquisition techniques for the requirements team to use.

2.2. ACTIVITY MODELLING

Introducing a new procedure, a set of tools or a new working organisation is not a one-step
process.  First of all, it involves different groups of stakeholders each with possibly different
views on some of the objectives to be achieved and on how to reach them.  The need for the
change might be recognised by the different parties involved even though proposals about how
to change the existing organisation might differ.  Five main phases have been identified to
characterise the process of work redesign:
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• The questioning of the existing process because of inefficiencies experienced by the
different parties;

• Analyses of the cases to identify the mismatches between the existing tools and the
situations where dissatisfaction with current practices arose;

• Modelling of a new solution involving some new patterns of activity;
• Examining the new model.  It is at this point that the solution proposed are critically

examined and either a reformulation might occur or the proposal is discarded;
• Implementing the model.  This implies a follow-up of the observations to describe how the

model is implemented, which new actions appear, and how new states are achieved.

Current approaches, be it the ecological approach, distributed cognition or ethnography, all have
in common a concern for understanding ways in which environmental resources (including
technology) are used to get the work done.  Observations of human activities in work settings
produced an improved understanding of the way in which work is accomplished in practice.
Mundane tasks can play a vital role in the successful accomplishment of the work. These highly
qualitative approaches are integrated by more formal techniques leading to a structured analysis
of the tasks where priorities among the different goals and sub-goals of the activity are
established (Fields et al. 1999).

In the RESCUE process we draw on this large corpus of research to deliver a method for
analysing the way in which work is currently done in order to inform the development of new
systems to support that work. This method is referred to as activity modelling, or sometimes
human activity modelling (as it tends to focus on the human aspects of the work), and is
presented in chapter 4 of this document. The chapter is in 2 parts. The first part presents
heuristics that summarise domain-relevant issues related to the introduction of automation in air
traffic management systems (for example cognitive constraints of the work domain and
monitoring activities), to guide the analysis of the work domain. The second part presents
guidelines for generating requirements from these analyses. A number of concerns are identified
and are categorised as Process (P) or Automation (A) concerns. Most of the concerns relate to
the development of an activity model which takes into account the notions of resource
management strategies and co-operative strategies in the context of monitoring activity (i.e.,
monitoring and detecting conflicts). Some practical guidance is also given regarding the
structuring of ‘human activity descriptions’, or models of activity in the current system.

2.3. SYSTEM GOAL MODELLING

There are different requirements modelling approaches that have been developed for different
purposes. One of the common problems is that stakeholder goals often contradict or conflict,
and there is no possible, single solution that satisfies all of the goals. Therefore, the
requirements team has to make complex trade-offs between requirements to specify the
optimum solution that satisfies most of the requirements of most of the stakeholders most of
the time. The team will have to consider factors such as requirements priorities, importance,
risk, cost, time-to-deliver and dependencies to other important, high-priority stakeholder goals.

Some of the most interesting work on requirements modelling has been done as part of the i*
approach by Eric Yu at the University of Toronto. He has developed a syntax and semantics to
support the modelling of organisation goals and the relationships of these goals with respect to
tasks, resources and requirements, as well as other goals. One of the key ideas in the i*
method is the separation of (hard) goals from soft-goals. Hard goals equate to functional
requirements that are either met or not met. This is indicated in i* models using simple arrows
from a task to achieve the goal to the goal. In contrast soft-goals equate to non-functional
requirements that different solutions (tasks etc) can more or less contribute to. Therefore in i*
models simple arrows again show dependencies from tasks to the soft-goal, but the contribution
can be positive or negative, as indicated by a + or - on the dependencies arrow. This is the crux
of the i* approach - it is possible to build up complex requirements models showing different
positive and negative dependencies between requirements and other elements of the model.
These models enable the team to better understand the requirements and to be able to analyse
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trade-offs between the attainment of requirements. The i* approach has been extended to
enable formal reasoning about models of complex socio-technical systems.

Figure 2-1 shows an example of a simple i* model implemented in our own REDEPEND i*
modelling software tool. It shows an example i* model taken from Yu’s own PhD thesis Yu
1995). The model is a model of goal dependencies belonging to an insurance claims manager
(within the actor boundary at the centre of the figure). Let us look at some of the central aspects
of this model. First, it distinguishes between soft-goals (more non-functional) and goals (more
behavioural and functional). Second, it demonstrates how the goals of the claims manager are
dependent on other actors, such as the claims clerk. This part of the model reads that, for the
manager’s goal ‘Treatment be assessed’ to be achieved, both the manager must assess the
treatment, and the manager must let the claim’s clerk assess the treatment. Likewise, for the
goal ‘medically assessed’ to be achieved, the medical records department must use the patient
medical records files to review the patient’s medical history so that the manager can make a
medical decision. These examples demonstrate how the achievement of goals depends not just
on other goals, but on the achievement of tasks, the availability of resources, and key, often
unforeseen dependencies between these. This figure also demonstrates some interesting
goal/requirement tradeoffs. Attainment of the soft-goal ‘fast turnaround’ depends on two tasks.
Completing one task positively supports the attainment of the goal, while the other (let medical
assessor make assessment) does not, for obvious reasons.

The main role of the use of the i* modelling approach in the RESCUE process is to elicit, model
and analyse the complex dependencies between and contributions of agents, goals (functional
and non-functional requirements), tasks and resources in the system domain. The domain is
complex and includes a large number of often hidden and emergent dependencies that have to
be understood before effective requirements specification and system design can take place. i*
provides the basis for eliciting and analysing these dependencies. i* also provides the starting
point for determining requirements for the future system, for identifying candidate use cases in
the form of tasks, and for linking these requirements and use cases in an integrated model.
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Figure 2-1 An example of i* modelling with the REDEPEND software tool.

2.4. CREATIVE DESIGN WORKSHOPS

Requirements and design activities are intertwined. Although the requirements process as a
whole aims to deliver a requirements specification that is independent of possible design
solutions, the process of analysis and decision that delivers this document must also consider
high-level design decisions, for example, to determine possible boundaries for the socio-
technical system. However, most requirements engineering methods try to ignore design
decisions rather than handle them in the process. The result is often that high-level, ill-founded
decisions are made during the requirements engineering process that constrain the resulting
requirements. Instead, to avoid this, the RESCUE process defines a separate, concurrent sub-
process in which high-level designs can be identified, brainstormed, analysed and decided upon
during a series of carefully controlled creative design workshops.

Creative thinking is encouraged in especially-arranged design workshops, the purpose of which
is to create short-term “greenhouse” environments in domains that are traditionally more
systematic and ordered. We design each workshop to support 4 essential processes
(preparation, incubation, illumination and verification) in creative thinking. To prepare
stakeholders we maintain regular dialogue with stakeholders via e-mail between workshops to
encourage them to discuss creative processes and ideas from earlier workshops. In each
workshop we encourage ideas to incubate using techniques including presentations from
experts in non-air traffic control domains (see below), games to remove people’s inhibitions,
listening to music and discussing paintings, and playing with props such as making aeroplanes
from balloons! Each incubation period is followed by shorter, more intensive periods to
illuminate  ideas. People work together in dynamically-designed groups to generate new ideas
from the baseline of the previous creative process cycle. In the later workshops we also
encouraged verification of ideas by asking stakeholders to assess, rank and categorise the
new ideas in different ways. We repeat this process several times in each workshop. To guide
the participants during these processes, we used simple explorer, artist, judge, and warrior
roles to focus them on specific activities.

Figure 2-2 Action from one of the creative design workshops
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One of the most prominent features of these workshops is the use of experts from domains that
have similarities to aircraft conflict resolution to support idea incubation. In the CORA-2
project, to encourage insight into the conflict resolution domain we invited experts to talk about
the processes of textile design in India and modern music composition, both of which are
analogous to conflict resolution in air traffic control. Similarly to explore candidate design ideas
as fully as possible we invited experts in creative design and information visualisation to present
and participate. And finally, to incubate creative combinations of these design ideas, we invited
one of London’s top fusion chefs to talk about combining unusual ingredients together during
fusion cooking, and even to demonstrate this cooking in the workshop!

The chapter on creative design workshops in this document presents a description of the
activities carried out in and results from a creativity workshop carried out as part of the DMAN
project. This is intended to provide the requirements team with both a framework and some
concrete ideas for running future workshops. It outlines the important goals to achieve in
creative design, and suggests possible techniques to use to achieve these goals as well as
strategies for managing such workshops.

One outcome of creative design workshops is a set of storyboards to depict the future operation
of the system using the design options. Storyboards and simple prototypes are effective
techniques to use during scenario-based requirements engineering processes. In two-thirds of
the projects surveyed for scenario use by Weidenhaupt et al. (1998), scenario use was
interrelated with storyboards and rapid prototyping, or even building first versions of the new
system. Combining these approaches yielded symbiotic effects. That is, without prototyping,
the value of using scenarios would drop to almost zero, and vice versa. Such combination was
essential to selling the overall project to the customer.

In the RESCUE process, we look to draw on these experiences to use storyboards that
implement future system design features emerging from the creative design workshops in
conjunction with the CREWS-SAVRE scenarios that exercise these designs, to discover more
requirements and to critique the designs more effectively. An example of a storyboard developed
for the CORA-2 project is shown in Figure 2-3.
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A Radar display as a central view to see the traffic and a reduced radar display
 to have an overview of the detected conflicts.
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Detected conflicts appear in the reduced dedicated radar window to not disturb
readability of the radar display.

By pointing on a conflict bubble in the radar conflict display, the complete representation
of the conflict is displayed in the main radar display.

By pointing on a conflict bubble label in the radar conflict display, the complete representation
of the best resolution found by the system  is displayed in the main radar display.
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Choose

By clicking on a conflict bubble label in the radar conflict display, a menu is displayed that
lists the other resolutions found by the system .

By pointing on the fourth resolution item for example, you can display the representation
of the conflict resolution associated in the main radar display .
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Figure 2-3 An example storyboard showing the presentation of conflict detection and candidate
resolutions in the CORA-2 system
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2.5. USE CASE MODELLING, SCENARIO
WALKTHROUGHS AND IMPACT ANALYSIS

2.5.1. Use Case Modelling

The RESCUE requirements engineering process provides the requirements team with a
template for writing structured use cases and integrating requirements into this use case
structure. This use case and requirement structure is based on CREWS-SAVRE’s meta-model
reported in Sutcliffe et al. (1998). The use case template was designed to incorporate best
practice in use case writing, and was evaluated in the EU-funded CORONET project. The basic
template is shown in Figure 2-4. The template is instantiated for each use case in the use case
model. The most important elements of the use case template are the normal course and
variation paths in the use case, which provide effective structures, constraints and contexts for
use case authoring.

Name of Use Case

Use Case ID Unique ID for Use Case
Author Name of author
Date Date Use Case was written
Source Source of Use Case
Actors Actors involved in Use Case (from the Use Case Diagram)
Problem
statement
(now)

Description of current problem

Precis Informal scenario description
Functional
Requirement
s

Descriptions of all functional requirements associated with this Use
Case

Non-
functional
Requirement
s

Descriptions of all non-functional requirements associated with this
Use Case

Added Value Benefit of Use Case above and beyond the original scenario from the
original system

Justification Why is the Use Case needed in the future system?
Triggering
event

Event or events that can trigger the Use Case

Preconditions Necessary conditions for the Use Case to occur
Assumptions Explicit statement of any assumptions made in writing the Use Case
Successful
end states

Successful outcome(s) of the Use Case

Unsuccessful
end states

Unsuccessful outcome(s) of the Use Case

Different
Walkthrough
Contexts

Different situations and contexts in which the use case takes place

Normal
Course

1. Action 1
Descriptions of all requirements associated with Action 1

2. Action 2
 Descriptions of all requirements associated with Action 2

…
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…
Variations 1. If [condition] then [variation statement] (related to Action 1)

…

Figure 2-4 The RESCUE use case template

The RESCUE process provides explicit guidance for use case authoring within the template
using the CREWS-ECRITOIRE method and software tool. CREWS-ECRITOIRE applies
Fillmore’s case grammars from research into natural language parsing to structure and parse
use cases (Ben Achour 1999). In this process we deliver the guidance to the team as a set of
rules and guidelines to write structured use cases. Style guidelines advise the requirements
team to structure each use case. Content guidelines advise the requirements team to improve
the written content of each use case. The CREWS-ECRITOIRE software tool takes a
structured, natural language use case, checks it for completeness, then parses it to produce a
use case specification in CREWS-SAVRE. This enables us to accept a text use case and
generate a more structured and complete set of scenarios from it.

2.5.2. Scenario Walkthroughs

We have developed a method and software prototype called CREWS-SAVRE, which guides a
team of developers to systematic scenario generation and use. It has been developed as part of
the EU-funded Framework IV 21903 'CREWS' long-term research project. Features of CREWS-
SAVRE include:

• a language for specifying use cases;
• automatic generation of scenarios from use cases;
• automatic generation of scenario alternative courses;
• guided scenario walkthroughs;
• patterns for automatic scenario-requirement cross-checking;
• compatibility with Rational Software's commercial RequisitePro requirements management

software tool.

CREWS-SAVRE supports an iterative scenario-based requirements acquisition process. It
provides guidelines for a team to write a use case specification from current requirements in a
document. From this specification, CREWS-SAVRE then automatically generates one or more
scenarios. The team can then select one or more of these scenarios to walk through to elicit
new requirements or validate existing ones in the document in a guided, systematic way.
CREWS-SAVRE provides software modules to support the team to undertake each of these
processes. One module, ScenarioPresenter, delivers the generated scenarios to software
developers who use these scenarios to guide requirements elicitation.

As the name suggests, ScenarioPresenter is a tool that stores scenarios and guides scenario
walkthroughs. The CORA-2 project used a version of the tool developed in Microsoft Excel (and
initially termed ExcelPresenter). In this version, CREWS-SAVRE downloads each scenario
produced by its scenario generator module into a separate, standalone spreadsheet. This de-
coupling of the scenario walkthrough means that the generated scenarios can be ported across
operating systems and platforms within Excel. Excel also provides a set of familiar user
functions (e.g. file-save and print), thus overcoming basic usability problems. The Excel version
of the tool is shown in figure 2-5.

As part of the ART-SCENE project, we have recently developed a Web-based version of the
ScenarioPresenter tool as shown in figure 2-6. This version of the tool provides essentially the
same functionality as the previous Excel, but with the advantages of increased accessibility
provided by the Web.
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Figure 2-5 An example of CREWS-SAVRE’s ScenarioPresenter tool, built in Microsoft Excel

Figure 2-6: An example of ART-SCENE’s Web-based ScenarioPresenter tool
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During a scenario walkthrough with ScenarioPresenter, the screen is divided up as shown in
figure 2-6. The top part presents administrative information about the scenario, and command
buttons are positioned along the top and left-hand margin. The left-hand side of the main portion
of the screen describes the normal course event sequence for the scenario. Each event
describes the start or end of an action, thus enabling a scenario to describe concurrent actions.
The right-hand side describes possible alternative courses for each normal course event,
presented in the form of 'what-if' questions. Different alternative courses are recommended for
different normal course events. These alternative courses are generated automatically during
scenario generation using CREWS-SAVRE's own knowledge base from parameters set
previously by the team for scenario generation.

ScenarioPresenter encourages systematic requirements elicitation. It guides its users to
walkthrough each normal course event, and each alternative course linked to that normal course
event in turn. For each of these events, the software developers are encouraged to ask
themselves whether:

(i) this event might occur, and if so whether;
(ii) this event is relevant to the future system, and if it is relevant;
(iii) does the future system, as currently specified in the requirements specification, handle

it?

Responses to these questions guide the developers. If the answer to the first question is "no",
the event is marked as "implausible" and ignored for the current requirements specification. If
the answer to the second question is "no", the event is marked as "not relevant" to the future
system, and the team use the scenario to specify the system's boundaries more precisely. If
the answer to the first two questions is "yes" but the third is "no", then the team can add the
relevant new requirements into the requirements specification.

One productivity benefit from CREWS-SAVRE is that it generates each scenario automatically.
The generation algorithm first generates possible different normal course scenarios from the
specification of actions and possible action orderings in the use case. Each different possible
ordering of normal course events is a different CREWS-SAVRE scenario. Second, the algorithm
generates different possible alternative courses for each normal course event, according to
simple parameter values defined by the developers for the originating use case. It accesses a
database of classes of exceptional behaviours and states, and applies 17 rules to generate
alternative 'what-if' questions for each normal course event.

The database of exceptional behaviours and states is in two parts. The first part contains 35
exception classes derived from the semantics of CREWS-SAVRE scenario themselves, for
example generic exceptions about events, actions, objects and states shown in the figure. The
second part contains over 50 classes of abnormal behaviour and state linked to CREWS-
SAVRE types of actions, agents, agent-communication and environmental factors. If an action
involves a human-type agent, then alternative courses are generated from classes of human
error drawn from cognitive science and human factors research. If an action involves a machine-
type agent, then alternative courses are generated from classes of machine failure. If the
communication action involves at least one human-type agent and one machine-type agent,
then alternative courses are generated from interaction failures in human-computer interaction. If
the action involves two machine-type agents, then alternative courses are generated from
machine networking failures. Likewise, if it involves two or more human-type agents, then
alternative courses are generated from models of communication failure. Other classes define
exceptions about information-models and work-domains.

Furthermore, we have specialised the CREWS-SAVRE software tool to include a simple
scenario language and exceptions database that is specific to the air traffic control domain. We
developed the language in conjunction with Eurocontrol’s own air traffic management experts to
ensure its accuracy and usability. The requirements team can write scenarios using a reserved
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language for describing actions, agents and objects in the scenario. A set of domain-specific
rules as developed in conjunction with the experts then generates both domain-independent and
domain-dependent alternative courses as the basis for more accurate requirements discovery
and acquisition.

2.5.3. Impact Analysis

Impact analysis is needed to understand how the future system, as specified in the
requirements and high-level design, will impact on the wider environment. Scenarios have the
potential to enable the user to explore the impact of the required system on the environment in
which it will be embedded. These impact scenarios of the required socio-technical system will
have an increasingly important role as the focus shifts from engineering software to more
complex systems composed of software, hardware and people. Despite this shift however, there
has been little interest in developing such impact scenarios, although exceptions such as the
ORDIT method (Eason et al. 1996) do exist. The RESCUE process provides simple process
guidance to explore and analyse the impact of different design decisions.

2.6. REQUIREMENTS MANAGEMENT

Requirements acquisition and modelling activities give rise to a large number of requirements for
the future system that have to be documented and managed effectively. In the RESCUE
process we advise on several key elements of requirements management – defining and typing
requirements, and managing requirements using VOLERE’s Quality Gatekeeper approach
(Robertson & Robertson 1999).

We recommend the use of a commercial software tool for managing requirements. We have
chosen Rational’s RequisitePro and set up a project template within it for use by the
Eurocontrol requirements team. The template specifies:

• The attributes of each requirement;
• The requirements taxonomies that drive acquisition and analysis;
• The requirements traceability structures;
• A simple use case-requirement structure that is implemented throughout the RESCUE

process.

An example requirements table from the RequisitePro tool is shown in Figure 2-6. Functions
provided by the tool include requirements description, simple syntactic checking of
requirements, tracing requirements, managing requirements versions, change management for
requirements, and requirements reporting.

One of the most important uses of the requirements management tool is in ensuring and
controlling the quality of the requirements that are being entered in the requirements database.
We call this the Quality Gatekeeper role, a term coined in and taken from the VOLERE
approach from Suzanne and James Robertson. The Gateway is the formal point of entry of
requirements into the specification. A number of the RESCUE sub-processes generate potential
requirements that can be formalised using the requirements and use case structures described
elsewhere in the process. When a requirement arrives at the Quality Gateway it should be
complete enough to undergo the tests to determine whether it should be included in the
specification or excluded. If it is excluded, then it is returned to its source, often a stakeholder,
for clarification, revision or discarding. The VOLERE approach outlines a number of tests that
the Quality Gatekeeper applies to each potential requirement:
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Figure 2-7 An example of the RequisitePro requirements management tool

• Have all the necessary attributes of the requirement been assigned?
• Is the requirement stated using the word ‘shall’?
• Is the requirement stated precisely?
• Is the requirement stated as a simple sentence, without conjunctions?
• Is the requirement meaningful to stakeholders?
• Is the requirement written using terminology from the project glossary?
• Is the requirement testable?
• Does the requirement over-constrain the solution space?
• Is the requirement ‘gold-plated’?

The Gatekeeper role is essential to the success of the RESCUE requirements engineering
process. It requires strong critical and analytic skills to assess the quality of requirements, so
the importance and difficulty of the role should not be under-estimated.

2.7. MANAGING THE PROCESS

The RESCUE process is a complex process involving numerous stakeholders and different
activities. Each of the models and activities described above benefits the requirements process
as a whole in terms of increasing confidence in the correctness and completeness of the final
requirements specification. However the interleaving of different activities and interdependencies
between the different models bring a degree of complexity which must be carefully managed.

In order to facilitate the management of the process as a whole, we have introduced the notion
of stages, which cut across other activities as shown in figure 1-1 and 1-2. At the end of each
stage, it is recommended that all key deliverables from the sub-processes carried out in that
stage should be formally reviewed and signed off before further work is begun. This is to ensure
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that work carried out later in the process is done on as sound a footing as possible.  The point
at which this is done is termed a ‘synchronisation point’.

For some deliverables, such as the evolving requirements database, a review carried out by
members of the requirements team may be sufficient. However, it is important that
representative system users should be given the opportunity to review deliverables such as the
human activity model and use case descriptions, which record what they currently do, and what
they may be required to do in a future system. It is particularly important that use case
descriptions should be agreed with system users before they are used in scenario
walkthroughs, as issues may otherwise arise during the walkthrough, which prevent the
walkthrough being carried out effectively.

Reviews should in general assess whether deliverables are complete, correct (both in factual
terms and in their use of any notation), and consistent (both with other deliverables from the
requirements process, and with other sources of information as appropriate). Reviews may take
the form of formal inspections (see, for example, Sommerville and Sawyer 1997, sec. 8.2). The
results of a review may demonstrate a need for re-work, which should be carried out before the
deliverable is signed off, and the process progresses.

At each synchronisation point, a number of pairwise checks between the models which exist at
that point should be carried out. The following sections provide a guide to the checks to be
carried out at each stage.

2.7.1. Stage 1: The Boundaries Stage
In this stage, data about human activities and the extended context model are used to check
the completeness and correctness of the use case model. System-level requirements are used
to check use case summaries. RESCUE defines a number of guidelines for cross checking
models similar to those reported in Santander & Castro (2002), for example:

Check 1.1: Every major human activity (e.g. applying resolutions) should correspond to one or
more use cases in the use case model;

Check 1.2: Every actor identified in human activity modelling is a candidate actor for the
context model;

Check 1.3: Every adjacent actor (at level 2, 3 or 4) which communicates directly with the
technical system (level 1) in the context model is a candidate actor for the use case model;

Check 1.4: The system boundary in the use case model should be the same as the boundary
between levels 1 and 2 in the context model;

Check 1.5: Services and functions related to use cases in the use case model should map to
system level requirements, i.e. high-level functional and non-functional requirements in the
requirements database.

Finally, although human activity models are not completed until the next stage of the process,
analysts who have gathered data for human activity modeling may be invited to use their
experiences to validate the use case model at this stage.

The culmination of the stage is a workshop in which the stakeholders agree the system
boundaries, reject requirements that are not viable, agree viable design ideas that satisfy
requirements, and make some high-level design choices regarding work practices, the extent of
automation, and interaction modes. It enables a use case model and the high-level use case
summaries to be agreed with some confidence.
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2.7.2. Stage 2: The Work Allocation Stage
This is the stage at which most cross checking is done in order to bring the human activity and
first-cut i* models to bear on the development of correct and complete use case descriptions.
Again, we use simple-to-apply guidelines:

Check 2.1: Actors, resources, goals, actions and resource management strategies identified in
activity modeling should be represented in the i* SD and SR models as appropriate;

Check 2.2: Actors, resources, goals, actions, differences due to variations and differences due
to contextual features identified in activity modeling should appear in use case descriptions
where relevant;

Check 2.3: Goals identified in activity modeling should be reflected in the system and use case
level requirements in the requirements database;

Check 2.4: All external actors in the i* SD model should correspond to actors in the use case
descriptions;

Check 2.5: Each low level task (i.e. each task which is not decomposed into further lower level
tasks) undertaken by an actor modeled in the i* SR model, should correspond to one or more
actions in a use case description;

Check 2.6: All goals and soft-goals to be achieved by the future system according to the i* SR
model should be specified in the system requirements specification and stored in the
requirements database. (Note that goals should relate to functional requirements, and soft-goals
to non-functional requirements.);

Check 2.7: All requirements associated with use cases using the RESCUE use case template
should be expressed in the system requirements specification and stored in the requirements
database.

The main purpose of this stage is to allocate work between the actors in the socio-technical
system as expressed in the i* models and to express this allocation in use case descriptions.
To achieve this the modeling should be incremental and involve key stakeholder representatives
throughout. Again a workshop is held at the end of the stage to walk through and sign off each
use case description and its related i* models.

2.7.3. Stage 3: The Generation Stage
The team analyses the final i* SR models to validate actor goals, soft goals, tasks and
resources, trade-offs between the satisfaction of different soft goals, and dependencies between
actors to achieve their goals and soft goals. This enables further validation of use case
descriptions and the creation of more detailed use case specifications in which each action is
linked with an actor type (human or machine). Designation of actor types in the use case
specifications should be agreed, and system boundaries should be checked against this.

Checks include:

Check 3.1: Designation of actor types (human or machine) in the use case specifications
should be agreed, and system boundaries in the i* SR model should be checked against this.

Check 3.2: All tasks carried out by particular actors in the i* SR model should appear as
actions, carried out by the same actors, in one or more use case specifications.

Check 3.3: Requirements should be specified in the requirements database to ensure that all
resources identified in the i* SR model will be available.
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Check 3.4: All soft-goals in the i* SR model should correspond to one or more non-functional
requirements in the requirements database.

Check 3.5: Goals and tasks of actors of type machine in the i* SR model should correspond to
one or more functional requirements in the requirements database.

2.7.4. Stage 4: The Coverage Stage
The main outcome of this stage is a set of testable stakeholder requirements arising from the
scenario walkthroughs. The walkthroughs can often generate duplicate and inconsistent
requirements from different stakeholder groups that must be identified and removed from the
requirement document. We do this, for example, by cross checking with i* SR models that
explicitly link goals and soft goals equivalent to requirements with means-end links, and by
reviewing requirements grouped by use case for inconsistencies and duplicates.

Checks carried out at this stage relate solely to the internal structure of the requirements
database, as no new artefacts are generated during stage 4. Checks include:

Check 4.1: Ensure that each requirement is either a system level requirement, or is linked to a
use case, use case action or alternative course;

Check 4.2: Check whether each use case action is linked with requirements of the right types
using simple heuristics based on action- and requirement-types, for example do human-
computer interaction actions have candidate usability, look-and-feel and training requirements
specified for them?

Check 4.3: For all except system-level requirements, check that requirement fit criteria are
grounded in the use cases to which requirements are linked.

2.7.5. Stage 5: The Consequences Stage
The team checks that the consequences of all discovered impacts lead to acceptable changes
to use cases and requirements in the requirements document.

Check 5.1: Ensure that all ‘impact consequences’ are recorded in the requirements database;

Check 5.2: Ensure that change requests are generated for all impact consequences recorded in
the requirements database.

The team finish by signing off the document ready for formal reviews external to the RESCUE
process.
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3. SUPPORT FOR REQUIREMENTS ACQUISITION

Requirements engineers face a major problem when choosing methods for acquiring
requirements of software-intensive systems. The problem is not that there is a lack of methods,
since a wide range exists from the ethnographic (e.g. Sommerville et al. 1993, Goguen & Linde
1993) to the constructivist (Shaw & Gaines 1998). Rather, no guidance is available to choose
methods, to plan a systematic, well-grounded acquisition programme, or even to sequence
methods. Indeed, many requirements engineers are unaware of the methods that are available.
This chapter describes a framework for such a purpose. It is called ACRE (ACquisition of
REquirements).

Requirements engineers are familiar with methods such as observation, interviewing and using
documentation. However, each is insufficient in isolation to capture complete requirements.
Consider an example of a real software system to plan vehicle loading which one of the authors
observed. A large system specification had been developed from existing documentation.
However, several minutes of direct observation revealed to a team of software engineers that a
process that they had assumed to be completely regular could, in fact, speed up and become
dangerous. A new requirement to warn the user when this happened was complicated by further
observed phenomena such as extreme glare, loud noises and extreme vibration. This paper
argues that more than one acquisition method is needed to capture the full range of complex
requirements for most complex software-intensive systems. One assumption is that effective
requirements acquisition is not simply a by-product of using existing structured methods and
notations (e.g. Cutts 1987). Rather the ACRE framework provides guidelines for selecting from a
broad range of different methods with different features from different backgrounds.

To complement familiar methods, some researchers posit use of ethnographic methods (e.g.
Sommerville et al. 1993, Goguen & Linde 1993). Such methods have received considerable
recent interest in requirements engineering (e.g. Luff et al. 1993). Knowledge engineering has
also provided useful methods, such as card sorts and laddering (Gammack 1987, Rugg et al.
1992, Rugg & McGeorge 1997). Indeed, requirements engineering and knowledge engineering
share many concerns. Knowledge engineers now build larger knowledge-based systems using
structured methods (Schreiber 1994) and integrate these systems with conventional systems
(Brameur 1990). In requirements engineering, there been a focus on knowledge representation
languages (e.g. Greenspan et al. 1986) and attempts to bring knowledge acquisition methods
into requirements engineering (Maiden & Rugg 1994). This chapter brings acquisition methods
from software engineering, knowledge engineering and the social sciences together into a single
framework. Similar work in the knowledge engineering area (e.g. Corbridge et al. 1992) has been
more on method comparison rather than usefulness. In this sense ACRE also differs from
previous requirements engineering classifications (e.g. Bickerton & Siddiqi 1993) in its focus on
the acquisition process.

ACRE is also more than a simple collection of methods. Its core guidelines for method selection
are derived from theories of cognition (e.g. Anderson 1990) and social interaction (e.g. Kelly
1955), and empirical data which supports these theories. The theories provide a rigorous, well-
founded starting point for method selection. The remainder of this chapter presents the
framework. The next section defines requirements acquisition and, hence, ACRE's boundaries.
This is followed by presentation of the framework itself, in the form of guidelines for method
selection. A decision support system to enable validation of ACRE is outlined. The chapter ends
with candidate acquisition strategies that the requirements team should implement in a first-cut
process for discovering different requirements.

3.1. A DEFINITION OF REQUIREMENTS
ACQUISITION
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ACRE was bounded using a definition that separates acquisition from other requirements
engineering activities. ACRE provides methods for acquiring requirements from stakeholders,
rather than for mining requirements out of documents (e.g. Goldin & Berry 1994). This is not
intended to diminish the importance of documentation. Indeed, knowledge acquired through
communication will often be interpreted using existing documents or documented rationale, for
political or other reasons. Each acquisition method in ACRE aims to improve communication
between stakeholders. One of the stakeholders must be a requirements engineer who has been
trained in use of that method. However, ACRE also recognises that requirements acquisition,
negotiation and agreement are often interleaved, so although it provides methods for acquisition,
improvements in requirements negotiation and agreement are unplanned but welcome. Specific
methods and techniques which aim to improve negotiation are discussed elsewhere (e.g. Boehm
et al. 1994).

ACRE proposes methods to acquire both requirements for the software system and knowledge
about that system's domain and environment. The environment is described by diverse
phenomena in the problem domain such as behaviour, events, structure and states. This version
of ACRE also does not include participative design (e.g. Clement & Van den Besselar 1993)
which necessitates wider organisational and cultural changes. Rather, it proposes methods
which can be used by practitioners with little training within the existing organisational and
cultural context.

3.2. THE ACRE FRAMEWORK

The framework offers 12 acquisition methods. Tables 3-1 to 3-3 describe each method,
preconditions for its use and perceived strengths and weaknesses. Useful references for would-
be users are also listed. The framework does not claim that these are the sole methods for
requirements acquisition, but rather a representative sample of the types available. Most of these
methods are comparable in their objectives, duration and manpower needed. RAD and
ethnographic methods, though, are larger techniques that have been included for completeness,
although this makes systematic method comparison more difficult. However, our goal is practical
guidance, so the tables presented in this paper are intended to provide guidelines with practical
use in mind.

Observation 
Description: the requirements engineer observes actual practices in the domain. 
Preconditions: few, although gaining access to work places can be problematic. 
Strengths: simple to do and does not require much training and preparation. 
Weaknesses: can capture large amounts of irrelevant data. 
 
Unstructured Interviews (Cordingsley 1989, Turban 1993) 
Description: requirements engineer asks stakeholder about the topic in question without a prepared list of questions. 
Preconditions: none 
Strengths: simple to do. It is good for eliciting stakeholder's agenda of what is relevant. Different variations are available. 
Weaknesses: easy to spend too much time on side-issues. The captured information may be hard to analyse. 
 
Structured Interviews (Cordingsley 1989, Turban 1993) 
Description: requirements engineer asks stakeholder list of prepared questions. 
Preconditions: relevant questions have to be identified first. 
Strengths: systematic, constant across stakeholders. Again, different variations are available (Cordingsley 1989). 
Weaknesses: impose a framework on users which may miss important issues. 
 
Protocol Analysis (Ericsson & Simon 1984) 
Description: someone undertakes a task and speaks out loud during it. 
Preconditions: suitable task needs to be identified. 
Strengths: provides access to working memory processes. It also provides large amounts of data about specific tasks. 
Weaknesses: protocols may be difficult to understand, because of their "chain of consciousness" nature. Analysing protocol 
transcripts is tedious and time-consuming.

Table 3-1 Some of the methods included in the ACRE framework
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Requirements for software-intensive systems are complex and varied. This is reflected in the
framework which suggests different methods to acquire different knowledge and requirements.
Research has identified six facets which inform method selection:

• Purpose of requirements: requirements can be acquired for different purposes, such as
specification of bespoke systems, selection of software packages and to provide a legal
contract for requirements procurement. Different methods assist each;

• Knowledge types: requirements modelling languages (e.g. Greenspan et al. 1986) include
semantic primitives such as events, states and agents. Different methods acquire different
types of knowledge;

• Internal filtering of knowledge: it is often the case that stakeholders are unaware of their own
knowledge and its boundaries. Problems can include poor recall and communication of
incomplete or incorrect knowledge. Methods are offered to overcome these limitations;

• Observable phenomena: some knowledge cannot be communicated by stakeholders but
only learned by observing a system and its environment;

• Acquisition context: method choice also depends on the context of its use. Acquisition does
not occur in a vacuum. Complex organisational, political, financial and temporal pressures
influence acquisition. Method selection in ACRE recognises this;

• Method interdependencies: an acquisition programme will include a sequence of methods
which influences method choice.

Card  Sor ting (Gammack  1987, Rugg  et  al . 1992)
Descri ption: stakehol der is asked to sort i nto groups a set  of cards each  of whi ch has the name of some domai n  ent i ty
wri t ten or dep icted  on i t ;  user t hen says what  the crit erion was for the sort ing, and what  the groups were.
Precon d itio ns: sui t able en t iti es need to be iden t ified,  wi th sui tab le semanti c  spread across domain.
Stren gths: knowledge is represen ted i n standardised format . Amenable to automat ion . No  need for transcrip ts.
Weaknesses: knowledge el ici ted  is  "flat" objec t-at tribut e-val ue knowledge.  No knowledge of classes, struc tures, procedures.

Ladder ing (Rugg  & McGeorge  1992, Corb ridge  et  al .  1992))
Descri ption: requiremen ts eng ineer uses smal l  set  of probes to acqu ire structure and cont ent  of stakehol der's knowledge.
Precon d itio ns: deals wi th hierarch ical  knowledge,  incl udi ng po lyh ierarchies (e.g .  goa l trees,  is-a taxonomies).
Stren gths: knowledge is represen ted i n standardised format . C an el ici t  structural  knowledge.  Sui table for au toma tion.
Weaknesses: Assumes hi erarch ical l y-arranged knowledge.

Repert ory Grids(Shaw & Ga ines,  1998)
Descri ption: stakehol der is asked for at tri butes appli cabl e t o a  set  of en tit ies and val ues for cel ls i n  en t ity :at tribute  matrix.
Precon d itio ns:  suit able en t iti es need to be ide n t ified,  wi th sui tab le semanti c  spread across domain.
Stren gths: knowledge is represen ted i n standardised format . Amenable to automat ion . Supports stat istical  analysis.
Weaknesses: knowledge el ici ted  is  "flat" objec t-at tribut e-val ue knowledge,  with no knowledge of classes,  struct ures,
procedures,  etc.  P robl ems represent ing  some  types of at tribu te (nomina l val ues,  ranges of val ues,  etc).

Brai nstorming (Taked a e t a l. 1993)
Descri ption: requiremen ts eng ineer asks group of stakeho lders t o generate  as many ideas as possible,  wi th emphasis on
generat ion ra ther t han on eval uat ion.
Precon d itio ns: sui t able group of stakehol ders.
Stren gths: good  for el ici t ing  high-level  domai n ent i t ies and quest i oning  assumpti ons wh ich might  otherwise  have
const ra ined  approaches consi dered.  Tool  support  avai labl e for some varie ties.
Weaknesses: suscept ible to group processes; unsystema tic in "classic" form,  though some variet ies overcome th is.

Table 3-2 Some more methods included in the ACRE framework

In most cases, ACRE has been designed to aid method selection for one acquisition session.
One session is defined as an uninterrupted communication between stakeholders who do not
change throughout the session. Several methods can be selected for one session. However,
some methods do not involve planned sessions. Observation and ethnographic methods tend to
be studies of the workplace that have a long duration, and their selection is intended for such.
Furthermore, the sixth facet, method interdependencies, constrains method choice for one
session by taking into account methods used in previous sessions and planned for future
sessions in a programme.
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Rapid Prototyping (Boar 1984, Crinnion 1991) 
Description: stakeholder is asked to comment on a prototype physical working model of the desired system. 
Preconditions:  a prototyping environment is needed. The prototype must then be generated. 
Strengths:  good for catching taken-for-granted issues,  anomalous state of knowledge issues, etc.. 
Weaknesses:  take time and effort to build. Evolutionary prototyping can have inherent dangers for system design if misused. 
 
Scenario Analysis (Jacobson et al. 1992, Gough et al. 1995) 
Description: a scenario is a description of a sequence of actions and events for a specific case of some generic task which the 
system is intended to accomplish. Scenarios include use-cases (Jacobsen 1992, Rumbaugh 1994). 
Preconditions:  a set of relevant scenarios must be generated. This can be difficult and time-consuming. 
Strengths:  integration with structured methods such as OOSE (Jacobsen 1992). Positive feedback in trials (Gough et al. 1995). 
Weaknesses:  Gough et al. (1995) reported that the effort expended during generation was a demotivator towards end of use. 
 
Rapid Application Development (RAD) Workshops (Andrews 1991) 
Description: focus is a workshop in which 8-20 individuals make decisions through the concensus building leadership of a 
trained, unbiased facilitator who is not a stakeholder in the desired system. Offered in different formats (e.g. IE method). 
Preconditions:  workshops require up to three weeks of planning. Important post-workshop activities also exist. 
Strengths:  improves quality and speed of system design. Integrated with current structured methods and CASE tools. 
Weaknesses:  workshops tie up stakeholders often for several days at a time. Only effective for smaller systems. 
 
Ethnographic Methods (Luff et al. 1993, Sommerville et al. 1993, Sommerville et al. 1992) 
Description: requirements engineer spends extended periods of time observing users in their normal workplace. 
Preconditions:  requirements engineers need considerable training in the use of ethnographic methods.  
Strengths:  good for identifying taken-for-granted issues and "back" versions of domain. 
Weaknesses:  require considerable time to undertake. Liable to attribution errors, etc. May fail to detect infrequent events. 
Possible ethical problems in reporting "back" information given confidentially.

Table 3-3 Some more methods included in the ACRE framework

The rest of this section describes each of the facets, beginning with the purpose of
requirements.

3.2.1. The Purpose of Requirements

We acquire requirements for software-intensive systems for 3 basic, sometimes overlapping
purposes:

• To provide a specification for design and implementation of a bespoke system (e.g. Gotel &
Finkelstein 1995);

• To enable selection of commercial off-the-shelf software packages (e.g. Finkelstein et al.
1996);

• To provide a legal contract for system procurement (e.g. Boocher 1990). Whereas
acquisition for bespoke systems is wide-ranging and can benefit from using all methods,
requirements for better package selection and procurement can be acquired through effective
method selection.

Package selection: purchasing a software package often involves selection (e.g. Finkelstein et
al. 1996). In such cases, requirements for the new system should act as selection criteria, so
each requirement should be defined as a separate criterion. Selection can be aided if these
requirements/criteria are ranked by importance. Furthermore, if candidate packages are known,
the acquisition session can capture the fit between each package and requirement, thus
providing a basis for selection. Guidance for choosing methods is shown in Table 3-4, where vv
indicates very good fit, v indicates good fit, - indicates weak fit and x indicates poor fit. The
same scheme is used in all other tables. The table also shows the standard form of output from
using each method: NL is natural language, CD is coded data, OV is object-attribute-value
triplets, SM is set/hierarchy maps, and SA is structured analysis notations.

The most effective methods when candidate packages are known are card sorting and repertory
grid analysis. Unlike most methods, card sorts explicitly encourage respondents to give criteria
which discriminate between things such as software packages (e.g. Gammack 1987). Attributes
in repertory grids have a similar role (e.g. Shaw & Gaines, in press). Rapid prototyping, in the
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loosest sense, is also effective for package selection. This is because software packages
provide full working prototypes that can be exploited to improve acquisition and validation of
requirements. On the other hand, if software packages are not available, sorting cards which
have descriptions of these packages on them has been shown to be effective when the
respondent is familiar with the packages and/or their main functions (Maiden & Rugg 1994).
Another powerful method in such circumstances is laddering, which has also been shown to
acquire criteria that can act as requirements for package selection (Maiden & Rugg 1994).
Laddering uses probes to acquire requirements and selection criteria in an explicit, semi-
structured form. Other methods such as interviewing can also acquire such knowledge, but only
laddering makes definition of criteria an explicit goal.
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Requirements Purposes

Method output NL 
CD 
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NL 
CD 
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Table 3-4 Fit between requirements purpose and method

Requirements procurement: legal contracts must often be expressed in natural language. On
the other hand tables, figures and sketches are not part of the legal document. Therefore
methods producing natural language output are preferred if the method is producing requirements
which will be part of the contract. However, output from methods ranges from natural language,
via restricted language, to closed sets. Furthermore, observational techniques, and those with
natural language as output, often require coding which is error- and bias-prone and time-
consuming. Table 3-4 also shows the form of output from each method and methods to use for
requirements procurement. Interviewing, scenario analysis and RAD all provide requirements in
text form which is suitable for a legal contract, whereas the output from other methods often
needs further processing into a suitable form. However, in the future, it will be important to stress
the need for multi-form legal documents. Some current method notations (e.g. Jacobson et al.
1992, Cutts 1987) stress communication without considering the contractual role of the
specification. Requirement notations must provide affordances for both roles, with notational
extensions to handle intentional redundancies in specifications.

3.2.2. The Type of Knowledge

The type of domain knowledge to acquire is another factor influencing method choice. ACRE
follows standard software engineering practices (e.g. Cutts 1987, Rumbaugh 1991) and divides
knowledge into three broad types (Ashworth & Goodland 1990): behaviour, process and data.
Most methods are effective for acquiring behaviour and process knowledge since it can often be
observed (e.g. Goguen & Linde 1993), verbalised (e.g. Ericcson & Simon 1984), and
communicated during interviews (e.g.  Cordingley 1989), see Table 3-5. However, acquiring data
is more problematic as most stakeholders are more aware of their own actions than of the
information around them. ACRE suggests that card sorting and laddering are often the most
effective methods for acquiring data. Both, unlike other methods, explicitly acquire categorial and
hierarchical knowledge about domains which is useful for defining classes, entities and attributes
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(e.g. Chi et al. 1982, Corbridge et al. 1992). RAD is also encouraged due to its reliance on
structured notations such as entity-relationship modelling.

Table 3-5 The effectiveness of methods for acquiring different types of knowledge

3.2.3. The Internal Filtering of Knowledge

Interviewing is a traditional method for acquiring requirements. However, it assumes that the
stakeholder has conscious, accurate access to all relevant knowledge. In fact though, this is
often not the case. Much knowledge is not accessible to conscious introspection, and of the
knowledge which is, much may be missed (Diaper 1989). ACRE suggests methods to overcome
specific limitations, and argues that several methods will often be needed to acquire complete
requirements.

The first factor to consider is whether the method must acquire knowledge about the existing
domain, requirements for the new system, or both. This distinction is highlighted in Jackson
(1995). Different methods are better for acquiring knowledge about each. ACRE suggests that
scenario analysis, prototyping and RAD are more effective for acquiring requirements for new
systems, see Table 3-6. There are several reasons for this. Scenarios and prototypes (e.g.
Regnell et al. 1995, Acosta et al. 1994) are both simulations of the required system and its
interaction with the environment, and hence provide more effective cues for recall of knowledge
(e.g. Baddeley 1982) and generating new requirements (e.g. Graham 1994). RAD's structured
analysis notations also provide models with a similar purpose. However, the poor predictive
power of people's introspections means that such methods should be used with care (Wicker
1969). No one acquisition method can provide a complete solution to such a complex problem.

When considering existing domain knowledge, the framework makes a broad distinction
between non-tacit, semi-tacit and tacit knowledge. Non-tacit knowledge is accessible to
accurate introspection using interviewing under reasonable circumstances. Semi-tacit knowledge
is accessible, but only with appropriate methods. Tacit knowledge is not accessible to any form
of valid introspection. Attempts to elicit such knowledge will only acquire reconstructed
accounts, which are unlikely to be valid except by accident. Most requirements acquisition
sessions will encounter tacit, semi-tacit and non-tacit knowledge. However, the requirements
engineer needs to recognise where such knowledge does or might exist, and select methods
accordingly.

Non-tacit knowledge: recall of non-tacit knowledge is subject to numerous biases. At a trivial
level, shortcomings include more likelihood of remembering items early or late in a sequence
rather than in the middle of it. A more serious example is that even domain experts may only
selectively recall examples that fit with their preconceived schemata, and forget examples that
do not (Kahneman et al. 1982). ACRE proposes using most verbal methods for acquiring non-
tacit knowledge, see Table 3-6. People, if they are able and willing to recall and communicate
knowledge, will do so primarily using verbal communication, although other methods, such as
modelling, can support such communication. However, stakeholders may also withhold
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knowledge for political or personal reasons. In such cases, more direct methods such as
observation can be more effective.

Non-tacit knowledge

Recognised knowledge

TFG knowledge

Working memory knowledge

Compiled knowledge

Implicit knowledge
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Table 3-6 The effectiveness of methods for acquiring knowledge with different internal
representations

Semi-tacit knowledge: the main factors for semi-tacit knowledge are recognition, taken-for-
granted knowledge and working memory processes:

• Recognition of non-tacit knowledge differs from recall in the access to knowledge (e.g.
Baddeley 1982). Recall often accesses only a fraction of the knowledge that can be
recognised, as shown in work by Tulving & Osler (1968) and their contemporaries. For
example, most people are able to recall only a few function names of a software package that
they routinely use, but are able to recognise all of them if shown a list. Table 3-6 highlights
methods that provide good cues for knowledge recognition in the form of rich semantic models.
Rapid prototyping, scenario analysis and RAD are the most effective methods because
prototypes, scenarios and, to a lesser extent conceptual models, can provide suitable cues for
recalling and recognising knowledge. For example, prototypes can often remind stakeholders
of low-level functions that are often otherwise overlooked. On the other hand, observation and
methods that use verbal communication are less effective because such methods do not cue
recognition;

• Taken-for-granted (TFG) knowledge refers to the filtering process in communication (Grice
1975) which leads to the omission of information which can be taken for granted (e.g. one
would not say: "My computer, which is a machine...."). Stakeholders often treat knowledge as
TFG when it involves everyday things, forgetting that it may be unknown to outsiders such as
requirements engineers. TFG knowledge is best acquired using methods that do not rely on
communication such as observation, protocol analysis and ethnographic methods, see Table
3-6. Indeed, this is one of the main arguments for ethnographic methods (Goguen & Linde
1993). Other methods which do not depend on verbal communication (scenario analysis, rapid
prototyping and RAD) can also acquire TFG knowledge by exposing omissions, errors and
inconsistencies in scenarios, prototypes and semantic models;

• Working memory is a limited-capacity, short-duration memory for information used during a
task which is forgotten within a few seconds unless there is some reason to commit it to long
term memory. It can provide important information about processes and their rationale. Table
3-6 shows that only protocol analysis, which combines observation with verbalisation of
thought processes, can capture knowledge in working memory (see Ericsson & Simon 1984
for details).

Tacit knowledge: tacit knowledge subsumes compiled and implicit knowledge. There is
considerable debate in the literature about these, but the broad trends are well agreed. Compiled
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knowledge is knowledge which was once non-tacit, but which has since been practised so often
that it has become habitualised and speeded up to the point where accurate introspection is no
longer possible. It is well-understood using theories of cognition such as ACT* (Anderson 1990).
An everyday example is using a direct manipulation interface, which involves considerable
thought for a novice user, but which an experienced user can do without even being aware of the
steps involved. Implicit knowledge is knowledge which has been acquired without the individual
ever having accurate conscious awareness of what was being learnt and how (Seger 1994).
Much of the knowledge usually termed "gut feel" is of this sort. Again, such knowledge is not
often available through verbal channels of communication. ACRE promotes use of observational
methods (observation, protocol analysis, ethnographic methods) for acquiring both compiled and
implicit knowledge (see Table 3-6) because the respondent does not need to be aware of such
knowledge. It is also worth noting that requirements engineers themselves are also liable to fail
to communicate tacit knowledge about, for example, notations, methods and concepts because
they assume that other stakeholders already know such knowledge.

3.2.4. Observable Phenomena

Not all knowledge and requirements can be acquired from stakeholders. Methods are also
needed to acquire observable phenomena such as domain objects and processes. Domain
objects are things in the domain such as tangible things like artefacts (e.g. Bright et al. 1995)
and abstract entities like social networks (e.g. Yu 1993). Processes may be very different from
those reported by stakeholders. In most professions there is a difference between the "front" (i.e.
public consumption) version of how things are done and the "back" (i.e. behind the scenes)
reality (Goffman 1959). It is essential to understand the back version. Individual processes are
the "how" and "what" of what the individual does. It is often the case that users tackle tasks
using modalities of which they are unaware. Observation and ethnographic studies are the
obvious methods for acquiring observable phenomena (see Table 3-7), for obvious reasons.

¦¦ x x - x x x x x x - ¦¦Observable phenomena
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Table 3-7 The effectiveness of methods for acquiring observable phenomena

3.2.5. Acquisition Context

Acquisition does not occur in isolation but as part of a larger requirements engineering process.
This process determines the context in which acquisition takes place, and imposes constraints
on method use and hence selection. The most important constraints on method use are
temporal. Each acquisition session requires time to prepare, undertake and analyse. The most
desirable method should be quick to set up, run and obtain requirements and knowledge from.
Other constraints are linked to the manpower available. Skilled requirements engineers are in
short supply (Curtis et al. 1988) and other stakeholders do not want to spend a long time away
from their workplace. Therefore, the most desirable method should need only one requirements
engineer and one other stakeholder. Some methods also need technological support. Most
desirable methods should not require much hardware and other tools such as video cameras
(e.g. Bright et al. 1995). In some cases an acquisition session cannot be organised, thus
limiting the choice of method which is applicable. Furthermore, introduction of new software
systems alters the organisation and power structures within an organisation (e.g. Yu 1993), with
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the consequence that stakeholders can feel threatened and insecure. Their first point of contact
with this threat is often during requirements acquisition. Therefore, although this framework
cannot hope to resolve all social problems that arise, method selection should be tailored to
avoid alienating stakeholders. The most desirable method should not antagonise or bore
stakeholders, or be too intrusive. ACRE defines guiding limits on use of each method, see Table
3-8. (Note that manpower constraints indicate the minimum number of people needed to use the
method.)

Time to prepare session

Time for acquisition session

Time to obtain requirements

Number of requirements engineers

Number of stakeholders

Friendliness to stakeholders

¦ ¦¦ x x

¦¦ ¦¦ - ¦ ¦ ¦¦ - - - ¦ ¦¦

- ¦ ¦ - ¦ ¦ ¦ ¦ ¦¦ ¦ x x

1 1 1 1 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 1 6 2

- ¦¦ ¦ - ¦¦ ¦¦ ¦¦ ¦ ¦ ¦ x x

No technological overheads ¦ ¦¦ ¦¦ - ¦¦ ¦¦ ¦¦ ¦¦ x ¦¦ x ¦

Constraints

Meeting is needed x ¦ ¦ ¦ ¦ ¦ ¦ ¦ ¦ ¦ ¦ x
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Table 3-8 Minimum conditions for method use

Reports of method use indicate that most are quick to prepare and use in a single session (e.g.
Cordingley 1989, Ericsson & Simon 1984, Rugg & McGeorge 1992, Corbridge et al. 1992,
Takeda et al. 1993). Requirements for most large and complex software systems cannot be
acquired in one session (e.g. Gough et al. 1995), so session duration is often determined by
contextual factors such as manpower available. However, some methods need longer
preparation. Building even a small set of scenarios takes considerable time and effort (Gough et
al. 1995). Small rapid prototypes need time to plan, implement and test before use, (e.g. Acosta
et al. 1994). RAD needs at least 1 week preparation and follow up (Andrews 1991). Ethnographic
methods need even longer (Sommerville et al. 1993). Some methods also require considerable
transcription which can take substantial amounts of time. RAD needs a trained facilitator and
minimum of 6 stakeholders (Andrews 1991). At least 2 stakeholders are needed for social
interaction that can be observed using ethnographic methods. Furthermore, ethnographic
methods should include trained sociologists to work alongside requirements engineers
(Sommerville et al. 1992). RAD and ethnographic methods can run the greater risk of alienating
stakeholders (DSDM 1995). RAD needs stakeholders to commit precious time to a long meeting
or series of meetings. Ethnographic methods often 'intrude' into stakeholders' workplaces for
extended lengths of time, which is also a limitation with observation (e.g. Sommerville et al.
1993).

Of course, method selection within managerial, organisational and political constraints is a
complex decision, and ACRE does not attempt to provide complete guidance. However, it does
define some limitations and highlights issues to be considered.

3.2.6. Method Interdependencies

The final factor influencing method choice is the other methods used in an acquisition
programme. ACRE uses a set of acquisition programme plans that represent typical sequences
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of methods used in practice. Methods earlier in the sequence fulfil preconditions of subsequent
methods. One example of a simple plan is unstructured interviews followed by structured
interviews, in which the unstructured interview identifies entities such as broad problems,
requirements and domain features that can be explored in a more systematic manner with
structured interviews. Another is laddering followed by card sorts. Again, laddering acquires
critical domain entities that provide the contents of a card set for sorting. Other plans are
observation or ethnographic methods followed by verbal methods, and interviews acquiring
knowledge to generate scenarios. However, the current set of plans is incomplete. It is our aim
to embed them into the ACRE decision support system outlined in the next section.

3.3. PRACTICAL GUIDANCE

ACRE aims to provide practical guidance for requirements acquisition. Each of the facets
described above can be interpreted as one or more questions to ask about an acquisition
session. Answers to these questions inform method choice. A reader wishing to use ACRE
should to the following.

3.3.1. Determine acquisition needs

Use all facets to determine the needs for each acquisition session. The facets provide a useful
checklist for planning sessions:

• What is the purpose (bespoke, package selection, procurement, or a combination);
• What knowledge can be acquired from stakeholders and observed in the domain;
• What types of knowledge can be observed;
• What types of knowledge can stakeholders provide, and what problems might occur when

attempting to acquire this knowledge;
• Which stakeholders to observe or communicate with;
• What are the practical constraints on each session (time, manpower etc.).

Effective requirements acquisition cannot be planned without first understanding the domain and
knowing both stakeholders and high-level system requirements. Therefore, ACRE promotes
iterative acquisition. It proposes an initial period of information gathering using the checklist.
Several such periods might be needed as requirements and stakeholders change. Future
versions of ACRE are anticipated to include more explicit heuristics to guide this information
gathering.

3.3.2. Choose acquisition method(s)

An effective acquisition programme must be defined, however this, in turn, depends on the
methods chosen. Again, more specific guidelines are needed to:

• Impose constraints defined by the acquisition context to determine the possible range,
scope and number of acquisition sessions;

• Prioritise acquisition sessions according to: (a) the importance of knowledge and
requirements to be acquired and (b) problems which might arise during acquisition;

• Choose methods for planned sessions that acquire the most critical requirements and
knowledge. Use the look-up tables in this paper to select methods with the best-fit. It is
unlikely that one best fit method will emerge, so compromises and trade-offs are inevitable;

• Choose methods for other sessions;
• Check the acquisition programme against constraints imposed by method

interdependencies, and revise where needed.
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Choosing acquisition methods is complex, so it can be more effective to derive a first-pass plan
without considering the interdependencies between methods. This makes application of ACRE
simpler.

3.4. DISCOVERING SYSTEM REQUIREMENTS
USING ACRE

ACRE, as presented in this chapter, serves at least three purposes. First, it identifies critical,
but often overlooked factors to consider when selecting acquisition methods. Second, it raises
awareness of diverse acquisition methods available, and the need to use more than one method
to capture complete requirements. Third, it provides guidelines for method choice based on the
critical factors for selection.

ACRE has been developed to fill a gap in methodological guidance for requirements engineers.
This view is supported by empirical data gathered so far about ACRE. It contrasts with previous
reported research that has tended to push one method. More holistic approaches are needed
which recognise the complexities of requirements for software-intensive systems, and hence the
range of acquisition methods needed.
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4. ACTIVITY MODELLING

In generating requirements for new technical artefacts that will be situated within complex socio-
technical systems, it is crucial to understand the constraints of the domain and the activities of
its human practitioners. In this chapter, we propose that this should be achieved by
incorporating ‘activity modelling’ – also referred to in this document as ‘human activity
modelling’, due to its focus on the human elements of the system - as a key activity in the
requirements engineering process.

We begin by reviewing relevant research and discuss the rationale for the proposed approach to
activity modelling.  In particular, we first present domain-relevant issues related to the
introduction of automation in ATC and then cognitive constraints of the work domain and of the
monitoring activity are discussed. We identify a number of concerns. These concerns fall into
two categories and are indicated as such: those concerns relating to the introduction of
automation into the ATC domain and those relating to the RESCUE requirements process. The
latter are particularly influential in shaping the activity modelling approach presented later in the
chapter. A framework for work analysis is presented including principles that have already been
discussed in relation to ATC. In addition, examples of the application of the proposed activity
modelling approach are included.

4.1. HUMAN FACTORS ISSUES FOR THE
REQUIREMENTS GENERATION PROCESS

In this section, we first present domain-relevant issues related to the introduction of automation
in ATC and then discuss cognitive constraints of the work domain and of the monitoring activity.
Both these topics are relevant to the requirements generation process, and hence their
implications have been stated either as Automation (A) or Process (P) Concerns. While it is
envisaged that different sources (e.g., upper management and controllers) will be fed into the
requirement generation process, the development of an activity model will “inform” the process
throughout.  In fact it is hypothesised that requirements cannot be generated without an
understanding of how practitioners interpret the goals and constraints of the work domain by
developing appropriate (or less than) strategies to cope with them.  While requirements can be
elicited through a wide range of techniques as discussed in the previous chapter, they all need
to be consistent with assumptions made in the activity model.  If inconsistencies arise, then
either the model or the requirements should be reviewed. This discussion leads us to identify
the first process concern, P-1.

Process Concern P-1: The construction of an activity model is a necessary condition for
developing and interpreting requirements.

The process of formulating requirements for any tool to be integrated into a complex
environment, is not a neutral recording of the users’ needs but it rather reflects the vision of the
design team in at least three areas:

• the automation philosophy that broadly states what is the role of operators and their (new)
goals given the introduction of a particular set of tools

• the modelling of the domain including major constraints of the environment, resource
management strategies, co-operative structure and co-operative behaviour

• the modelling of the particular activity the new automation will affect.  As for domain
modelling, goals and resources will be described.

From this understanding, we can derive a first Automation Concern:
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Automation Concern A-1: The automation philosophy should draw on “lessons learnt” from
previous automation experiences in the same or similar domains.

The modelling of the domain is at a rather high level and it includes the human-machine
system’s goals, co-operative structures, roles and role sharing.  Modelling at this high level will
help to constrain human behaviour analysed in the context of a particular activity.  For example
certain cognitive mechanisms, such as filtering, are explained by the presence of a system level
goal, i.e., by the need to cope with a large amount of data.

One important objective of modelling the operator’s activity is to identify non-prescribed ways of
achieving goals -  the existence of non-prescribed sub-goals that are nevertheless established
by the community of practitioners to make the system more effective.  Typically some of these
non-prescribed means and sub-goals will not be incorporated into the design of the new tool for
different reasons.  Conditions of occurrence of the non-prescribed means and goals might not
be fully understood and besides they might not be exhaustively identified during activity
analysis.  Alternatively, the technology might not be developed sufficiently to incorporate many
different ways of achieving the system goals, or the design of such a complex system would be
too expensive compared to the benefits obtained from relying on human operators. This
discussion leads us to posit a second Process Concern:

Process Concern P-2: Whatever level of (human-machine) system analysis is chosen, if that
level includes the description of goals, then non-prescribed goals should be included as well.

Typically the existence of non-prescribed goals is inferred through the use of acquisition
techniques such as field observations, scenario walkthroughs, as described in chapter 3.

The automation philosophy, and domain and activity modelling will highlight a number of
potential consequences of introducing the new tool.  These consequences will allow anticipating
possible impacts in terms of information needs, interface requirements and training needs.
Some of the issues associated with the introduction of new technology will be discussed later.

Process Concern P-3: Early in the requirement engineering process, a basic question should
be asked: What are the major concerns associated with the introduction of tools that should
support operators during their monitoring, planning and decision making activities?

The next sections present a more detailed articulation of the automation philosophy, domain
and activity modelling.

4.2. AUTOMATION PHILOSOPHY

One of the main features of a dynamic process control environment is the presence of uncertain
data (for a description of complex socio-technical system, see Vicente, 1999).  Its non-
determinism, means that a priori, from a given point of view (i.e. a specified point in time and
geographical space) there is no irrelevant information.  For example, from the perspective of a
team of controllers working on a sector, there is potentially no data that would ever become
irrelevant and thus that could definitely be omitted.  On the other hand a major feature of some
automated tools in Air Traffic Control is to help controllers in focussing on the most likely
relevant information in the near and medium term.  Controllers seemingly face a paradox: they
need to mediate between a representation centred on the most likely relevant information and at
the same time they need to “keep an eye on” other less relevant information.  The paradox is
that while the tool supports controllers’ activity by highlighting the relevant information,
controllers have the additional task of being aware of information not highlighted by the system.

Process Concern P-4: Findings from previous studies (such PHARE, CORA1, ERATO) should
be examined to learn whether a tendency to over-rely on automation has been detected and
discussed.



Page 55 of 238

The paradox described above can be illustrated by differentiating between three levels of
representation in ATC.

4.2.1. Levels of Representation in Air Traffic Control

Air traffic control is characterised by a large amount of data processed through different means.
Three levels of processing have been identified corresponding to three different representations
for ATCos.

The first level includes the raw data taken as input by the radar processing system and the
flight plans as they are deposited with any Central Flight Management Unit (CFMU).  These
data are then treated by flight data processing systems and disseminated to the appropriate
Control Centres.  Controllers never work with this level zero representation although these data
form the basis for the successive representations.

The second level corresponds to the output of the radar and flight processing system and it is
presented as radar image and paper/electronic flight strips.  These are the data on which
controllers must rely to manage the traffic.  Most of the time controllers do not need to check
the reliability of the information on the radar scope unless some failures occur in the radar or
flight plan processing systems.  They do however regularly verify the information on the strip as
that might change with traffic evolving over time.

The third level builds upon the data processed at the second level plus updating information
input by controllers.  Thus radar, flight processing and future traffic data (input by controllers)
are processed to produce information in support of controllers’ activities.  Examples are tools to
“project” future aircraft trajectories, colour coding and tools to detect and solve traffic conflicts.
Because this third-level representation is based on a deterministic view of the process evolution,
including what is assumed to be relevant at any given time, it is complementary and should
never replace the second level.  The latter includes all of the available data and is a more
reliable representation of the on-going traffic because it depends only on the radar and flight
processing system and is thus less amenable to erroneous inputting actions.  More generally,
lack of absolute software reliability, limited scope of the algorithms and human inputting errors
induce controllers to periodically verify the output of the automated tools against the level two
representation.  Mismatches between the two levels mean that controllers have an additional
task related to managing the interface rather than the primary process, i.e., the traffic.

Worries about over-reliance on automation can be framed in terms of the operators referring less
and less to second-level representation and relying for their activity mostly on the third-level
representation, the output of the automated tool.  Because the third level is not as complete and
reliable as the second level, decisions based exclusively on the output of supporting tools (such
as conflict detection) may be biased by the limitations of the tools themselves.  In other words,
there should always be a switch back and forth from level two- to level three- type of
representation to guarantee that operators stay as close as possible to the real evolution of
traffic (see Mosier, 1997; Mosier & Skitka, 1996).

Automation Concern A-2: Because over-reliance on automation has proven to be an
intervening factor in incidents and accidents for complex and risky domains, the introduction of
activity supporting tools should not push operators to exclusively rely on those tools to control
the process.

This concern has implications for:

• Design: controllers should have access to the information necessary to anticipate future
conflicts independently of the presence of conflict detection and resolution tools;

• Training: controllers should be made aware that any tool automating part of their activity
has a domain of validity which might not include all of the goals achieved by controllers.
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Those goals that are not part of the validity domain of the tool should remain active if they
still contribute to the efficacy of the whole system;

• Testing: under the automation philosophy assumption, if controllers rely only on the level-
three representation they may not feel that they have a complete or satisfactory
representation of the current situation.  If that is the case, this should have a number of
(measurable) consequences on their situation awareness.

4.2.2.  Validity Domain

For any tool supporting human activity, its scope should be identified with respect to the range
of known goals achievable within the activity particularly concerned by automation.  Identifying
which tasks and goals of the activity will fully remain under the control of operators and which
are partly taken up by the automated tool amounts to defining the validity domain of the
operators and that of the automation respectively.  For example, if later in the design of a
system such as CORA-2, it is found that some conflicts are detected by controllers but not by
the automated tool, then this will suggest situations where controllers’ detection and resolution
skills are particularly needed.  This remains true even under the assumption that controllers’
activity will rely more and more on automation.

Process Concern P-5: The boundaries between what the tool will do and what are the
situations where controllers will need to rely heavily on their own perception and judgement,
need to be identified.

The reference here is not only to exceptional conditions but also those conditions for which the
algorithm does not work.  These conditions might arise because the objectives of the controllers
might differ at times from those of the system.  It seems that clearly identifying the differences
between operators’ and the system’s goals will help operators understanding what is the logic of
the system and which goals will remain mostly dependent upon them to be achieved.  Often
these additional goals make the system more efficient, more redundant therefore safer.

Process Concern P-6: The goals (prescribed as well as non-prescribed) of the activity
concerned by the automation should be clearly identified through activity analysis as early as
possible in the design process.  Observational and interviewing techniques and more formal
knowledge elicitation techniques should aim at identifying informal goals that might not be
currently described but contribute to the overall system efficiency and safety.

4.3. DOMAIN MODELLING OF AIR TRAFFIC
CONTROL

Any model of a complex socio-technical system has to include the notion of constraints
(Vicente, 2000); constraints are important because they delimit the space of possibilities to be
considered. In the Air Traffic Management domain, a high-level constraint is that the system to
be controlled is, by virtue of its openness, non-deterministic (Vicente, 1999).  What makes this
system non-deterministic are, among other things, environmental factors such as
meteorological conditions and the fact that air traffic controllers do not really control a technical
system but they rather aim to exercise their “control” over people (pilots) who in turn operate a
technical system (aircraft).  In spite of its non-determinism and the presence of uncertain data,
the system is quite predictable, in terms of, for example, route structure and flows of traffic.
Notice that future innovations (free route, free flight) are going to remove these sources of
stability thus, raising the issue of identifying new predictable patterns.

Process Concern P-7: In understanding the domain it is important to identify what are the
constraints that make the system predictable and what are the degrees of freedom justifying the
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observed variability.  Flows of traffic, for example, constrain the search space for conflicts,
allowing the identification of likely conflicts.  The mechanical properties of an engine allow
anticipating its rate of climb or descent although some degrees of freedom translate in a range
of permissible aircraft behaviour.

Because of its non-determinism, there is a priori no information, from a given point of view in
space and time that is irrelevant.  For this reason, monitoring of the entire traffic situation is
virtually a continuous background activity.  We might propose a number of “filters” to help
controllers focus only on the “relevant” information.  However those filters that actually obscure
the perception of temporarily “irrelevant” information, have been sometimes discarded as
presenting potentially a safety hazard.

The non-determinism of the system and, on the other hand, limitations on human information
processing capacity require that at any point in time, the operators keep only certain
information in the foreground, “pushing” the rest in the background of their attention.  The
shifting of information between the foreground and the background is dynamic and it depends on
subjective as well as prescribed goals relevant in a specific situation.  For example, it has been
shown that the amount of information controllers consider in a given situation reveals their risk
assessment and, in general, their resource management strategies.  In fact the more confident
they are in the evolution of the situation, the more focused their representation is.  In other
words, the number of aircraft they need to actively monitor reflects the degree of uncertainty
controllers feel over the situation.

Process Concern P-8: The shifting of information from background to foreground, i.e., the
filtering of information, should be analysed as a result of resource management strategies.

As a consequence the shifting of foreground/background is subject to individual variability.
Subjectively available time, trust in pilots’ compliance, confidence in a controller’s own
knowledge and skills, and workload perception, are some of the subjective variables intervening
in the monitoring process.

Process Concern P-9: Because the assessment of a situation depends not only on the
information available but also on the way the information is weighted, the subjective factors
involved in the assessment of the situation should be understood as part of the way in which
goals are achieved.

The adjusting of the foreground / background has important implications for the modelling of
cognition in complex environments.  Because demands (such as the amount of information to
cope with at any one time) often exceed resources, practitioners have to work out compromises
between an ideally exhaustive representation of the actual state of affairs and the achievement
of high priority goals. For example in the military aviation domain, Amalberti has found that
expert pilots accept to live with minor aircraft malfunctions (Amalberti, 1996).  In the ATC
domain, Leroux (1992) observed that controllers accept to take decisions in a state of partial
ignorance.  Keeping updated about the current state of the system (i.e., flying aircraft) would not
leave practitioners enough resources for other important aspects of their activity, such as
planning and monitoring highly relevant parameters.

In highly dynamic socio-technical systems, the internal and external resources have to be
managed to cope effectively with the system demands.  Resource management strategies are
important regulating mechanisms that account for individual variability in goal achievement and
goal prioritisation. Recent studies in monitoring processes in high tech environments (Mumaw,
Roth, Vicente & Burns, 2000) showed that operators devised a number of strategies to make
the best use of available resources to obtain information about the state of the system.

In ATC, resource management strategies such as subjective risk assessment, subjectively
available time and workload assessment, have been shown to intervene in the monitoring
activity.  Variability in resource management strategies account for individual differences,
among other things, in problem formulation and solution.
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Process Concern P-10: Modelling the activity in complex and dynamic environments has to
include an analysis of the external and internal resources and an analysis of different resource
management strategies.

4.3.1. Monitoring activity

The discussion that follows on monitoring activity has the purpose of providing some
background knowledge to better understand problem solving behaviour in ATC.  This knowledge
does not intend to support directly the design of an automated aiding tool, but to show that
problem solving does not happen in a vacuum.  Rather, it is the result of monitoring strategies
possibly leading to different problem formulation and thus different solution strategies.
Monitoring in ATC heavily relies on anticipation of future evolution more than on a representation
of what has happened in the recent past.  Monitoring then is essentially proactive although it
concerns also the verification that the parameters be currently within the safe envelope.  The
choice of monitoring strategies and thus the variability in the monitoring outcome depends on a
number of factors.  These latter contribute to the definition of the context in which problem
formulation and problem solving take place.  This context should be considered if the tool is to
be compatible with practitioners’ information processing features and expertise.

Thus this discussion does not aim at carrying out an activity analysis but only at highlighting
some of the goals implied by the monitoring activity and some features of information
processing in ATC derived from existing literature.

Process Concern P-11: An understanding of monitoring in ATC, (that is, how the information is
selected and evaluated) should be a pre-condition before focusing on an analysis of problem
solving strategies.

Previous studies in ATC showed that the goal of monitoring activity is much more than
anticipating future loss of separations (Amaldi 1999).  Four broad goals have been identified,
though they are not intended as exhaustively characterise monitoring activity.

Conflict detection is a multi-purpose activity: safety is only one of the highest level goals, a
second being an efficient use of the available airspace.  Monitoring activity is a chance for
controllers to keep up with traffic developments thus maintaining an accurate “picture” which is
a necessary condition for achieving safety and efficiency.  In other words searching for conflicts
satisfies not only the goal of avoiding transgression of separation norms, but it is also a way for
controllers to stay in the “loop”.  This is because by checking the likely as well as the less
likely future conflicts, controllers monitor the overall traffic situation.  There is abundant literature
showing that human beings are more reliable when active rather than passive monitors.

A third, non-prescribed goal of monitoring activity is the relief of workload of neighbouring
sectors (Bowers, Blickensderfer, Morgan, 1998).  Conflicts might be diagnosed with the intent of
regulating the traffic soon enough so that the next sector will not have to deal with it. A fourth
goal, also non-prescribed, is the monitoring for conflicts that might occur in neighbouring
sectors with the intent of warning the concerned sector in case the conflict got overlooked. In a
way an early monitoring is a “safety net” and it contributes to increased redundancy in the
system (Bowers, et al., 1998).

The improvement of air traffic fluidity is not only accomplished by strictly solving conflicts but
through co-operating with the concerned parties, in particular by anticipating requests from the
other sectors and from pilots.

Process Concern P-12: The description of these soft-goals has a double implication for
modelling:



Page 59 of 238

• The outcome of monitoring activity varies depending on the soft-goals that are considered.
Therefore non-prescribed soft-goals have to be included in an analysis of the activity.

• The detection of a conflict has to be “framed” in a perspective where diagnosis is not only
the projection of future trajectories, but it is also considered a higher level regulating activity
where compromises among competing goals (eg, “keep the workload low” and “be co-
operative”) have to be worked out.

The variability of the monitoring outcome depends also on some contextual human information
processing features. The anticipation of future traffic development reflects differences in
subjective risk assessment.  Several developments might be considered more or less likely
depending on the risk attitude.  A risk-averse attitude will not rule out any possibility, while a
risk-prone attitude would rely more consistently on “default” knowledge to rule out a number of
possible traffic evolutions and thus possible conflicts. Controllers may also use separation
norms higher than those prescribed.  This is a parameter that varies between and within
controllers, meaning that for different situations the same controllers can adopt a different
separation value.  The geometry of the conflict is a well-known factor accounting for variable
separation values.  Again subjective risk assessment also accounts for variability.

To summarise, the variability of monitoring outcome depends, among other things, on the
characteristics of human cognition in the context of complex systems management.  Subjective
risk assessment, trust in a controller’s own default knowledge, trust in members of the team,
trust in other partners’ reliability, all affect the monitoring outcome.  The integration of these
factors contributes to an understanding of strategies for managing internal resources.  In
particular the notion of subjective risk assessment has been recognised as playing a central
role in the control of dynamic and risky systems (Amalberti, 1996, Amaldi & Cellier, 1997; Hoc,
1996; Hollnagel, 1993; Valot 1996).  An interaction among the risk attitude, the trust in a
controller’s own default knowledge and the variability of evolution of the process (i.e., limited vs.
multiple evolutions) has been suggested to affect the monitoring outcome (Amaldi, 1999).

Process Concern P-13: Because the result of a diagnostic process (i.e. establishing whether
or not there will be a conflict) reflects a combination of factors, caution should be taken by the
analyst in trying to establish “the best” problem formulation.  Different diagnostic outcomes
might reflect different trade-offs between competing needs.

Automation Concern A-3: The introduction of automation to help practitioners make decisions
should allow for the subjective risk assessment associated with choosing a particular course of
actions.  This is independently of how technically solid the “advice” generated by the tool is.

Other aspects of the diagnostic activity are less variable.  For example, heuristics and
templates based on previous controllers’ experience make the searching process quite
predictable, i.e., conflicts are searched for in the specific area of the radar scope where they are
thought to be found and certain configurations are more likely to receive immediate attention
than others.

If more than one conflict is detected, then deciding on priorities, refining the assessment of the
situation and selecting a solution might be quasi-concurrent processes. For example, the
literature on expertise (Klein, 1993) has shown that a problem formulation is strongly associated
with one or more solutions.  This appears to be true in ATC as well (Amaldi, 1994).  The relevant
issue is the identification of those factors that explain variability of the practitioners’ behaviour,
rather than searching for a sequential ordering of semi-automated or fully controlled steps
(Hollnagel, 2000).  Or even better, constraints that reduce the variability on the one hand, and
degrees of freedom of the environment that are mapped into cognitive variability, should be
described.  In other words, what needs to be explained is what are the environmental and
internal factors leading people to frame differently the same problem and thus selecting different
solutions.  Previous studies (Eveleigh & Amaldi, 1999) showed intra- variability among
controllers and inter-variability, between controllers and the aiding tool in formulating traffic
conflicts.
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Process Concern P-14.:  When analysing human performance the focus should not be on re-
constructing the “right” sequences of actions but rather on linking the possible differences in
action sequences and goal settings to subjective parameters.

These parameters have partly been identified in the process control literature (Amaldi, 1999;
Leroux, 1992; Hollnagel, 1993, 2000, Sperandio, 1972; Vicente, 2000) and their changing values
associated with different control modes.

4.3.2. Specific Aspects Characterising Diagnostic
Activity in ATC

Having addressed some broad issues related to non-prescribed goals and to the role of resource
management strategies, some more detailed aspects of diagnostic activity (i.e. activity aimed at
discovering whether or not there will be a conflict) can be considered so as to be able to link the
perception of the tool by the operators to the different phases of the diagnostic activity.  The
underlying hypothesis is that diagnostic activity as well as problem solving are dynamic and the
same information might be evaluated differently according to the time at which it is obtained.

As an example, consider three “local” decision points characterising the formulation of a
problem:
1. The time at which the conflict is going to be solved.  When the dynamics of the process

allows for it, then problems might be solved at different times and therefore the solution
adopted might differ depending, among other things on the time horizon chosen (Hollnagel,
1993);

2. The aircraft on which to act. Previous observations showed that sometimes interference is
not symmetric. That is, given a certain traffic flow, aircraft A might interfere with aircraft B
but the opposite is not true, thus a new clearance will be considered for aircraft A only.
Other relevant criteria are:
• the consequences associated with acting on each involved aircraft;
• the information available concerning each flight;
• beliefs about typical pilot’s behaviour;

3. The kind of clearance  to be issued to the pilot.  Variability in selecting a clearance might
be explained by the configuration of sector controlled, the formulation of the problem, the
resource management strategy adopted (such as trade-off between being focused and
overall monitoring needs), pilots’ preferences and other ATC constraints.

It should be stressed that the order in which these variables intervene is not fixed partly
because they might be closely intertwined with problem formulation and thus be almost
automatically triggered.  However each of these variables constitute, more or less explicitly, a
decision point, incrementally restricting the scope of the choice available.

Process Concern P-15: The relevance of an aiding tool should be assessed in relation to the
stage of the problem solving process.  Different “local” decision points might be identified and
considered as incrementally narrowing the available choices.

Notice that the three aspects of the decision making process outlined above, might lead to
different decisions depending on the control mode of the operator. For example, the evaluation
of the consequences of issuing a clearance to one aircraft, might be better assessed if
controllers operate in a “tactic” rather than in an “opportunistic” mode (Hollnagel, 1993, 2000).
Thus, the time at which a solution is implemented, the object is acted upon, and the particular
action chosen, might provide relevant dimensions to characterise expert performance.

Variability in these local decision points might not necessarily reflect degree of control over the
situation.  Many field observations have shown that controllers are often aware that for any traffic
problem, a number of “solution frames” are available each satisfying a set of different
constraints.  Ranking of different solutions might only be acceptable within a given "frame” of
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problem.  This question needs further investigation but there are probably a number of trade-offs
associated with each solution.

Process Concern P-16: Trade-off criteria used by controllers to evaluate different solutions
should be explicitly identified if they have to be represented in the interface.

Previous advanced ATM projects (see AERA in the USA) had made important decisions
concerning the human-machine interface based on an “intuitive” model of human information
processing.  There is a strong consensus in the literature that this has led to major rejection of
the technology designed.  Another major problem in the aviation domain has been the design of
interfaces that made the underlying logic of the system opaque.  This has made it difficult for
pilots to appreciate the “meaning” of the automated tool.  One of the objectives of an activity
analysis is to lay out the non-prescribed goals and how they reflect effective resource
management strategies.  Later in design the prescribed and non-prescribed goals set up by
practitioners will be used to clarify what is the domain of validity of the automated tool, i.e., what
are the goals that are not pursued by the automation.  Later during prototype testing, this will
help practitioners understand the meaning of the output of the tool, i.e., what is the logic of the
system.

Process Concern P-17: One of the objectives of the activity analysis is to highlight the current
system goals and to later relate them to the goals pursued by the automation.  A system’s
logic should be clear to operators and explained in terms of goals that are relevant to their
current practices, as they emerge during the activity analysis.

4.3.3. Aspects of Team Co-operation in Silent
Environments

As a way of further identifying relevant issues that should be included in the activity model,
some observations were made during the CORA1 simulation.  One of the main results was that
the electronic environment highlighted some important aspects of the team co-operation that
should be considered when introducing automation in current practices.  In particular, some
issues pertaining to co-operation and communication have been identified.  Notice that the
relevance of these issues has emerged during observations in a particular condition (early
simulations) but they could have arisen in other more "natural” conditions (for a review of these
issues see also Hopkins, 1995, Bannon & Shapiro, 1995; Harper, & Randall, 1995; Randall &
Harper, 1995).  Because some of these issues concern highly routinised behaviour, their
relevance became more obvious once these patterns of behaviour had been disrupted by the
introduction of new technology.  In particular, four relevant areas have been identified:

• Information concerning co-ordination actions planned by the planning controller are not as
accessible to the radar controller as they were when marked on the paper strips. Thus
although the information is always available the means of transmitting it is different and this
introduces new needs for communications suited to the new work environment (cf. Fields,
Paternò, Santoro, & Tahamassebi, 1999 for a study on communication patterns in a data
link environment)

• When carried out through the phone, negotiations between planning controllers of different
sectors can be heard by the radar controller.  S/he might use this information to anticipate
traffic developments.  “Silent environment” suppresses certain environmental cues again
stressing the need to establish new ways of communication.

• The planning controller seemed to monitor the work of the radar much less than before.
This appeared to be due to some local conditions (heavy traffic, lack of familiarity with the
new working position, management of the interface) and to the design of the working
position that seemed to encourage both controllers to work “on their own”.  Some forms of
mutual checking might be lost in the electronic environment.

• In particular during high peak traffic, the planning controller did not monitor the actions of
the radar controller and, in general, it seemed more difficult for both controllers to share
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some common knowledge of the situation.  They both felt a sense of “isolation” from each
other.  Some new forms of co-operation might need to be designed to cope with some
intrinsic features of the electronic environment.

These issues highlight some co-operative aspects of the diagnostic activity.  As shown in other
complex technical domains (Mumaw et al., 2000), operators have learned to use a number of
sources to infer the current state of affairs.  Other people’s gestures, actions and verbalisations
are then proactively used for anticipating future developments.

Process Concern P-18:  The role played by the team in detecting and solving problems should
be highlighted. In particular,
• the role played by non direct communication (e.g., watching and listening)
• the role played by the “looking over the shoulder” of the planner, and
• the role played by a shared understanding of the situation
are all examples of prescribed as well as non-prescribed tasks that are part of team co-
operation strategies implemented to achieve effective control over the traffic.  While automation
might suppress some of these resources, their role should be understood and compensations
should be envisaged.

As is the case for individual performance, non-prescribed goals are also associated to the
collective dimension of solving problems.  Concerning team co-operation, Randall & Harper
(1995) concluded that “maintaining attentiveness to other people’s problems” was one of the
non-prescribed objectives which, by the way, contributed to redundancy and thus safety of the
system.

Before turning to detailing the process of building the model, we shall present some additional
issues relevant to digital environments.  These issues partly derived from our informal
observations of CORA1 simulations, and were confirmed by the literature on automation.  For
example, the replacement of paper with electronic flight strips, the introduction of automated
and digital co-ordination, has changed the layout of the work domain (Vicente, 1999) with
consequences for the control tasks and the workers’ skills.  Here are some examples
concerning the structure of a control task (i.e., co-ordination), the structure of the information
available for monitoring and the level of workers’ skills:

• Replacing oral with digital communication imposes a sequential ordering to actions that
were previously achieved by a single move.  The question is whether some actions might be
neglected because to carry them out controllers would need to use different communication
modalities (digital and oral). For example, ATC field observation in an advanced operational
room (Amaldi, Barale, Di Rienzo, 2000), showed that sometimes co-ordination is not only
concerned with determining the entry (or exit) flight level but also the time at which the
aircraft is “handed over” to the receiving sector. This latter form of co-ordination has to be
carried out through the telephone.

• What are the cues that controllers use to infer the state of the system? Computer displays
(such as the “glass cockpit”) suppress certain environmental cues that allowed operators to
infer, for example, what actions had been carried out by other members of the team.  The
question is how to achieve the goal of remaining informed about the state of the system in
particular with respect to actions planned and carried out by others.

• What are the skills that might be weakened or lost in the digital environment? It is a well
known fact that automation implies the loss of certain basic skills such as memory and
monitoring.  The question is whether operators would elaborate strategies to compensate
for these losses or whether this issue should also be addressed at the training level.

These examples show the far-reaching consequences of introducing automation in complex
technical systems. Three major areas have been identified:

• Inter-team co-operation;
• How information about the system or about other people’s intentions and plans is gathered;
• How skills are maintained.
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The introduction of automation might affect differently any of these broad areas, depending on
the nature of the tool.

Process Concern P-19: One of the goals of modelling the controllers’ problem solving behaviour
is to identify which aspects of the performance might be affected by the introduction of the
automation.

4.4. SUMMARY OF CONCERNS

In this first part of the chapter, we have discussed, in the context of air traffic control, some
broad issues pertaining to automation, namely function allocation (the validity domain of the
tool) and over-reliance on the new representations offered by the tools.  Both function allocation
and over-reliance appear to be relevant from the very beginning of the design process and we
suggest that they rely on an understanding of controller’s activity.  Further, some broad features
of the air traffic control work domain and of the diagnostic activity have been discussed with the
objective of highlighting issues that have to be addressed during the requirement process.  In
particular four issues have emerged:

• Diagnosis is a multipurpose activity: detecting and preventing loss of separation is the basic
objective to fulfil a safety concern. It is not, however, the only objective.  There are a number
of non-prescribed goals that, by making monitoring and problem solving effective, contribute
to the notion of job’s satisfaction.

• Because resources are limited, often the achievement of prescribed as well as non-
prescribed goals implies strategies for managing resources, external (such as co-
operation), as well as internal (e.g., subjective time, risk assessment, knowledge of the
system).

• The multipurpose nature of the diagnostic activity and the resource management strategies
account for the (intra- and) inter-subjective variability of the diagnostic outcome. It is this
variability that is an important route to understanding human cognition in context.

• Team co-operation and communication contribute to the outcome of the diagnostic process.
A number of items of information about future evolution of the traffic is passed on from one
member of the team to the other through various means (not just oral communication).

Process Concern P-20: The activity model for diagnostic processes in ATC should include at
least:
• A description of prescribed and non-prescribed goals
• Individual and collective strategies (i.e., information processing, problem solving and

decision making) for achieving those goals
• Resource management strategies to cope with constraints
• Inter- and intra- subjective variability to highlight controlling mechanisms

From this discussion it follows that the detection of a problem should be viewed as part of a
broader context including prescribed and non-prescribed goals (such as improving the traffic
flow, maintaining situation awareness, regulating workload) and as a result of some resource
management strategy.  Notice that understanding how these factors come into play lead to
classification criteria of the different problem solving strategies in terms of the goals achieved
and how are they achieved.  Because the same action might have different consequences
depending on the context, the action has to be considered as part of a wider plan.

Process Concern P-21. The detection of the problem should not be treated either as an
isolated event or as a starting point of a problem solving process.  The identification of a
problem should rather be considered as the product of a number of interacting factors, some of
which have been discussed so far.
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The characteristics of an activity model will now be discussed from a broader perspective with
some reference to ATC but with an emphasis on concepts and methods that are at the basis of
the building of such a model.  These concepts have been discussed in the literature on
industrial process control.  Our discussion benefits particularly from the works on Cognitive
Task Analysis (CTA) literature in the area of cognitive engineering (Hollnagel 1993, 1998, 2000;
Potter, Roth, Woods & Elm, 2000; Roth et al., 2001; Vicente 1999).

4.5. ACTIVITY ANALYSIS: MODELS AND
METHODS

The main objective of an activity analysis is to uncover high level requirements for designing new
tools, procedures or training to enhance safer, more productive and more rewarding work
practices (Potter et al., 2000).  The focus of the analysis is to model demands of the domain,
knowledge and strategies of domain practitioners and how the artefacts influence performance.
The activity analysis is not a stand-alone but an iterative process: during the successive phases
of a product development new requirements are discovered and the activity model is further
refined.

Activity can be analysed from two perspectives: the work domain and the practitioners. The
work domain includes constraints and goals that make the work challenging. Understanding the
domain characteristics is essential for interpreting performance. For example, what constraints
in the domain are the practitioners responding to and what constraints are they less sensitive
to? Based on an understanding of this and other factors, requirements for effective support can
be discovered.  At the same time, the boundaries of feasible support can be defined in terms of
what are the aspects of the activity that technology can support and what are those aspects
that go beyond the capabilities of current technology (see the notion of validity domain
illustrated in section 4.1.2.2).

The other perspective from which activity can be analysed focuses on the practitioners. This
looks at individual and collective information processing and problem solving strategies
developed in response to the demands of the domain. As will be further illustrated,
understanding knowledge and strategies provides another window for uncovering effective ways
for dealing with domain demands and for generating ideas for more effective support systems.

Vicente (1999, 2000) has elaborated a framework for conducting work analysis in complex
socio-technical systems.  He claims that his framework, which he calls a formative framework,
departs from the prescriptive and descriptive approaches in as much as it models constraints
and degrees of freedom of the environment, as well as practitioners’ performance.  One of his
major points is that for the work analysis to “inform” the design process, it has to include:

• properties of the work environment that constrain performance, and
• the degrees of freedom allowing for that variability that makes the system flexible.

The design of the new tool has to support practitioners’ recognition of the constraints and at the
same time it has to encourage individual variability.  It is this variability that has been shown to
be a necessary component in the conduct of a socio-technical system. Air Traffic Control (ATC)
is an example of a complex socio-technical system and as such it is open, and characterised
by:

• the presence of unexpected events and disturbances that cannot always be anticipated by
designers;

• the existence of many (non-prescribed) goals each of which may be achieved by a number
of different sequences of actions;

• the fact that workers set up for themselves (non-prescribed) goals that contribute to the
safety and productivity of the whole system.
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The achievement of this latter class of goals is discretionary and it partly explains the variability
of human action.  Studies carried out in other complex domains such as manufacturing
systems (Norros, 1996) and hospitals (Cook & Woods, 1996) showed that workers are capable
of dealing with situations that could not be anticipated by designers because they are
dependent on local, contextual information available in real time.  If complex socio-technical
systems rely on adaptive problem solvers, they are also highly constrained in terms of the
permissible actions (Suchman, 1987).  Unfortunately the literature shows that local adaptive
behaviour might lead to misuse of available resources (tools or procedures) and violation of
constraints (Vicente, Burns, Mumaw & Roth, 1997) with potentially serious consequences for
the safety of the controlled process.

Process Concern P-22: The design of new information systems should support workers in
staying within the safe envelope and at the same time it should encourage individual variability
in as much as it represents flexibility and adaptability.

In fact, for complex and risky systems, adaptable human behaviour is a guarantee for safety
and productivity. The identification of constraints is central to this approach as they allow
specifying boundaries on action and at the same time they identify the permissible degrees of
freedom.

4.5.1. Workers as adaptive and creative problem
solvers

A common finding in the automation literature is that workers adapt their tools and work
practices to better meet the domain demands (Norros, 1996; Woods & Sarter; 1996 Obradovich
& Woods, 1997). These forms of adaptation guarantee an increased efficiency and safety as
long as they respect the constraints imposed by the work conditions.  A careful analysis of
these constraints will inform the design of automated tools that support workers in recognizing
and respecting the constraints while delimiting the area of permissible degrees of freedom.  In
other words, local adaptations need to be analyzed in order to support, through training or
design, the advantages and prevent unsafe deviations.

More automation will require workers to be increasingly adaptive as they need to tailor the tool
to local circumstances that could not have been anticipated during design.  Studies on
automation adaptation showed that there are two kinds of adaptations: permanent and
temporary. The former refers to design deficiencies and thus they could have been avoided.  The
latter reflect local adjustments, ways in which workers “finish the design”, that is, adapt the tool
or procedure to the local conditions making the joint human-machine-environment system more
effective and safer.  In order to finish the design, workers need to have access to the necessary
information and they need to be able to solve problems and communicate in effective ways.
Often not enough information is provided to practitioners to allow them to recognize
unanticipated situations, and adequate control mechanisms, required to respond to the
situation, are not designed in the new tool (Norman, 1990).

In the case of temporary adaptations of the design to local circumstances, it is only up to the
practitioners to decide when and how to fit the tools (or the procedures) to the demands of a
particular situation.  In complex socio-technical systems, there are typically demands that
cannot be anticipated by the designers and that contribute to the occurrence of disturbances.
These demands depend both on unforeseeable environmental factors (such as the meteo
conditions) and on unforeseeable resource management strategies.  For example the
subjectively available time might be different for two people acting in the same situation.  This in
turn might depend on the degree of confidence in their own knowledge, the degree of confidence
in the default knowledge, to name a few.
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To summarise, information systems have to be deliberately designed to help workers to be
effective and reliable adaptive actors.  This can be achieved by finding the requirements that will
help workers to be flexible and adaptive while complying with the situation constraints.

4.5.2. A Hierarchical Analysis of the Workspace

Constraints on events, actions and human behaviour are associated with different aspects of the
workspace.  Typically these aspects are hierarchically represented (cf Boudes and Cellier,
(2000) for a nested representation of the workspace in Air Traffic Control) meaning that degrees
of freedom are lost as the description of the workspace becomes more detailed.  Vicente (1999)
identified five nested layers that progressively reduce the space of admissible actions and
behaviour.  The analysis of the constraints but also of the possibilities for actions should lead to
identify requirements for tools (or new procedures) that effectively support work practices.
While these requirements do not uniquely specify a solution they eliminate some design
alternatives and in that sense they “inform” the design.  If the design is meant to be very
innovative or “revolutionary” then it should support intrinsic work constraints not just current
practices as they might reflect limitations of poor work (or device) design.  Further the analysis
of the workspace should try to uncover new unexplored productive practices, not just those that
are being currently used.  Studies of current practices are valuable, but “future designs should
go beyond current practice” by removing or discouraging inefficiencies and making available
novel ways of working.

Process Concern P-23: The analysis of the activity should identify constraints of the domain in
order for the design to support practitioners in complying with them.

For example, if it is found that a shared understanding of the current traffic situation is a
necessary condition for effective managing the traffic, then future design should make that
cognitive constraint easier to comply with.  Or in the area of controller-pilot communication,
future design should make misunderstandings harder to occur. Notice however that solutions to
better comply with constraints should not be considered in isolation. This is because complex
socio-technical systems are made up of many inter-related parts and acting on one has
repercussions over the others.

In the case concerning the design of a decision support system in ATC, the design will rather
be “evolutionary” as the existing environment will not be completely re-designed.  However the
basic principles of a formative approach to work analysis hold even in a context where some
fundamental design decisions have been already made.  Thus the identification of constraints,
degrees of freedom and new improved work practices should be pursued even when strong
limitations are imposed by current work design.

As stated earlier, Vicente has conveniently partitioned the analysis of the work domain into five
different layers, each imposing a set of constraints on actions, events and human behaviour.
From a perspective of a “revolutionary” design Vicente (1999) makes the strong claim that the
description of the different layers should be as detached as possible from current ways of
managing the task, including current operational practices, existing automated tools and co-
operative modes.  While models of current practices are much needed for requirement
generation, validation and impact assessment, they do not necessarily support novel ways of
designing work practices (e.g., through procedures or automation).  Truly innovative design
implies not only an understanding of current activities but also a distinction between intrinsic
goals and constraints of the domain and those goals and constraints brought about by particular
design solutions.

The description that follows in Table 4-1 intends to provide an overall view of the different
aspects of a complex system, taking the CORA-2 system as an example. The first aspect is
that of the work domain and it represents the system being controlled without including workers,
automation or tasks.  Constraints on any actor of the system are imposed by the functional
structure of the system under control.  In ATC, for example, the dependency on the radar
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system for detecting the presence of the aircraft determines the structure of the airspace
(aircraft should fly in areas covered by the radar), imposes constraints on the tasks,
procedures, co-operation and future design.

The second aspect concerns control tasks, that is the goals that need to be achieved
independently of how they are to be achieved or by whom.  Again given that the CORA-2 project
was concerned with the re-design of a specific task (conflict resolution), the existing operating
conditions needed to be understood.  However an attempt should be made to separate
constraints intrinsic to the nature of the task from those imposed by inadequate design of the
work conditions.

The third layer includes strategies, i.e., how tasks can be achieved independently of who is
executing them. At this layer the different ways of achieving the same goals are described and
a particular effort should be made to identify local adaptations to make a more efficient use of
the existing resources. Hollnagel (1993, 2000) provides a theoretical framework to classify ways
of intervening in a situation according to the degree of control exercised by the person over that
situation. We shall present Hollnagel’s theory of human performance in a later section when
discussing modelling of human behaviour in complex systems.

The fourth layer concerns the social organisation and co-operation between actors, both human
and artificial.  This aspect of the workspace describes how responsibilities are allocated among
actors, how strategies are distributed and the flow of communication.

Finally the fifth layer includes worker competencies, that is the knowledge, rules, skills that
workers need to effectively accomplish their tasks.  This level of analysis contains fewer
degrees of freedom as it inherits the constraints from all the other layers.  Nevertheless, it is the
possible combination of the remaining degrees of freedom that generates the variability of
human behaviour.  Hollnagel (1993, 2000) accounts for this variability in terms of different
degrees of control that people feel they have over a situation. We shall go back to his model
when detailing this level of analysis in the ATC context.

Level of
analysis

Description: constraints,
degrees of freedom and
goals

Issues to be addressed by the
work analysis

Knowledge
elicitation
techniques

Work domain Ensure a safe
expeditious and fluent
flow of traffic. Radar,
Aircraft performance,
meteo, NOTAM, airspace
configuration, sources of
data, digital/physical
display of data, Radio
equipment

Accuracy and timing
dissemination of information.
Changing vs. stable data.

Observation of
activity in
automated
environment

Control Task Anticipate a/c position,
pilot request, adjacent
sector request
Be aware of the presence
of any a/c within the area
of interest. Automation.
Sources of data. Effective
co-operation. Update
system data

Decomposition of high level goals.
Goals of monitoring (degrees of
freedom). Monitoring
complementary to problem
solving. Different levels of
representation of the current traffic,
different degree of reliability
associated with each one. Validity
domain. Cues suppressed by the
electronic environment.
Changes in the structure of the
task (serial vs. parallel).

Observation,
scenario
walkthrough

Strategy Procedures. Norms,
tools. Searching
strategies (invariants and
context-dependent cues)

Selection of relevant information
that is always searched (no
degree of freedom); search of
contextual information. (degrees of

Semi-structured
interviews,
Observation
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freedom). Resource management
strategy. Over-reliance on
automation.

Social
organisation,
co-operation
and
communicatio
n

UK structure vs
Eurocontrol model,
Phraseology

Content and communication flow
between controllers at working
position. Forms of co-operation.
Role sharing, resource
management strategies. Mutual
knowledge

Observation,
structured and
semi-structured
interviews

Worker’s skills Knowledge about the
characteristic of the traffic
(traffic flows, Xing points),
knowledge structures to
represent the traffic
(template, frame),
solution strategies

What skills might be weakened in
the new environment? What are
the situations where these skills
might be needed? Risk perception
depends on the competence

Table 4-1 Summary of issues to be addressed for the design of CORA-2

The distinction in layers has different purposes.  First complex socio-technical systems are the
result of many interacting components, so it might be convenient for practical purposes to
differentiate them. Second depending on the purpose of the analysis, some layers might be
more in focus than others.  Third, to understand cognition, constraints and degrees of freedom
of the environment should be identified.  The assumption is that constraints coming from the
different layers of the environment affect the human cognition, which is represented in the last
layer.  The layers are not independent from each other in as much as part of their meaning
comes from the interaction between human cognition, and the environment upon which humans
act.  An example drawn from Vicente (1999) will further illustrate this point. To catch a ball in
midair, one has to take into account the force exerted by the gravity. “Gravity”, however is a
constraint in this situation but this might not be the case in other contexts, depending on the
way it is represented. For example, gravity can be the object of analytical reasoning using a
symbolic representation of Newton’s second law.  Or the effects of gravity could be represented
instead by a set of rules such as “if the ball is X seconds away from a target, then begin a
catching action”.  Finally, to continue on the case of catching the ball, gravity would be
represented as a constraint under the form of an implicit model of the relevant dynamics to
guide actions.  In all three cases the focus was on gravity but for different purposes, so that
different kinds of knowledge were relevant and dealing with gravity did not have the same
consequences in the three cases.

The nature of objects is not independent from what actions they afford in the different contexts.
Similarly, human cognition develops in context and thus cannot be studied without
understanding the characteristics of the situation. More than a strictly hierarchical
representation, the interaction between human cognition, the environment and the artefacts can
be represented as a cycle, as described by Neisser (1976). Both the definition of context and
human cognition depend on each other as they mutually influence each other.  So for practical
purposes the overall context is partitioned into layers but their properties and goals are not
defined quite independently from each other.

Our high level goal is to provide a rationale together with specific guidelines to build an activity
model.  The model has to include prescribed and non-prescribed goals relevant for achieving the
higher level purpose of the ATC service.  In the following section, some of the issues associated
with each level of analysis are discussed with the purpose of highlighting some of the features of
the activity model.  The discussion aims also at justifying the need to better understand how
prescribed goals are interpreted and enriched in the context of work practices.

The hierarchy means that each level is justified by the need to achieve the goals expressed at a
higher level. In this sense lower levels represent goal decomposition. By moving up the
hierarchy we understand the general purposes of the system whereas in moving down the
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hierarchy we achieve a better understanding of the system’s functioning in terms of how those
purposes can be achieved.

For example, the resolution advisory tool to be designed for the CORA-2 project belonged to the
control task level and its introduction had consequences on all the successive layers of
analysis.  Together with the Medium Term Conflict Detection Tool it introduced a new level of
representation of the traffic that should not, as we have already discussed, be confused with or
replace the representation provided by the Radar Processing System.

4.6. A CONTROL MODEL TO ANALYSE
PERFORMANCE

In the context of the RESCUE process, work analysis will be performed with the objective of
“informing” the design of new aiding tools by identifying high level requirements that not only will
support current practices but also new or better ways of managing the task environment.  For
this the analysis of ATC tasks cannot only be descriptive but it should also aim at discovering
the most effective ways of achieving efficiency while improving or maintaining safety.

If a contextually-based model of cognition is assumed, then the focus of the investigation is in
the determination of what factors control performance, not so much in detailing the sequence of
actions in a given situation or class of situations. Clearly some sequentiality must be assumed,
but the central concern is to understand what are the environmental and internal factors that
control performance, that is the choice of a particular set of actions.

The central concern for human reliability analysis is to understand why a person behaves as
observed and thus what can explain individual variability.  According to the contextual control
view of cognition, human performance is regarded as determined by the context. Out of all the
possible actions that a person has in his/her repertoire, those selected reflect existing needs,
constraints and the kind of control the person has over the situation.  Control is necessary to
organize action plans within the person’s horizon time.  Planning actions depends on how the
person represents goals and constraints, dependencies between actions and what resources
the person feels are available at that time.  Hollnagel (1993) identifies four control modes that
are part of a continuous scale. Those are:

• Scrambled.  There is virtually no control over the actions taken.  The sequence of actions is
rather determined by a state of panic thus there is not planning.  The only goal is to get out
of the emergency situation to survive or keep one’s own physical integrity.  Subjective
available time is very limited and the execution mode is automatic without any feedback of
outcome.

• Opportunistic.  The next action is chosen to match some local features but there is no or
very limited planning nor any consideration concerning side effects of the chosen action.  Or
an action can be selected because it is frequently associated with the previous one but the
determination of the outcome is limited to the immediate effects.  If actions fail a new one
might be tried without great consistency.  On the other hand, successful actions might not
be fully exploited because their relevance is not quite understood.

• Tactical.  Actions are chosen based on a predefined or prescribed plan and they are
evaluated in a broader context in terms of their potential effects and time horizon.

• Strategic.  When choosing an action or an action plan, both long-term and short-term
effects are considered.  Planning reflects often a compromise among multiple competing
goals.  The execution is a mixture of subsumed and explicit modes: the pursuit of multiple
goals requires the combinations of several lines of actions, some of which are well-learned
routines.  Plans serve as guidelines rather than being rigidly executed and they might be
tailored on-line to the demands of the situation.  Environmental demands such as co-
operation with other teams are considered with the aim of balancing the distribution of
workload and improving resource management.
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A number of parameters are considered as responsible for changing from one mode of control to
another: knowledge of the outcome of the previous action and the estimation of subjectively
available time, number of simultaneous goals, availability of plans, event horizon and mode of
execution (automatic vs. feedback controlled).  These parameters might be enhanced and
become more specific once a particular context has been defined.  In the ATC domain we might
add further parameters relating to:

• Trust in a controller’s own default knowledge;
• Belief that others (pilots) will behave as expected;
• Subjective risk assessment.

What should be emphasised is that human variability is not considered as “noise” effect but
accountable for, given enough understanding of the context, i.e., what are the environmental
factors that interact with cognitive processes to produce the observed results.  Some of these
factors might be common to many domains, such as subjectively available time, while others
such as knowledge of the outcome or belief about other people’s behaviour might be more
relevant to certain domains than to others.  The point here is that these factors can be identified
and they play a role in explaining performance variability.

The description of the competence of controllers should include procedures, norms and relevant
knowledge they must possess to manage the traffic. In addition this knowledge is organised
according to templates or patterns for carrying out actions.  These templates are sequentially
ordered, however it is the actor in a particular context that ultimately decides whether or not to
follow a template, combine it with others, or do something different altogether.

We have assumed that the choice of what to do depends on the degree of freedom allowed by
the situation and on the control mode the person is in at any particular time.  The estimation of
available time, the subjective perception of risk, the number of simultaneous goals, the
availability of plans, the event horizon, the degree of confidence in the expected development of
the situation, determine the degree of control the operator feels over a situation.  These are
suggested parameters to use to characterise performance.  Thus for example, a solution to a
conflict problem is expected to be more efficient if it satisfies a number of goals at the same
time.  On the other hand, the time horizon in which a problem is framed, is supposed to be
short if the controller felt little available time for acting.

The activity analysis should aim at identifying conditions for satisfactory to optimal performance.
The characteristics of these conditions should inform the requirement engineering process so
that the new design will support effective performance.  The parameters outlined below are
supposed to be correlated with good or poor performance depending on the values of each of
them.  They were derived from studies in complex systems such as Nuclear Power Plant and
Air Traffic Control.  These parameters will be now described in some details.

4.6.1. Parameters Associated with Control of
Performance

The parameters presented in this section are intended to orient the analysis of the performance
data although the list might be enriched as new conditions of observation are established.  It is
important to emphasise that these parameters are useful once the different aspects of the
activity have been understood, that is what are the goals, resource management strategies and
environmental constraints.  Only then can performance be assessed through the use of these
parameters as they are not a replacement for understanding the characteristics of the activity
under study.

4.6.1.1. Number of Simultaneous Goals
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When multiple goals are simultaneously considered, then the operator might need to keep
multiple threads of actions active.  This might increase the chances of forgetting to accomplish
an action sequence.  Thus deciding whether or not to activate several goals at the same time
requires an assessment of the situation demands and of the (internal) resources available at
any given point.  The goals might either be independent or sub-goals from the same top level
goal.  An additional challenge is that the goals might be competing or conflicting requiring the
person to carry out an additional task of finding local compromises.  These are some of the
reasons why working with a number of simultaneous goals requires a good sense of timing, a
sustained level of vigilance and good resource management strategies.  These characteristics
are typical of tactical and strategic control mode.

4.6.1.2. Subjectively Available Time

It is indeed an estimation of one of the resources available to the person.  This estimation might
involve the number of activities that remain to be carried out (as when engaged in pursuing
multiple goals), predicted changes in the environment, confidence in the “default” development of
the situation.  In the case of ATC, the estimation of available time might be affected by the trust
controllers have that pilots are willing to respond quickly to their instruction.  When the
subjectively available time is judged sufficient, then the temporal horizon considered is
extended, the consequences of the actions are considered in some detail and more complex
planning is possible.  This would be typical of a strategic type of control mode.

4.6.1.3. Planning the Next Action

The choice of a plan depends on the degree of familiarity with the situation at hand.  Even a plan
made on-line relies on some familiar features for it to be generated.  Any diagnostic and
problem solving activity require some recognition of the situation. Pre-existing plans have the
form of action templates that must be matched to the current situation to be triggered.  A
portion of the plan can be executed in a semi-automatic fashion reflecting the smoothness of
performance.  The choice of a plan depends on the competence of the person but the availability
of his/her knowledge is also a function of the control mode.  The representation of the current
situation is used to assess the relevance of the plan.

Across different control modes what changes is the evaluation of the action characteristics with
respect to the goal, and the evaluation that the effects match the goal.  Differences among
control modes are revealed by whether or not pre-conditions for the action and its side effects
are inconsistent with the goals of the following actions.  For example, in the strategic control
mode, planning includes an evaluation of present but also possible future conflicts between
goals, how side-effects may influence conditions for the following actions.  This situation might
be seen in the case of a controller (at both positions) planning for future conflict resolutions:
some action plans are focused more on the “local” problem whereas others might take into
account a more complex traffic situation.

4.6.1.4. Evaluation of the Outcome

The evaluation does not refer only to whether the action succeeded or failed. It rather considers
how the action was carried out: what are the long term consequences and possible side-effects.
It is a measure of the prevailing control mode a person is in, in as much as a deeper
determination of the outcome underlies a tactical or strategic control mode.  A more local
evaluation would only consider whether the action has indeed produced a noticeable change.  In
a sense, the success of an action partly depends on the degree of elaboration of the evaluation.
For example at the strategic level, an outcome is a success not only if its primary effects match
the current goal, but also if secondary and long term effects are acceptable.

4.6.1.5. Mode of Execution
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It spans from automatic to explicit actions.  In the first mode there is no need to get feedback
before acting while explicit acting requires knowledge of results of the previous actions.  The two
modes of execution differ in terms of the number of actions carried out before verifying the
results.  Thus an automatic mode of execution implies a number of actions be implemented
before verifying the results.  The feed-forward mode belongs to this category as actions are
made on the basis of expected changes rather than on the basis of feedback.  On the other
hand a feedback mode implies a verification after each action.

4.7. CONTENT OF AND TECHNIQUE FOR
CONSTRUCTING THE ACTIVITY MODEL

The activity model to be built will be inspired by the organising principles informing the work
analysis previously described (see Table 4-1 and Vicente, 1999).  The model is structured into
hierarchical levels according to a means-ends logic.  Thus each level expresses the means
necessary to achieve the goals set up by the higher level and at the same time it sets up
constraints that are interpreted by the next level of analysis.  In other words, each level inherits
the goals and the constraints expressed at the higher level while stating by which means these
goals will be achieved.  The rationale behind such an organisation is the emphasis on a
description of the activity where tasks, observable and internal (i.e., non-observable) actions are
represented functionally with respect to a purpose they serve.

The concept of hierarchy should be intended as being bi-directional.  Higher level goals do orient
and impose constraints on lower levels of the activity.  In this respect, high level goals make for
example, certain forms of behaviour unlikely while making other forms of behaviour quite
expected.  For example in the current environment, it is not expected that the past “history” of a
flight would be of interest but rather what its recent past and near future will look like.  Compare
this with Nuclear Power Plant needs, where maintenance history going back several days or
even weeks is relevant for operators to interpret present “abnormal” indicator values Roth,
Potter, & Vicente, 2001).  On the other hand, individual and collective goals and constraints
might reverse priorities and leave certain goals unachieved.  For example in high traffic load
conditions, controllers might neglect co-operative goals and make less than optimal use of the
airspace for safety reasons.

Having said that, we intend to propose modelling of monitoring and conflict resolution by
representing the various aspects of this activity in a functionally related fashion.  In particular we
assume that there are two major sources of goals and constraints responsible for shaping the
activity: the domain, in our case Air Traffic Management, and the individuals faced with
demands from the domain.  In principle the domain goals are higher in the hierarchy although to
some extent they are shaped by the individual current representation of the situation.  So the
hierarchy should be intended as locally adapted rather than assumed to be intrinsically true.
According to Neisser (1976), a cyclical model rather than sequential, should be assumed to
account for human-machine-environment interaction.  In practical terms it means that domain
level goals and individual/collective goals cannot be represented hierarchically without referring
to a specific context (see also Hollnagel’s view of cognition, 1993, 1998).

In what follows the activity model will be discussed with respect to its highest level goal, i.e., its
supporting role in the requirements engineering process, and with respect to its internal content
i.e., its functional purposes.  Then the structure of the model itself will be introduced first by
describing its constituent elements embedded in a hierarchical structure and then by
instantiating them through an analysis of the monitoring activity. Two broad points should be
underlined:

• First, the development of an activity model is not a product in itself but it should be regarded
as a means for deriving requirements.  The activity model should inform the requirement
discovery and provide a basis for resolving conflicts between competing requirements;
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• Second, the development of an activity model is not a self-contained phase in the life-cycle
of an artefact design and development (Potter, Roth, Woods and Elm, 2000).  Some
portions of it cannot be specified just under any testing condition and the development of a
prototype might be necessary for assessing, for example, what are the conditions that most
likely will trigger highly satisfactory performance.  Likewise, all of the functions and
purposes cannot be identified to a satisfactory degree before observing people working in a
simulated or (even better) in a real operational situation.  This implies that similar versions
of the tool under development are tested to inform design for successive prototypes to be
developed, e.g., for other Control Centres.

Because the activity model is an evolving “object”, its role might change along the phases of the
artefact design and development.  During the requirement discovery phase, the final output of
the activity model is a set of constraints and possibilities for the design of the new tool.  In other
phases of the process the activity model can be used to elaborate criteria for evaluating
performance, such as properties of good problem solving strategies.  Later during the testing
phase, the activity model will be a basis for interpreting performance data and making an initial
impact analysis.  In all these cases, the model will have to possess some predictive power to
be a useful input to the design and development cycle.  The main general purposes of the model
are summarised in Table 4-2.

One of the central objectives of work analysis is to understand how control tasks are carried
out, what are the different strategies that operators put in place to cope with internal and
external constraints.  For example, in the context of ATC, or, more specifically, conflict
resolution, strategies for solving conflicts should not be studied in isolation from the rest of the
activity.  In other words, monitoring and diagnostic activity is done not only to ensure safety, but
also to achieve efficiency, e.g., an optimal use of the available airspace.  Other, more local
constraints might be satisfying adjacent sectors requests, or pilots’ requests.

Input into the Requirement Engineering
Process

Functional purposes

Informs requirements generation

Inspires high level design visions (and later
the use cases)

Provides context for scenario walkthroughs
and for i* requirement modelling

Helps interpret and explain simulation results

Derives criteria for evaluating activity

Identifies prescribed and non-prescribed
goals for activity and co-operation

Identifies current and possible individual and
collective strategies (i.e., information
processing, problem solving and decision
making)

Identifies current individual and collective
resource management strategies

Identifies constraints

Suggests hypothesis for internal and external
conditions of acceptable to optimal
performance

Identifies sources of individual variability

Table 4-2 Activity Model: Role and Functional Purposes

For these reasons, understanding of the current strategies has to be framed in terms of the
extent to which they contribute to a broader goal than safety, i.e., the optimisation of the
available resources.  This optimisation involves an acceptable compromise between the
demands of the domain and the resources practitioners deem available at any particular time
(Amalberti, 1996).  In a way, a local strategy has to be considered from a higher perspective,
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how it contributes to a broader plan for cost-effective resource management. In particular,
analysis of these strategies used should reveal that:

• Within the permissible degrees of freedom, workers set up for themselves goals that reflect
their own understanding and assessment of the situation.  These non-prescribed goals, as
opposed to those established by standard procedures, reflect local adaptation of workers to
the existing conditions and reveal sources of individual differences (Vicente, 1999);

• Even though it is very difficult to predict what action sequence workers will use in a given
situation, the analysis should identify the strategies that workers might use thus delimiting
the range of variability that will likely be observed (Vicente, 1999; Hollnagel, 1993).  This
variability has to become a source of requirements for the new design, which has to be
flexible and adaptable to different circumstances.  In other words, individual variability
should be acknowledged and reflected in the new design;

• The description of non-prescribed goals reveals that some of the objectives of the activity
might or might not be achieved, depending on the environmental conditions and on the
assessment of the situation done by the operators.  Thus a control task analysis cannot
ignore that a number of goals and consequently a number of tasks cannot be described
independently from the operators’ actual work practices.

Both non-prescribed goals and strategies for achieving them might not be readily verbalised as
they might be so embedded in practice that they become apparent only when in action.  Thus
some realistic context should be provided for operators to be able to exhibit the existence of
non-prescribed goals.

Because one of the highest level goals of producing an activity model is to support the
requirement engineering process in this case, the analysis of the activity should enable the
requirements team to identify different contexts from which to generate traffic scenarios.  These
contexts are defined by distinctive traffic features, apparently affecting controllers’ choice of
behaviour such as aircraft exiting on the same point, landing at the same airport, etc.

The following paragraphs present the main elements of the activity analysis. Seven main
“objects” have been identified: goals, actors, resources, resources management strategies,
constraints, actions and features of the contexts.  These “objects” are organized in a means-
ends hierarchy according to which behaviour is explained in terms of high level goals people are
trying to achieve, by which means these goals are achieved and what are the actions and their
context. The objects are shown in Table 4-3.

Means-ends hierarchy Activity Model

WHY

Goals:
• High level functional goals
• Individual and collective goals and sub-goals developed to achieve

the system level goals.

• Prescribed goals as defined by norms and regulations
• Non-prescribed goals set up by the practitioners

Actors:  People that are involved in the management of the traffic

Resources:  Means available to controllers to achieve the goals and sub-
goals.  They include actors and tools

How Resource Management Strategies: How controllers cope individually and
collectively with resource limitations and task demands

Constraints:  Properties of the environment that need to be taken into
account when deciding about an action.

What Features of the context: Relevant for generating scenarios
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Actions:  Envisaged to solve a problem or a conflict.

Table 4-3 Means-Ends Hierarchy for Activity Modelling

Goals: desired state of the system. They can be roughly distinguished into:

• High level functional goals that remain valid as long as the actual structural configuration
remains stable (eg the radar as the primary monitoring technology)

• Individual and collective goals and sub-goals developed to achieve the system level goals.
The achievement of individual and collective goals heavily relies on the resources available

• Prescribed goals as defined by norms and regulations describing what objectives controllers
have to achieve and what standards need to be followed;

• Non-prescribed goals set up by the practitioners to locally adapt means they are provided
with to better achieve the system level goals.

Resource Management Strategies: How controllers cope individually and collectively with
resource limitations, such as trust in their own default knowledge, attention limits, trust in the
team mate, constraints in the environment such as limited time.

Actors: People that are involved in the management of the traffic.  Different roles have to be
identified since non-prescribed goals and strategies will lead to identify non-prescribed roles as
well.

Resources: Means available to controllers to achieve the goals and sub-goals.  They can be
observable, like co-operation, or inferred, such as default knowledge or trust in the team
member.

Constraints: Properties of the environment (including aerodynamic properties, procedures, flight
plans) that need to be taken into account when deciding about an action.  Constraints limit the
space of possibilities thus reducing the range of alternatives.  Notice that reducing the search
space for a solution might be a help in the decision making process, therefore a resource.

Actions:  Envisaged to solve a problem.  They might not directly solve the problem but enable a
solution such as deciding to wait to gain further information.

Distinctive features of the context: environmental features affecting people’s decision making.

4.8. CONSTRUCTING A MODEL FOCUSSED ON
MONITORING ACTIVITY

The construction of an activity model can result from the use of a range of different data
gathering techniques of the kind discussed in chapter 3.  A review of empirical techniques to
elicit expert knowledge is outside the scope of this document but good references exist (cf.,
Cooke, 1994; Kirwan & Ainsworth, 1992; Seamster, Redding, & Kempf, 1997).  Roughly,
techniques can be divided into two main groups, on- and off-line respectively.  The first group
involves that data collection is done while practitioners are working with the system while the
second involves eliciting information from practitioners while they are not involved in any control
activity.  The choice of the techniques to use is subject to the type of knowledge that needs to
be elicited and to resource constraints (e.g., time, finances, availability of Subject Matter
Experts).  Typically skills are best observed “in action” while declarative knowledge can be
assessed using off-line knowledge elicitation methods.  Because of the complexity of the
phenomena investigated, it usually recommended that more than one technique be used
(Potter, Woods, 2000).
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A description of the steps involved in the construction of an activity model will be presented
through the analysis of a body of data collected during informal scenario walkthrough sessions.
(Note that scenario walkthroughs used for the purposes of eliciting data about the current
system are conducted using an informal narrative description of a particular scenario, and not in
the way described in chapter 8.) These data were collected before and outside the scope of the
CORA-2 project.  Expert controllers were presented with several traffic images and asked to
identify conflicts and problems they saw ahead of them.  The results presented below come
from an analysis of the verbal protocols generated during the sessions and they will be
presented in terms of the main elements described in Table 4-3.

4.8.1. Informal Scenario Walkthrough Procedure

To summarise, the main elements making up the model can be articulated as it follows.

The activity (monitoring) model is structured in goals that are organised hierarchically into three
levels:

• The system-level goals concern the way in which the traffic should be managed. For
example traffic should be monitored, future conflicts anticipated etc.

• Individual and collective (sub)-goals, such as “do not forget anything important” or “be co-
operative” expressing the conditions that would enable operators to achieve the higher level
goals.  Notice that these goals are realised through resource management strategies;

• Local goals reflecting the task at hand as formulated by the controller, such as “confirm
conflict”, “decide on when to deal with the conflict”, “communicate with the neighbouring
sector”, “look for additional information”, etc

The analysis of the protocols aims at identifying the following information for a given traffic
situation:

• Which are the goals identified by controllers.  Goals are expressed in terms of future
desirable state, be it the need to find more about a flight, confirmation of a conflict, the
allocation of a task, the decision of when to solve a conflict, etc.

• What are the resources used to achieve the goals.  Resources can be found in the
environment, like the time available to deal with the problem.  Resources can also be found
within the individual or groups like the knowledge about the way system will evolve (i.e.,
default knowledge).

• Resource management strategies.  A strategy is how practitioners use resources to
achieve either local or individual and collective goals.  For example the solution of a conflict
might be delegated to the adjacent sector or an information might be communicated to the
next sector to make them aware of coming events.  Thus a resource management strategy
while leading to a solution of a traffic problem, it represents a compromise between the task
and the resources (internal and external) available

• Constraints.  These are features of the environment that limit the space of possibilities such
as a letter of agreement between two sectors stating what is the maximum flight level at
which an aircraft has to be delivered.

• Traffic context.  Features of the environment that appeared to affect the way controllers
make decisions.

• Actions.  This set includes control actions that are considered and not necessarily carried
out, i.e., clearances to pilots, but also communication and co-ordination, or the search for
additional information.

Actor Goals Resources RMS Constraints Traffic
context

Actions

Confirm the Default Overload risk LoA RFL(ITJC) Keep IT at FL(310)
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Contr. 1 conflict
between
ITJC & DLH

knowledge identified (FL<=310)

ToD

Destination

disagrees w/
LoA

Solve the
catch-on
(n.p.)

Nested
conflict

Be elegant

Solve two
conflicts at
the same time

Nested:  SLR
involved in
two conflicts

Climb (SLR)

Contr. 3 Decide on
action for
BRA, SLR

Conflict
belongs to
next sector

Time
management
to control for
w/load

Conflict
originating in
this sector

Not resolved. PC
communicates to the
next sector (n.p.).

Contr. 5 Negotiate w/
next sector
who solves
the catch up
(BRA, SLR)
(n.p.)

Verify a/c
capabilities
to climb
higher

Co-ordination Negotiate load
sharing

Destination
(BRA)

A/c
performance

Conflict
originating in
this sector

Co-ordinate :
- Radar transfer
- Descend BRA
- Climb one of the
two

Contr. 6 Detect
conflict in
next sector
which
progresses
in own
(BRA, SLR)
(n.p.)

(missing)
communicati
on from
previous
sector

Free up team
resources by
early
delegation.

Conflict
originating in
this sector

Resolve
conflict

Avoid the
use of radar
headings

Inter-sect. &
intra sector
team co-
operation

Elegant: early
resolution,
decrease
Tactical Contr.
w/load

Relieve
tactical contr.
w/load

Late
resolution:
conflict
“inherited”
from previous
sector. A/c
not in freq.

Co-ordination
w/previous sector:
change FL (BAL) &
heading (SLR)

Table 4-4 Scenario 1 Protocol Analysis for Monitoring and Conflict Detection
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Actor Goals Resources RMS Constraints Traffic
context

Actions

Contr.
1

Be aware
of the
developme
nt of related
traffic. See
the context

Chose
solution
that
wouldn’t
make the
situation
worse

Degrees of
freedom
reduced.

Less error
tolerant,
less room
for wrong
action

Reduce the
probability of
unexpected
events

Dense
traffic,
several
aircraft
exiting at the
same point

Contr.
2

Intention of
the next
sector

Delegate the
decision to
the next
sector

High density
traffic

Wait for next
sector to decide
on Fl to assign to
SAB874 to
regulate the
exiting with
SAB888

Contr.
3

Do not deal
with the
problem
or

Deal with
the
problem

Time to
closest
point
(enough for
delegation)

Short of
time.
Delegate
solution to
next sector

Eliminate
uncertaintie
s asap

Assign low
altitude to
climbing a/c

Contr.5 Solve the
catch on -
Look for a/c
that could
descend
from to FL
(370) to FL
(350)

Look for a/c
at the
same FL
as SAB874
for
regulating
exiting

Give heading to
SAB874 to slow it
down and
sequence it
behind the
SAB888

Table 4-5 Scenario 2 Protocol Analysis for Monitoring and Conflict Detection

4.8.2. Conclusions Drawn from Informal Scenario
Walkthroughs

It should be reminded that the objective of this exercise was to model a particular aspect of
controllers’ activity, i.e., monitoring for conflicts, and show that such a model can be a reliable
support to the RE process and to later stages of the design cycle as explained below.
Furthermore, the intent was to show that off-line verbal protocol data can be effectively used to
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acquire relevant information and finally that the method described in this document can lead to
extract from the protocols the information necessary to model the activity.  There are some
limits to these conclusions: first, not all aspects of the monitoring activity have been highlighted,
this because of the nature of the data used.  Second, because the approach has been applied
only to a specific set of data, a wider application is necessary to confirm that the knowledge
modelled is necessary and sufficient to support the generation of requirements.  In this regard, it
should be reminded that understanding and modelling expert activities requires the combination
of knowledge acquisition and data gathering techniques applied to different settings.

A number of observations can be derived from the results of the protocol analysis shown in
Tables 4-5 and 4-6.

The first outcome of the analysis carried out by the CORA-2 team, was the identification of
multiple goals triggered by the detection of a traffic problem.  In other words our previous
statement that monitoring is a multi-purpose activity was successively confirmed during the
tutorial exercises. This is evidenced by the two columns “Goals” and “Resource Management
Strategies (RMS)”. They both express goals not only related to the solution of the conflicts but
more broadly to improving the management of the traffic.  The main difference between the two
columns is that while the RMS goals aim at the management of locally available resources to
achieve the individual and collective goals, the “Goals” column includes local goals reflecting the
context in which the conflict is detected.  For example “Solving two conflicts at the same time”
is an instance of a resource management strategy in as much as it allows the controller to free
up some attentional resources although that might require that several problems be dealt with at
the same time.  On the other hand, “Decide on action”, “Avoid the use of radar headings” and
“Negotiate with next sector” are goals related to the solution of the traffic problem.  The second
goal reflects a characteristic of the traffic, namely that the conflict originates in its own sector to
continue in the next sector.  This feature by being part of the context, could be used in the
course of a scenario generation.

It should be noted that while the “Goals” column might contain high level goals,
individual/collective and local goals, the RMS column includes strategies through which these
goals can be achieved.  The distinction is to emphasise that the task goals are achieved
through a representation of what resources are available and of how they are managed to
achieve the goals.  In other words task goals cannot be represented only in terms of what they
are supposed to achieve but also in the light of operators’ understanding of what are the
available resources (internal/external, constraints, procedures, tools….).

As with any other interpretation of behavioural data, some conclusions are inferred from the data
while other are more directly drawn.  For example in some cases a resource management
strategy can be inferred by the verbalisation of an individual goal, whereas in other cases the
controllers express directly a concern over a particular resource (e.g., time, workload, etc).  For
example in Table 4-5, controller 1 has expressed the concern of being overloaded while the link
between RMS identified for the same controller in Table 4-6 (“Reduce the probability of
unexpected events”) and his goals (“Be aware of the development of related traffic” and “See the
context”) is inferred.  Because these sort of inferences are unavoidable when interpreting verbal
data, it is recommended that verbal reports be analysed by at least two people.

The data analysed presented all of the controllers with the same traffic situation and that
allowed us to compare the judgement of different controllers under the same conditions.  It was
observed, as has already been found in other studies, that controllers tend to pay attention not
only to the current traffic in their sector but also to traffic configuration that will continue to
necessitate monitoring in the next sector.  Faced with a “catch-on” conflict that would eventually
concern the next sector, controllers exhibited a number of different local and individual goals.
They were all non-prescribed as long as controllers are not requested to deal with conflicts that
develop in the next sector.  In particular controllers decided to deal with the conflict in their own
sector or to “send” the traffic problem to the next sector.  Negotiation with the following sector
was considered and communication coming from the previous sector and going to the next
sector were also envisaged.  This indicated that early sharing of knowledge of developing traffic
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was valued as a good resource management strategy.  Sharing of information went beyond the
co-ordination procedures as it was intended to make the controller team aware of possible
development as early as possible.  Even though it was a non-prescribed procedure, controllers
showed they expected to receive critical pieces of information from previous sectors.

A contributing factor to the decision of when and how to deal with the possible “catch-on”
problem was the time controllers felt they had available given the current situation.  A critical
traffic feature in this case was the late resolution to a conflict that has been “inherited” by the
sector making some controllers feeling short of time.  Thus controllers did not feel they had
enough resources to deal with several traffic configurations at the same time.

Finally some controllers questioned that the “catch-on” would ever take place.

A few broad recommendations can be drawn from this case, the objective being here not to
provide a set of definitive users’ requirements for CORA-2 (hereafter referred to as “the system”),
but to show that an analysis of the activity has lead to the specification of a number of system
requirements:

• First, solving a conflict has to be viewed as part of other on-going activities.  In particular
“technically feasible” solutions might demand that controllers engage more cognitive
resources than they feel they have available at any particular time.  So the system should
propose solutions that would reflect the cognitive cost involved, not only their technical
feasibility.

• Second, non-prescribed goals and strategies to achieve them are part and parcel of
operators’ current monitoring activity.  Some of these goals might be activated or not
depending on the way resources are represented and managed.  For example the catch-on
problem is dealt with within the sector by some controllers while others chose to delegate it
to the next sector.  When this degree of freedom is permissible, the system should
recognize the variability involved and avoid transforming a non-prescribed into a prescribed
goal.

• Third, communication with adjacent sectors plays an important role in the choice of a
solution.  Multiple links seem to exist between sectors: People can communicate their own
intention, wait to learn what the intention of others are, warn the adjacent sector of
imminent events, delegate to adjacent sector the early resolution of problem.  All of these
different interactions might lead to different decision as to when and how to solve a problem.
The role played by these patterns of communication, some of which are non-prescribed,
should be taken into account when introducing a new technology.  Different solutions
should leave open the possibility of negotiating aspects of the problem solving process and
should make multiple interactions easier.

• Last but not least, the sample of data analysed confirmed that a valid help to assist
controllers in detecting and resolving conflicts is a tool that delivers trajectory predictions.
Some postponing of actions are due to unknown future positions of the aircraft.

To conclude, the analysis supported the following statements:

• Individual task sequences are often multi-purpose in that they contribute to the achievement
of a number of higher level goals;

• Individual task sequences satisfy multiple constraints;
• Individual task sequences should not be viewed only as satisfying local goals but as part of

a broader context.

The notion of resource management strategies deserves a particular emphasis.  In fact,
individual action sequences or local choices should be “framed” as a result of resource
management strategies and interpretation of environmental demands and constraints.  More
broadly, activity is an essential part of the design cycle of any new artefact (procedure or a
tool): any innovation does not change only the “local conditions” for actions but it potentially
alters higher level resource management strategies.
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4.9. PRACTICAL GUIDANCE

In order to ease the transition from modeling current human activity to modelling the desired
behaviour of the future system, it is suggested that data collected about the former might
usefully be structured as described below.

We have already stated (see section 4.7) that activity models should comprise:
• Actors
• Resources
• Goals
• Actions
• Resource management strategies
• Constraints, and
• Contextual features

These components can be fitted quite conveniently into a structure similar to that of the use
case template which will be used to write use cases as described in chapter 7. We propose
that data about goals, actors, actions, resource management strategies, constraints and
contextual features in the current work domain be structured using the template below. A new
template should be completed for every major activity identified in the current system. A single
completed template is referred to as a ‘Human Activity Description’, and a completed human
activity model will be made up of a number of human activity descriptions.

Data about resources may be structured in terms of object specialisation hierarchies as
described in section 7.7.2.

Differences in behaviour in different contexts (eg at different airports) or from different people
playing the same actor role, or even from the same person under different circumstances (eg if
stressed or overloaded) should all be recorded as explained above. This may either be done in
the ‘Differences due to variations’ section, or by filling out a whole new template. The decision
as to which approach should be taken is analogous to that about modelling variations and
alternatives in use cases, as opposed to writing whole new use cases. If behaviour is sufficiently
different, or if the context in which it arises is sufficiently complex that it cannot be modelled as
a simple condition for one action in the Differences section, then a new activity should be
defined, and the different behaviour should be modelled in a different template.

In addition to developing models of current activity in this way, the data collected as part of the
human activity modelling stream should also be used to begin to develop action and agent
specialisation hierarchies (see sections 7.7.1 and 7.7.2), and a glossary of terms. This will help
to ensure that the language used at this stage is as consistent as possible. The data should
also be used to begin to build up exception hierarchies (see section 8.2.1) to record categories
of possible errors or other constraints or contextual features which influence performance.
Again, this will help to ensure that models of activity in relation to different goals are as
consistent as possible.
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Name of Activity

Author Name of author
Date Date this human activity description was written
Source Source of information
Actors Actors involved
Précis Informal description of what actors are trying to achieve in carrying

out this activity.
Goals Goals the actors are trying to achieve in carrying out this activity.

These can be at varying levels, and can include non-prescribed
goals.

Semantic knowledge Actor's 'static' or semantic knowledge where it has a direct impact
on the behaviour described in the activity model.

Triggering event Event or events that can lead to one or more actors doing this
activity.

Preconditions Necessary conditions for the actor(s) to be able to do this activity.
Assumptions Explicit statement of any assumptions made in writing this.
Normal Course Actions carried out in doing this activity, described in an

approximate sequence order. Actions may be decomposed into
physical, communication and cognitive actions (see below).
Resources used in doing the actions are listed, and resource
management strategies are also described.
1. Action 1

Resources - resources used to carry out the action, which
correspond to those in the resource hierarchies
Physical actions - physical human actions made when carrying
out the action
Communication actions - human communication used when
carrying out the action
Cognitive actions - cognitive actions performed when carrying
out the action
Resource management strategies - how actors achieve their
goals in relation to this action, with the resources available

2. Action 2
…

Differences due to
variations

1. For [condition/actor/location] [variation statement] (related to
Actions 1 – n)

Differences in performance within actors (under different conditions),
between actors, or between locations which are different from the
normal course recorded above, but equally valid, are recorded here.

Contextual features 1. If [condition] then [variation statement] (related to Action 1- n)
(Note that the condition describes the one-off or situational
‘contextual feature’ which has been identified as affecting an actor’s
behaviour.)

Constraints List of on-going aspects of the environment, which affect the actors’
behaviour.

Figure 4-1: The RESCUE activity modelling template

4.10. SUMMARY, CONCLUSIONS AND
RECOMMENDATIONS
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This chapter represents a contribution to a framework for developing a principled method for
requirements engineering.  The major assumption of this document is that system requirements
have to be elicited in a context including, though not limited to, an understanding of automation
issues applied to Air Traffic Management and an understanding of current controllers’ activities.
Understanding of current activities is essential to be able to predict what will be the possible
forms of interactions with the new tool.  However in order to understand the future, a view of
what are the current interactions among actors and artefact is necessary.  In other words, it is
through understanding the present that we can hope to successfully predict future changes
brought about by new tools.

The chapter claims that the activity model has a role to play throughout the entire life-cycle of
an artefact development.  As stated, initially, during the requirements engineering phase the
activity model has to lead to a set of constraints and possibilities for the design of the new tool.
Further, the activity model has to establish criteria to measure human-machine system
performance.  For example, functions and roles identified in the analysis might define criteria for
judging the “fitness” of the tool to the new environment.

An understanding of current activities and in particular of monitoring and conflict detection
should include at least descriptions of:

• Actors
• Resources
• Goals
• Actions
• Resource management strategies
• Constraints, and
• Contextual features,

Inter- and intra- subjective variability should be identified and described, and particular attention
should be devoted to understanding not only the role played by prescribed practices, such as
properly executing a co-ordination procedure, but also the role played by non-prescribed goals.
“Finishing the design” (Rasmussen, 1987; Vicente, 1999) which ensures the flexibility of the
tool, is realised through the implementation of non-prescribed goals and practices.

A number of practical recommendations can be drawn from this study.  Input to the activity
model coming from the following sources would certainly be beneficial:

• Automation in the cockpit.  There is a very rich literature about the consequences of
automation in the cockpit (for a review see Woods, Sarter & Billings, 1997).  Lessons learnt
can inform current and future technological development in ATM.  The effect of automation
in the cockpit in the last two decades might reveal mechanisms of adaptation in the long
run.  Following a number of studies conducted after the introduction of the Flight
Management System, a recent study attempted to measure certain aspects of the
integration in the long term (i.e., twenty years after) of the FMS in the cockpit (Hutchins,
2000).  Long-term integration might provide a different view on the requirements of the new
tool.  Finally, as the ATM is increasingly becoming an open system, an integrated view of
technological innovation should be considered.  For this, familiarity with the latest
automation in the cockpit might become a pre-requisite for envisioning the requirements of
new technology, be it on the ground or on board.

• Previous “history” of the tool.  The development of a new tool does not happen in a void.
There is a “history” made up by previous or alternative versions of the tool and by less
advanced automation, that should be taken into account before generating requirements for
the new version.  Reports from Eurocontrol and from National R&D Agencies (such as NLR,
DERA, CENA, NATS, FAA) should be acknowledged as background information.

• Site visits.  Where similar versions of the tool have become operational, field visits should
take place to try to identify and/or clarify issues that previous simulation studies did not
satisfactorily address.
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Although the activity model has a role to play throughout the artefact development cycle, it
should be underlined that for the present purposes, the activity model is a source of requirement
generation.  For example, understanding what are the basic mechanisms for managing
resources during conflict detection and resolution, aims at identifying what are the requirements
for the “cognitive compatibility” between the logic of the aiding tool and that of the operators
working both individually and collectively.

Depending on the resources available, different empirical techniques can inform the construction
of the activity model.  An example was provided during the tutorials, where data coming from
well-structured interviews were discussed and relevance to the requirements generation was
highlighted.  Other techniques include field observations, prototype testing, observations,
brainstorming, and informal scenario walkthrough.  Detailed descriptions and guidelines for
some of these techniques are provided in other chapters.  Whether the input is existing studies
or newly collected data, the central issue is that these data be conceptually organised following
the activity model, and using the activity modelling template presented in this chapter.
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5. SYSTEM GOAL MODELLING

There are different requirements modelling approaches that have been developed for different
purposes. One of the common problems is that stakeholder goals often contradict or conflict,
and there is no possible, single solution that satisfies all of the goals. Therefore, the
requirements team has to make complex trade-offs between requirements to specify the
optimum solution that satisfies most of the requirements of most of the stakeholders most of
the time. The team will have to consider factors such as requirements priorities, importance,
risk, cost, time-to-deliver and dependencies to other important, high-priority stakeholder goals.

Some of the most interesting work on requirements modelling has been done as part of the i*
approach by Eric Yu at the University of Toronto. He has developed a syntax and semantics to
support the modelling of organisation goals and the relationships of these goals with respect to
tasks, resources and requirements, as well as other goals. One of the key ideas in the i*
method is the separation of (hard) goals from soft-goals. Hard goals equate to functional
requirements that are either met or not met. This is indicated in i* models using simple arrows
from a task to achieve the goal to the goal. In contrast soft-goals equate to non-functional
requirements that different solutions (tasks etc) can more or less contribute to. Therefore in i*
models, simple arrows again show dependencies from tasks to the soft-goal, but the
contribution can be positive or negative, as indicated by a + or - on the dependencies arrow.
This is the crux of the i* approach - it is possible to build up complex requirements models
showing different positive and negative dependencies between requirements and other elements
of the model. These models enable the team to better understand the requirements and to be
able to analyse trade-offs between the attainment of requirements. The i* approach has been
extended to enable formal reasoning about models of complex socio-technical systems.

5.1. DEVELOPING A CONTEXT MODEL

In the RESCUE process, i* modelling is preceded, in the system goal modelling stream, by the
development of a context model, which is used to begin to identify system boundaries. i*
strategic dependency models provide a rich representation of the system boundaries in terms of
dependencies between actors that are part of the new system or adjacent to the new system.
However, we also need a simpler, complementary approach for modelling system boundaries
which can be used to guide some of the early RESCUE sub-processes, and in particular the
creative design workshops.

The development of the context model should be informed by an initial stakeholder analysis,
carried out to determine the major categories of system stakeholder. This may be carried out
using a method such as USTM (Macaulay et al 1990), which identifies major categories of
stakeholders as:
• those responsible for system design and development,
• those with a financial interest,
• those responsible for system introduction and maintenance, and
• those who have an interest in system use

or CUSTOM (Kirby 1991), which identifies the categories of:
• primary stakeholders – those who use the system,
• secondary stakeholders – those who do not use the system directly, but receive output

from it or provide input to it,
• tertiary stakeholders – those not included as primary or secondary stakeholders but who

are nonetheless affected by the success or failure of the system, and
• facilitating stakeholders – those who are involved with the design, development or

maintenance of the system.
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Having identified a basic list of stakeholders, we are then in a position to develop a first cut
context model. For this we recommend the use of basic data flow diagram notation. An
example of a first cut context model from the CORA-2 project is shown in Figure 6-2. The
system is represented as a central circle. Flows of data into and out of the system are
represented as arrows to or from the circle, depending on the direction of the data flow.

CORA-2

Departure
manager

En-route
manager

Arrival
manager

Flight data
processor Environment

data base

Trajectory
predictor

Conflict
detector

Systems co-
ordinatorCORA-1,

PAC, TED

Figure 5-1 Example context diagram from the CORA-2 project

Adjacent systems are a useful concept with which to explore system boundaries further.
Robertson and Robertson (1999) provide a useful treatment of adjacent systems. They define
adjacent systems as the systems that supply the future system with information, or receive
information and services from it. Furthermore they provide a simple but useful taxonomy of
adjacent system types to consider (p62). Active adjacent systems behave dynamically. They
can interact with or participate in the work of the future system. An autonomous adjacent
system is some external body, such as another company or department who is not directly
interacting with the future system. Cooperative adjacent systems can be relied to behave
predictably when called upon by the future system. We recommend that you review and apply
this work when positing a system boundary. (Note that for consistency of terminology, we will
refer, from now on, to adjacent actors, rather than adjacent systems.)

Having considered whether each of the different types of stakeholders corresponds to an active,
autonomous or co-operative adjacent actor, a more refined view of system boundaries should be
developed. To do this, we recommend extending the conventional data flow diagram notation so
that a number of concentric circles in the diagram represent different ‘levels’ of involvement and
interaction with the system as follows.

• Level 1: Computer-based systems to design or redesign which are the main software
development focus, or target system, are shown within the central circle;

• Level 2: Users who interact directly with the system, and whose work is being designed or
redesigned as part of the development of the new socio-technical system are shown within
the next layer of the diagram;

• Level 3: Existing systems or people who are influenced by system, systems that will
change to accommodate the new system and its users, but which are not dependent on it
are shown within the next layer;
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• Level 4: External systems that do not change, and are beyond the scope of the project are
shown outside the outer circle.

In developing the extended context model, consider the following guidelines:

• The software system is always at level 1;
• Active adjacent systems are at level 2 of the model;
• Co-operative adjacent systems tend to be at level 2 or level 3;
• Autonomous adjacent systems are at level 4;
• Tertiary stakeholders are often not actors.

CORA-2

Departure
manager

En-route
manager

Arrival
manager

Flight data
processor Environment

data base

Trajectory
predictor

Conflict
detector

Systems co-
ordinatorCORA-1,

PAC, TED

Planner

Tactical

Figure 5-2 Example context diagram using extended DFD notation

5.2. I* OVERVIEW

The i* modelling framework (pronounced eye-star) has been developed at the University of
Toronto by Yu, Mylopoulos and Chung. It is intended to support work process modelling and re-
engineering and to improve the redesign of processes by providing a richer conceptual
framework. The i* framework includes two models. The Strategic Dependency Model, which
describes the network of relationships and dependencies among strategic actors and the
Strategic Rationale model, which provides reasoning for the dependencies between actors and
also models the internal work processes of actors. This section provides an overview of key
concepts in i*, using a model of IKEA (a well-known furniture retailer) as a running example.

The framework includes a strategic dependency model for describing the network of
relationships among actors and a strategic rationale model for describing and supporting the
reasoning that each actor has about its relationships with other actors.

The Strategic Dependency model uses the concepts of:

• Actors and their process elements;
• Dependency Links.
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while the Strategic Rationale model uses the concepts of:

• Actors and their process elements;
• Dependency Links;
• Task Decomposition Links;
• Means End Link;
• Contribute To Soft-goal Link.

5.2.1. Strategic Actors

The i* framework provides a deeper understanding of processes by taking an intentional
strategic view. It enables the visual representation of Work Processes in terms of dependency
relationships among strategic ‘actors’ (stakeholders). Strategic actors have freedom of action
but depend on each other for goals to be achieved and tasks to be performed. Hence, the
central unit to be modelled is the intentional strategic actor. Perhaps, the most important
advantage of i* models against work flow models, is that an actor in i* does not only perform
actions, but has intentional aspects such as objectives, rationale and commitments.

These ‘intentional aspects’ associated with any actor can be distinguished into four Process
Elements: goals, tasks, soft-goals and resources. Actors depend on each other for goals to be
achieved, tasks to be performed and resources to be furnished.

The strategic actor in i* is represented by a circle containing the actor’s name (Figure 5-3).

Actor Furniture
Customer

Figure 5-3 Actor Notation

The intentional aspects of an actor, for example a customer, can be defined in terms of goals,
tasks, resources and soft-goals.

5.2.2. Goal

A goal represents a condition or state of the world that can be achieved or not. Goals in i*
equate to functional requirements that are either met or not met.  A functional requirement
defines what a system must be able to do in terms of states to be achieved and behaviour that
the system should have (for a more detailed definition of functional requirements see Robertson
and Robertson, 1999).

However, a goal does not describe how the desired state or condition can be achieved, but only
describes the state or the condition to be achieved. This means that a goal can be attained in
different ways.

Goals in i* are represented by a curved rectangle (figure 5-4). For example one of the goals of
the Marketing Department of IKEA is that the customer must select the product to be
purchased.

Goal
Product Be

Selected By
Customer
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Figure 5-4 Goal Notation

5.2.3. Task

A task represents one particular way of attaining a goal. Therefore a task can be considered as
a detailed description of how to accomplish a goal. Tasks can be considered as activities that
produce changes in the world. In other words, tasks make conditions or states of the world to
be true.

Tasks in i* are represented by a hexagon (figure 5-5). For example, one of the tasks of the
Marketing Department of IKEA is to print and distribute product catalogues.

Task
Print &

Distribute
Catalogues

Figure 5-5 Task Notation

5.2.4. Resource

Resources are used in i* to model objects in the world. These objects can be physical or
informational. Resources can be considered as the availability of some entity or even the
finished product of some action, process or a task. The finished product of a process can be
represented by a resource, which can be used by some actor.

Resources in i* are represented by a rectangle (figure 5-6). For example a resource may be the
Delivered product or the printed catalogue.

Resource
Delivered
Product

Figure 5-6 Resource Notation

5.2.5. Soft-goal

As described earlier, the notion of the goal is directly related to the notion of goal achievement.
Hence a goal is either achieved or not. However, there are goals that can not be so sharply
defined such as goals that describe properties or constraints of the system being modelled. The
concept of soft-goals in the i* framework can be equated to the concept of a non-functional
requirement.

Non-functional requirements include those relating to maintainability, reliability, usability or
security requirements. The achievement of a non-functional requirement can not be represented
with true or false, but there are activities that affect the achievement of such a requirement
positively or negatively.

The soft-goal notation is shown in figure 5-7. For example, a soft-goal of the customer may be
that the Delivered product should be easy to assemble.

Soft Goal
Product

Be Easily
Assembled

Figure 5-7 Soft-goal Notation
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5.2.6. Wording of Goals, Soft-goals, Resources and
Tasks

It is very important to be careful when naming goals and soft-goals, in order to ensure that the
notion of the goal or soft-goal will be understood by other people, who may be interested in the
models. Although the wording is not restricted in any way, and it is left to the discretion of the
user to ensure its comprehensibility, it is suggested to use the following guidelines.

The SD models produce 3 possible different descriptions:

• The goal, task, resource or soft goal of a depender actor described in the structured
sentences that are developed to produce first-cut SD models.

• The full goal, task, resource or soft goal description, documented in the REDEPEND
description attribute;

• The short goal, task, resource or soft goal description, documented in the SD model itself;

We provide guidelines that support the succinct and consistent description of the 4 process
elements in these 3 ways.

The actor dependency sentences are:

- Goal: <Actor> depends on <actor> to achieve <desirable state> eg Passenger depends on
web site to get tickets purchased.

- Soft goal: <Actor> depends on <actor> to achieve <desirable state> <adjective | adverb>
eg Passenger depends on web site to get tickets purchased quickly.

- Resource: <Actor> depends on <actor> for <resource> eg Passenger depends on web site
for ticket reference.

- Task: <Actor> depends on <actor> to <do task> eg Web site depends on credit check
system to check credit card details.

The corresponding full descriptions are expressed as:

- Goal: The <actor | object> shall be <desirable state> eg The ticket shall be purchased.
- Soft goal: The <actor | object> shall be <desirable state> <adjective | adverb> eg The

ticket shall be purchased quickly.
- Resource: The <actor> shall have <resource> eg The customer shall have a ticket

reference.
- Task: The <actor> shall <do task> eg The system shall check credit card details.

The corresponding short descriptions are:

- Goal: <desirable state> eg ticket purchased
- Soft goal: <desirable state> <adjective | adverb> eg ticket purchased quickly
- Resource: <resource> eg ticket reference
- Task: <do task> check credit card details.

If the identified process element does not fit into these structures, it may need further
consideration.

5.3. DEPENDENCY LINKS
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The Dependency link is a link between two actors and indicates that one actor depends on
another for something that is essential to the former actor for attaining a goal (figure 5-8). The
depending actor is called the depender, the actor who is depended upon is the dependee, and
the process element around which the dependency relationship centres is called the dependum.

Goal

Figure 5-8 Dependency Link Notation

Consider the following theoretical example. ‘Actor1’ depends on ‘Actor2’ in order to achieve the
goal that the dependency link is centred at (figure 5-9).

Goal

Depender Dependee
Depentum

Actor1 Actor2

Figure 5-9 Dependency Link Notation: Depender, dependee, dependum

The depender depends on the dependee for the dependum. The dependum in this case is some
goal that the depender would otherwise be unable to achieve.

5.3.1. Dependency Link Mnemonic

A useful mnemonic for the dependency link is to check the direction of the half-circles of the
dependency (figure 5-10). These half-circles can be considered as the letter “D”. The direction
that the Ds face denotes the direction of the dependency. As the letter “D” is read, on the left is
the depender and on the right is the dependee.

Figure 5-10 Dependency links notation mnemonics

In the case of the IKEA work process (figure 5-11), the marketing department of IKEA depends
on the customer to select the product and the customer depends on IKEA to deliver the
product. (Note the direction of the half circles, to distinguish depender and dependee).

Figure 5-11 Dependency links in the IKEA example
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5.3.2. Vulnerability implied with the Dependency Link

The dependency link represents the fact that the depending actor, by depending on the actor
who is the dependee, is able to achieve goals that it was not able to achieve before, or not as
well, or not as quickly. However this results in the depender becoming vulnerable with respect to
the dependee. This vulnerability is implied because the dependee may fail to accomplish the
specified goal. In the example given above, IKEA is vulnerable on the customer to select a
product, otherwise the IKEA’s goals will not be able to be accomplished. Hence any
dependency link between two actors expresses vulnerability.

5.3.3. Types of Dependency Link

A dependency link between two actors can be centred across any process element, such as
goal, task, resource or soft-goal. Hence four types of dependency links can be identified, based
on the type of the dependum.

Goal Dependency
The depender depends upon the dependee to bring about a certain state in the world.

Task Dependency
The depender depends upon the dependee to carry out an activity.

Resource Dependency
The depender depends upon a dependee for the availability of an entity.

Soft-goal Dependency
The depender depends upon the dependee to perform some task that meets the soft-goal or to
perform the task in a particular way.

These types of dependency link are shown in figure 5-12.

Customer Ikea
Product Be
Selected By
Customer

Print &
Distribute

Catalogues
Customer Ikea

Delivered
Product

Customer Ikea

Product
Be Easily
Assembled

Customer Ikea

Figure 5-12 The 4 types of dependency link

A dependency link can be specified as a committed or as an open dependency. The resource
dependency described in figure 5-12 is a committed dependency, which means that if IKEA fails
to deliver the furniture, the customer cannot achieve its internal goals. The soft-goal dependency
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in figure 5-12 is an open dependency and represents the fact that if the product fails to be easy
to assemble the customer will still be able to achieve its internal goals. Committed
dependencies are identified by an “X” and open dependencies are identified by “O” (figure 5-13).

Delivered
ProductCustomer Ikea

Product
Be Easily

Assembled
Customer Ikea

Figure 5-13 Attributes of the Dependency Link (X is committed, O is open)

5.3.4. Decisions associated with the Dependency Link

Before completing a process (represented in i* by the process elements concept), there usually
are decisions to be made on how the process should be completed. When a process element
is the dependum of a dependency between two actors, the actor who makes any decisions
depends on the type of the dependency. In the following figures, the actor who makes the
decisions is highlighted in a darker colour.

Under a goal dependency, the depender has assigned the achievement of the goal to the
dependee. The dependee is expected to make any decisions required for the achievement of the
goal (figure 5-14). For example, IKEA assigns to the customer the goal of transporting the
furniture. In this goal dependency where IKEA is the depender and the customer is the
dependee, the customer will make the decision of how to transport the furniture, i.e. the
customer will select the task that will accomplish the goal of transporting the furniture.

Actor ActorGoal

IKEA CustomerFurniture Be
Transported

Figure 5-14 Decisions in a Goal Dependency

Under a task dependency, the depender makes all the decisions required in order to perform the
task, and also performs the task (figure 5-15), but needs something from the dependee in order
to be able to carry out the task. Therefore, the depender has not explained to the dependee the
goal behind the task, i.e. the reason for performing the particular task. Hence the depender
decides how the task will be performed in order to achieve the depender’s internal goals. In this
task dependency where the customer is the depender and IKEA is the dependee, the customer
will assemble the furniture, but needs IKEA to supply detailed assembling instructions in order
to be able to do this.

Actor ActorTask

Customer IKEAAssemble
Furniture

Figure 5-15 Decisions in a Task Dependency

Under a soft-goal dependency, the depender makes the final decision, but does so with the
dependee’s know-how (figure 5-16). The depender assigns the soft-goal to the dependee, but the
dependee investigates alternative ways that the soft-goal can be achieved. Hence the dependee
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reports possible ways for achieving the soft-goal to the depender, who makes the decisions. In
this soft-goal dependency where the customer is the depender and IKEA is the dependee, IKEA
will investigate alternative ways for reducing the cost and the customer will decide which is the
most convenient way.

Actor ActorSoft Goal

Low CostCustomer IKEA

Figure 5-16 Decisions in a Soft-goal Dependency

Under a resource dependency the issue of decisions does not come up.

5.4. STRATEGIC DEPENDENCY (SD) MODEL

The Strategic Dependency model provides a network of dependency relationships among
actors. The opportunities available to these actors can be explored by matching the depender
who is the actor who “wants” and the dependee who has the “ability” (figure 5-17).

Figure 5-17 SD Model – Matching of Needs and Abilities

Since the dependee’s abilities can match the depender’s requests, the highest level strategic
model can be developed (figure 5-18).

Figure 5-18 SD Model – IKEA and Customer Dependencies

Hence the customer will depend on IKEA for furniture and also that the furniture will be at low
cost.

However, IKEA has some constraints to set upon the customer’s dependencies. IKEA assigns
to the customer the goal of transporting the furniture to the desired location and the task of
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assembling the furniture. Transporting the furniture is a goal, because the customer (dependee)
can make the decision of how to transport the furniture and also because the furniture can be
transported by different means. The customer has the option to self-transport the furniture or to
pay an extra fee to IKEA for delivery. Consequently, assembling the furniture is a task and
customer expects assembling directions from IKEA (IKEA specifies how to assemble the
furniture). By setting these two additional dependencies IKEA can guarantee that the furniture
will be at low cost (figure 5-19).

Figure 5-19 SD Model – IKEA and Customer Dependencies

Moreover, IKEA guarantees (or the customer wishes) that the furniture will be easy to transport
and to assemble (figure 5-20). These two non-functional requirements can be represented in the
model as soft-goal dependencies. In this case the depender is the customer and the dependee
is IKEA.

Figure 5-20 SD Model – IKEA and Customer Dependencies (Final Model)

Continuing with the analysis, IKEA is a very general actor and hence it can be distinguished
into two Actors. The Marketing Department and the Design & Engineering Department of IKEA.
The model can now be refined, by including these two actors and connecting the customer
dependencies to the appropriate actor (figure 5-21).
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Figure 5-21 SD Model – Marketing, Design and Engineering Departments of IKEA and
Customer Dependencies (Final Model)

The SD model can be used to identify who are the stakeholders and what are their stakes.
However, in the SD model the actor’s internal goals and desires are not explicitly modelled. The
Strategic Rationale model goes beyond this limitation and allows the modelling of the intentional
relationships that are internal to actors.

5.4.1. Practical Guidance on Developing an SD Model

The following provides some answers to frequently asked questions about SD modelling.

What types of dependencies to focus on in SD models?

The SD model is the first, and most high-level system model produced in the RESCUE process.
It is important to focus on the most important dependencies in the SD model, that is the goal
and soft goal type dependencies that represent possible requirements on the future system.
Therefore, if the team propose a task dependency, challenge the task to discover the underlying
goal or soft goal for that task, and turn the task dependency into a goal or soft goal dependency
by using the “why?” question. Likewise, if the team propose a resource dependency, challenge
the resource to discover the underlying goal or soft goal that can only be satisfied if the
resource is available, and turn the resource dependency into a goal or soft goal dependency.

What actors are in the system boundaries (i.e. levels 1, 2 or 3)

The use of actor dependencies to explore system boundaries means that we can express
system boundaries in different, more effective ways.

In considering whether to include an actor within the system boundary, consider the goal and
soft goal dependency links in which the actor is the depender. Each of these dependencies can
be interpreted as a candidate requirement for the future system, that is the depender wants to
achieve the goal or to achieve the soft goal. If this emergent possible requirement is a valid
requirement for the future system, that is, if it is a desirable property of the system that the
project will test the resulting system for compliance with, then the depender actor is within one
of the 3 levels of the system boundary.

If an actor outside the system boundary depends upon an actor within the system boundary to
achieve a goal or soft goal, undertake a task or produce a resource, these goals, soft goals,
tasks and resources do not form explicit requirements for the future system. Instead, these
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goals, soft goals, tasks and resources form rationale for the goals, soft goals, tasks and
resources of the system actor within the system boundary.

Defining the nature of the system interfaces

Dependency links also give important clues as to the nature of the final system interface. If an
actor that is within the system boundary depends on an actor that is outside the system
boundary, then the system interface has to allow for the dependee actor’s involvement in the
system in some way, so that the depender actor can achieve the goal or soft goal, undertake
the task, or obtain the resource. An actor that is outside one of the system boundaries can be
an autonomous adjacent actor, a co-operative adjacent actor, or an active adjacent actor. The
nature of the interface will vary depending of these types, as described in the VOLERE process.

Where to draw actor dependencies

In an SD model, the combination of a depender and the process element that they want must
only be modelled once. Otherwise we generate duplicate requirements. If there are 2 or more
dependees for a depender who wants a certain process element, then model using a 3-way
dependency link (see also section 5.4.6).

When to model tasks and when to model goals

Be careful with how you distinguish between goals and tasks in this work - there is often a lot of
room for confusion. As SD (and SR) modelling are part of the requirements process it is
preferable to model goals rather than tasks. Therefore, default to modelling goals unless:

• There are 2 or more possible solutions, manifest as different tasks, that are available to
meet the goal;

• There is a prescribed and definable solution, again manifest as a task, for achieving the goal
in the future system.

Who does the task?

In a task dependency in a SD model the depender actor undertakes and is responsible for the
task, not the dependee actor.

Document assumptions at the first synchronisation point

The RESCUE creativity workshops will have resulted in many decisions about requirements and
design alternatives that influence the production of the SD model. Ensure that these results,
and their related assumptions, are well-documented and traceable.

5.5. STRATEGIC RATIONALE (SR) MODEL

The SR model provides an intentional description of processes in terms of process elements
and the relationships or rationales linking them. A process element is included in the SR model
only if it is considered important enough to affect the achievement of some goal. The SR model
includes the SD model and hence actors may be able to accomplish something by themselves,
or by depending on other actors.

The SR model has four main types of nodes described previously as process elements:

• Goals;
• Tasks;
• Resources;
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• Soft-goals.

These four types of nodes can be linked by using any of the four relationship links available in
the SR model:

• The Dependency Link  (same as in the SD model);
• The Task Decomposition Link;
• The Means End Link ;
• The Contribute To Soft-goal link.

5.5.1. Task Decomposition Link

A task is modelled in terms of its decomposition into sub-components, represented by the
already defined process elements. A task specifies how to achieve a desired state, so when
there is enough and decomposable knowledge of how to perform a task, then this knowledge
can be decomposed into sub-components (sub-processes) by the task decomposition link.
Since all the sub-components need to be completed for the task to be performed, the
relationship between the sub-components can be interpreted as a logical “AND”.

5.5.1.1. Restrictions of the Task Decomposition Link

The main restriction of the task decomposition link is that the process element to be reduced
(the task to be decomposed) should always be a task. Therefore a task can be decomposed
into lower level process elements, such as sub-goals, sub-tasks, sub-resources or sub-soft-
goals, resulting in four types of Task Decomposition links.

5.5.1.2. Types of Task Decomposition Links

The Task Decomposition link is graphically represented in i* as a straight line marked with an
orthogonal dash on the side of the reduced process element (the task to be decomposed). The
four types of this link are shown in figure 5-22.

Task Goal
Acquire
Furniture

Furnture
BeDelivered

This relationship implies the task is decomposed into a sub goal.

Task Task
Acquire
Furniture

Select
Furniture

This relationship implies the task is decomposed into a sub task.

Task Resource
Furniture
Delivered
By Store

Furniture

This relationship implies the task is decomposed into a sub resource.

Task Soft Goal Acquire
Furniture

Low Cost

This relationship implies the task is decomposed into a sub soft-goal.

Figure 5-22 The 4 types of Task Decomposition Link
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The task sub-goal decomposition means that, for a task to be undertaken successfully, the
sub-goal must first be satisfied. For example, to purchase a ticket successfully, the passenger
must first achieve the goal journey planned.

The task sub-task decomposition means that, for a task to be undertaken successfully, the
sub-task must first be undertaken successfully. For example, to purchase a ticket successfully,
the passenger must first undertake the task select destination and complete it.

The task sub-resource decomposition means that, for a task to be undertaken successfully, the
resource must first be available to the actor undertaking the task. For example, to purchase a
ticket successfully, the passenger must first have the resource flight times.

The task soft-goal decomposition means that, for a task to be undertaken successfully, the soft
goal must first be satisfied. For example, to purchase a ticket successfully, the passenger
must have the soft-goal reliable connection satisfied.

The above examples, when combined, produce the model shown in figure 5-23. This model
represents that the task of a customer to acquire furniture can be decomposed into a sub goal
that the furniture should be delivered AND a sub task of selecting the furniture AND into a sub
soft-goal that the furniture should be at low cost. Hence in order to perform the task of acquiring
furniture, the customer decides to select the furniture to be delivered at a desired place, at a low
cost.

Acquire
Furniture

Furnture
BeDelivered

Low CostSelect
Furniture

AND AND

Figure 5-23 Task Decomposition Links Example

5.5.1.3. Completeness of Task Decomposition Links

One heuristic can be applied to ensure more complete decompositions of tasks. In many SR
models a task can be decomposed into one or more sub-tasks, one or more goals that define
pre-conditions on the task, and one or more resources that have to be available to or consumed
in the task.

5.5.1.4. Ordering in Task Decomposition

There is technically no implied ordering between the sub-process elements of a task that is
decomposed using a task decomposition link. However, effective graphical layout of the sub-
process elements can suggest a possible order to support the readability of the SR model.

5.5.2. Means End Link

The Means End Link  indicates a relationship between an end and a means for attaining the end.
Each means end link provides a different mean for attaining the end. Whenever there are
different ways to achieve a goal, the means end link should be used to represent this
relationship, which acts as a logical ‘OR’ between the different ways (means) of accomplishing
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the goal. The Means End Link  is graphically represented with an arrow, where the arrowhead
points from the means to the end (figure 5-24).

Goal Task

End Means

Figure 5-24 Means End Link Notation

A theoretical and an IKEA example are shown in figure 5-25. The theoretical model example
represents that either Task1 OR Task2 can achieve the goal. If any of these two tasks is
selected to attain the goal, the goal will be achieved. In the IKEA example, two alternative ways
related by a logical “OR” are available to the management department for achieving the goal of
shipping the furniture. Either the furniture must be delivered to the buyer OR the customer must
be assisted to pick up the furniture.

Goal

Task 1 Task 2

Furniture
Must Be
Shipped

Deliver to
Buyer

Assist
Customer to

Pick up

Figure 5-25 Means End Link Example

5.5.2.1. Restrictions of the Means End Link

The means is usually expressed in the form of a task, since the notion of the task embodies
‘How’ to do something. On the other hand, the end can be a goal, a task, or a resource. For the
case of a soft-goal as an end, the Contribute To Soft-goal link is used.

Although the above restrictions are not defined in the i* literature, we recommend that they
should be followed. However, the modeller is free to use any of the possible means end links,
but the reasoning of the link should always be carefully validated. The links that are described in
the i* literature are listed below.

5.5.2.2. Main Types of Means End Link

There are 4 main types of means-end link, and you need to treat these types with care, as
overuse or misuse can cause confusion.

The main types of means ends links are listed below. Two letters identify them. The first
represents the end and the second the means. For example, the GT Link represents a means
end link with a goal as the end and a task as the means.

Goal – Task Link (GTLink)

The goal-task link is the form of means-end link that you will use most often. Tasks represent
alternative ways of achieving the goal. The Means End Link indicates a relationship between an
end and a means for attaining the end. Each means end link provides a different means for
attaining the end. Whenever there are different ways to achieve a goal, the means end link
should be used to represent this relationship, which acts as a logical ‘OR’ between the different
ways (means) of accomplishing the goal.

Goal Task
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Figure 5-26 GT Link

Resource – Task Link (RTLink)

In the RT link (figure 5-27), the end is specified as a resource and the means is specified as a
task. The task indicates how the resource can be obtained, that is, the resource is the output of
the task. For example, the task of purchasing a ticket produces a booking. Again the resource
may be obtained by different means, so the resource as an end may have more than one
means end links. Note this type of link does not represent a logical OR between tasks.

Resource Task

Figure 5-27 RT Link

Goal – Goal Link (GGLink)

The GGLink permits the reduction of goals to subgoals (figure 5-28), thus it describes a
standard goal-decomposition hierarchy.  Given a goal as the end, the means could be specified
as a conjuction of sub goals. For example, to achieve the goal flight is taken the passenger
must first achieve the goal ticket is purchased. However this requires that no other process
elements (tasks, resources, soft-goals) will be linked to the end goal (high level goal). Note this
type of link does not represent a logical OR between the sub-goals. Rather it is a logical AND.

Goal Goal

Figure 5-28 GG Link

Task – Task Link (TTLink)

This link has a task as both the means and the end (figure 5-29). It represents one method for
decomposing a task into possible alternative subtasks, related with a logical “OR” relationship.
Although a task describes How can something be done, there may still be alternative ways of
performing the task, so this can still be seen as a means-ends (OR) link. Thus, if the actor is
presented with several possible means of doing something in their everyday activity, use the
task-task means-end link. For example, if the passenger undertakes the task purchase a
ticket , the passenger has the option of undertaking the task do online purchase.

TaskTask

Figure 5-29 TT Link

However, it is important to understand the difference between the TTLink and the task
decomposition link, that decomposes a task to subtasks (figure 5-30). The task decomposition
implies an “AND” relationship between the subtasks, while the TT link implies an OR
relationship.

Task B Task C

Task A

Task B Task C

Task A

OR AND

Figure 5-30 Difference between Task Decomposition Link and TT Link
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In the left diagram, task A can be accomplished by either accomplishing task B OR task C,
while in the diagram on the right, task A can be accomplished by accomplishing both task B
AND task C. Additionally, the task decomposition link can be used to decompose a task to
different process elements, while the TT link can be used to decompose a task only to
subtasks and not to any other process elements.

5.5.2.3. Inclusive – Exclusive  Means End Links

There are cases that a goal can be achieved by either performing one task or another. This is
described as an explicit means end link. For example, IKEA, in order to achieve the goal
Furniture must be shipped, can either perform task Deliver to Customer or task Assist
Customer To Pick Up (figure 5-31). However there are cases when parts (sub-components) of
each of the two tasks can achieve the goal. This is described as an implicit means end link. For
example (figure 5-31), the customer can be attracted by advertisements or by printed
catalogues or by both.

Furniture
Must Be
Shipped

Deliver To
Customer

Assist
Customer
To Pick Up

Customer
Be Attracted

Advetise
Shop

Print &
Distribute

Catalogues

Figure 5-31 Implicit and Explicit Means End Link

5.5.2.4. Combining Task Decomposition and Mean End Links

Do not combine task decomposition and mean-ends links on a single element in a SR model.
This combines semantics in unanticipated ways and can cause ambiguity. Instead, add
additional elements to the SR model in order to link task decomposition links and means-ends
links to different task and end elements.

5.5.3. Contribute to Soft-goal Link

A Contribute to Soft-goal Link is a Means End Link with a soft-goal as the end. Since the
achievement of a soft-goal cannot be clearly defined, any means end link with a soft-goal as the
end, would be a confusing concept. This is due to the fact that no means can be specified for
the achievement of a goal (end) that can not be clearly defined.

However, a slightly different kind of relationship link can be defined and this is the Contribute To
Soft-goal link. This link represents that a goal, a task, a resource or a soft-goal can be positively
or negatively contributing to the attainment of a soft-goal, without ensuring the attainment.

5.5.3.1. Restrictions of the Contribute To Soft-goal Link

The only restriction for the Contribute To Soft-goal link is that the end should always be a soft-
goal. There are no restrictions for the means, resulting in the following types of Contribute to
soft-goal links. The graphical notation of this link is a curved arrow, where the arrowhead again
points from the means to the end, which always is a soft-goal.
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5.5.3.2. Types of Contribute To Soft-goal Link

Soft-goal – Task Link (STLink)

The accomplishment of the task contributes positively or negatively to the achievement of a soft-
goal (figure 5-32). For example in the IKEA model, a task of Delivery By Store would contribute
negatively to a soft-goal of low cost.

TaskSoft Goal

Delivery By
StoreLow Cost

+ or -

-

Figure 5-32 ST Link

Soft-goal – Resource Link (SRLink)

The attainment of resource can contribute positively or negatively to the achievement of a soft-
goal (figure 5-33). For example, the delivered product resource would contribute positively to the
soft-goal of the customer being satisfied. This link will not be used very often, but it has been
used in this case for demonstration purposes. There will usually be a higher level task or a goal,
that produces this resource and hence the higher level task or goal will be contributing to the
soft-goal.

ResourceSoft Goal

Delivered
Product

Customer
Satisfaction

+ or -

+

Figure 5-33 The SR Link

Soft-goal – Goal Link (SGLink)

The accomplishment of a goal may contribute positively or negatively to the achievement of a
soft-goal (figure 5-34). This link may be helpful at a low level analysis, when there are alternative
competing goals. An example of the SG link is when the customer has an internal goal that the
furniture should be delivered, then this goal contributes positively to the customer’s soft-goal to
be satisfied.

GoalSoft Goal

FurnitureBe
Delivered

Customer
Satisfaction

+ or -

+

Figure 5-34 The SG Link

Soft-goal – Soft-goal Link (SSLink)

The SSLink permits the development of a means-ends hierarchy of soft-goals, until eventually
some soft-goals can be addressed by linking to tasks (figure 5-35). It provides a relation for
decomposing soft-goals. For example customer satisfaction can be decomposed to the soft-
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goal of low cost and quick availability. Both the sub soft-goals can be contributing positively or
negatively.

Customer
Satisfaction Low Cost

Soft Goal Soft Goal
+ or -

+

Figure 5-35 The SS Link

5.5.3.3. Additional Attributes of the Contribute To Soft-goal Link

So far, it has been mentioned that the Contribute To Soft-goal links have two attributes positive
or negative contribution. Additionally, two more attributes are available “enough” (sup) or “not
enough” (sub) (Yu, 1995). Enough means that it will be generally accepted that the soft-goal will
be achieved by the means and not enough expresses that it will be generally accepted that the
soft-goal will not be achieved by the means. For example (figure 5-36), if the furniture is
delivered by the store, then the customer will not be satisfied (not enough – sub) for the quick
availability of the furniture, while if the customer pick up the furniture, he will be satisfied for
quick availability.

Furniture MustBe
Available
Quickly

Deliver By
Store

PickUp
By Self

sup sub

Figure 5-36 Attributes of Contribute To Soft-goal Link

5.5.3.4. How to Determine Positive and Negative Contribute To Soft-
goal Links

By their very definition positive and negative contribute to soft-goal links are often defined relative
to other links. When considering how to express such links it is useful to consider 2 types of
link – links where the means is a soft-goal or goal, and links where the means is a task.

The use of a soft-goal or a goal as the means of a contributes-to soft-goal link expresses the
existence of either reinforcement of goals and soft-goals (for positive links) or non-optimum goal
satisfaction for the system being specified. Such links are often based on assumptions about
the limitations of current technologies to satisfy all soft-goals regardless of the system solutions
being considered. Therefore consider such positive and negative contributes to soft-goal links as
givens for the application domain.

In contrast the use of a task as the means of a contributes to soft-goal link expresses the
existence of a trade-off space between alternative solutions to meet the system’s goals and
soft-goals. In such cases, the positive or negative contribution of a task to the satisfaction of a
soft-goal is relative to the positive or negative contribution of other tasks to the same goals, and
should be defined as such.
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5.5.4. Strategic Rationale Model - Theoretical Example

The strategic rationale model always represents process elements in respect to a specific
actor. The internal process elements of each actor are always in the actor boundary (figure 5-
37). The highest level internal process element of Actor 1 is Task 1. Task 1 is decomposed into
a sub task (Task 2) and a sub soft-goal (Soft-goal1) and finally into a sub goal (Goal 1). Task 1
also depends on a resource from Actor 2, so Actor 1 is vulnerable to Actor 2 for this resource.

In order to perform Task  1, Actor 1 needs to decide one of the alternative ways for
accomplishing Goal1. Actor 1 can either perform Task3 or Task4 in order to accomplish Goal
1. However, it is almost definite that Actor 1 will choose to perform Task 3 to accomplish Goal
1, because Task 4 contributes negatively to Soft-goal 1, while Task 3 contributes positively.

Figure 5-37 SR Model Theoretical Example

5.5.5. Strategic Rationale Model - IKEA example

Firstly, the customer’s internal process elements should be modelled (figure 5-38).
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Customer
Acquire

Furniture

Furniture Be
DeliveredSelect Furniture

Store
Delivers
Furniture

Learn About
Stores &
Products

Customer
Picks Up
Furniture

Low Cost

Low Service
Cost

Low Product
Cost

Assemble
Furniture

Product
Must Be Ready

For Use

Employ
Technician

Figure 5-38 SR Model – Customer’s Model

The highest level task of the customer is to acquire furniture. This task can be decomposed into
smaller activities. The customer will always have in mind to acquire the furniture at low cost, so
this is interpreted as a soft-goal. Then, the customer will have to perform two activities. Firstly,
learn about stores and their products and then select the furniture. When these two tasks have
finished, the customer will probably be concerned with how the furniture will be delivered and
that the product should be ready for use.

These latter two concerns are represented as goals because they can be achieved in alternative
ways. In order for the furniture to be delivered, the customer can either self-pick up the furniture
or let IKEA deliver the furniture. However, these two alternatives have different contributions to
the Low Cost soft-goal of the customer. Therefore, it is likely that the customer will choose to
pick up the furniture, since this task contributes positively to the soft-goal of low cost.

Similarly, since most of IKEA’s furniture is self assembled, the customer has two alternatives in
order to have the furniture ready for use. The customer can self assemble the furniture or
employ a technician1 to assemble it. Again, since these two tasks have different contributions,
the customer is likely to self-assemble the furniture, since this helps the reduction of cost.

Next the Marketing and Design & Engineering Departments internal process elements should
be modelled (figure 5-39).  The highest task of the Marketing Department is the Marketing of
IKEA. This task can be decomposed in different sub-goals. The first goal is that customers
should be attracted, the second that the furniture must be sold and third that the furniture must
be shipped. Customers can be attracted by advertising the shop or by printing and distributing
product catalogues. Then, the furniture can be sold because of the low cost or because of the
detailed info or because the customer is persuaded to buy them (implicit means end). Finally in
order to ship the product, either it must be delivered or the customer should be assisted to pick
it up (explicit means end).

The Design and Engineering Department’s highest level process element is the goal to produce
the product. The Department can either produce an already assembled product, or a product
kit. In the case of the product kit, the product components and the assembling instructions
must be produced.

                                                
1 If the customer does not wish to self-assemble the furniture, IKEA may be able to recommend
external professional services. (see
www.ikea.co.uk/customer_service/faq/viewfaq.asp?id=4686bb1b15a5d411a36000508b72d091&nummer=1&category= )



Page 108 of 238

Again, it is very important to observe some of the tradeoffs. Producing a product kit will
contribute positively to low cost, while producing the assembled product will contribute
negatively to low cost. Hence, the Engineering Department has decided to produce the product
kits instead of the assembled product, because IKEA’s Marketing department is focussed on
attracting customers who are looking for low cost furniture. Additionally this is one of IKEA’s
policies2.

Marketing
Department

Design &
Engineering
Department

Furniture
Must Be
Shipped

Deliver To
Customer

Assist
Customer

To Pick Up

Marketing

Customer
Be Attracted
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Must Be
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Advetise
Shop

Print &
Distribute

Catalogues

Pesuade
Customer

To Buy

Provide
Detailed

Info

Product
Be Produced

Produce
Assembled

Product

Produce
Product Kit

Produce
Product

Components

Produce
Assembling
Instructions

Low Cost

Figure 5-39 SR Model – IKEA’s Model

Now the internal intentional models of the Marketing and Design & Engineering Departments
should be combined with the earlier developed Strategic Dependency model (figure 5-21), in
order to also incorporate the dependencies between the three actors (figure 5-40).

                                                
2 IKEA expresses it’s vision to provide light, simple and colourful designs that are practical to use, at
an affordable price. (see http://www.ikea.co.uk/about_ikea/our_vision/vision.asp?page=2 )
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Figure 5-40 SR Model – Connecting the dependencies of the SD model

In the Strategic Rationale model, dependency links are to be connected directly to actors only if
there is no process element in the actor’s process that initiates these dependencies. Therefore,
the next step is to identify the appropriate process elements of each actor, where the
dependency links will be connected.

Figure 5-41 SR Model – Contribute to Soft-goal Links have been removed

In figure 5-41 the Contribute To links have been removed, to simplify the diagram at this stage.
The same diagram with the Contribute To links is shown later in figure 5-42. If the customer
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decides to let IKEA handle the delivery, then the customer task Store Delivers Furniture
depends on the Marketing Department for delivering the furniture. The furniture in this case is a
physical resource.

In the scenario that the customer decides to pick up the furniture there are two dependencies.
The Marketing Department assigns to the customer the goal of picking up the furniture, i.e. the
customer decides how to transport the furniture. Additionally, the customer depends on the task
Produce Product Kit of the Design & Engineering Department for easy to transport furniture.

The goal Furniture Must Be Assembled is assigned to the customer, by the Design &
Engineering Department in order to satisfy the soft-goal of low cost of the marketing department
(figure 5-39). The customer is involved in self-assembling the furniture in order to accomplish
this goal (Furniture Must Be Assembled). However, the customer has a constraint to impose on
the Design department and this is that the furniture should be easy to assemble.

Finally, at this stage it is important to note that the low cost soft-goal is not represented as a
dependency, because it exists in the internal intentional aspects of both actors. However this
soft-goal may be interpreted differently by each actor.

Figure 5-42 SR Model – with Contributes to Soft-goal links

In order to extend the reasoning of the model further, we shall identify five more dependencies
(Figure 5-41) between IKEA and its customers. These dependencies will also contribute to a
more detailed reasoning about the relationship between the two actors.

One way to attract customers (customer Be Attracted) is to advertise the store, so customers
learn about the store. Additionally, by printing and distributing catalogues, IKEA not only
promotes the store (Good Image for Store & Products), but also provides detailed product info
(Product Info) that will assist the customer in selecting a product. These processes help the
potential customers to decide whether the product is suitable (Convinced About Product
Suitability) and hence persuade them to visit the store (Customer To Visit Store) and buy the
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product. Although IKEA promotes the idea of self-delivery by reducing costs, it also ensures
that the products will be shipped by providing convenient deliveries.

Figure 5-43 SR Model IKEA Example, Final Model

5.5.6. Nodes with multiple links

There are cases where several process elements are decomposed to one subcomponent. For
example, two or more tasks can be decomposed to a resource, representing that all the tasks
produce the resource (figure 5-44). In general, multiple refinement links are allowed, but the
modeller always has to analyse the reasoning of the links and specify whether the links
represent an “or” or an “and” relationship. In a similar way dependency links can be linked to
more than one process element.

Task 1 Task 2

Resource

Figure 5-44 Multiple Links

At an actor boundary an incoming dependency link is also an implicit means-end link, with the
dependum being the end (Figure 5-43). For example, in the resource dependency product info,
the resource is the end and the tasks of the marketing department Print & Distribute
Catalogues and Provide Detailed Info are the two means for providing the resource. Hence this
incoming dependency link can also be classified as an RT means end link.
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Print &
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Product Info

end
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Figure 5-45 Incoming Dependency

On the other hand, an outgoing dependency link from a task is also a task decomposition link,
the dependum being one of the subcomponents (figure 5-46). Both the tasks Print & Distribute
Catalogues and Advertise shop are decomposed to soft-goal Good Image for Store & Products.

Advetise
Shop

Print &
Distribute

Catalogues
Good Image
For Store &

Products

Tasks to be
decomposed

sub softgoal

Figure 5-46 Outgoing Dependency Link to a Task

Similarly, an outgoing dependency link from a goal is also a means end link, with the dependum
being the means (figure 5-47). In the scenario that the customer purchases only light items and
does not require assistance to pick up the product then the task Assist Customer To Pick Up
Furniture can be omitted (figure 5-43). The outgoing dependency link can also be interpreted as
a means of the goal Furniture Must Be Shipped.

Furniture
Must Be
Shipped

Furniture Must
 Be Picked Up
By Customer

end

means

Figure 5-47 Outgoing Dependency Link to a Goal

In all cases the reasoning of each link should be investigated by the modeller as there may be
interpretations different to the above, which are more appropriate to other specific models.

5.5.7. What goes into a single-actor SR model

Sometimes it is difficult to determine what process elements to model in the SR model of one
actor rather than another actor. Problems arise when assigning goals, soft goals, tasks and
resources to certain actors. There are several heuristics to consider here.

Firstly, a single process element that is modelled as a dependency link in the SD model often
represents several process elements of different actors in the SR model. For example a safety
soft goal expressed as a soft goal dependency in the SD model often obscures the existence of
several safety goals of different actors, all of which depend on and contribute to each other.
Therefore, the first heuristic is: be prepared to model what appears to be the same goal and soft
goal from the perspectives of different actors.

Secondly, some task-type dependencies model tasks that are undertaken by both the depender
and the dependee actors. SR models do not lend themselves to model shared tasks easily. The
modeller is required to make a decision as to who is the principal actor in the task (which
undertakes most of the actions that compose the task), and the task should be modelled for
that actor.
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Thirdly, there is an issue as to whether a single-actor SR model should include the process
elements that the actor can achieve on its own (i.e. goals and tasks) or should it include what it
wants (e.g. resources) or wants to achieve on its own (e.g. goals and tasks). In RESCUE we
use i* models to model the FUTURE system, that is, the goals and soft goals that actors in the
future system can achieve, the tasks that have to be undertaken by these actors, and the
resources that are needed or produced to achieve these tasks. As such the modeller is
producing a future system model of dependers and dependees that is based on assumptions
about constraints from the current system and how the future system will work. Therefore, a SR
model shall include what each actor wants (e.g. resources) or wants to achieve on its own (e.g.
soft goals, goals and tasks).

5.5.8. What, How and Why Questions

The Task Decomposition Link provides answers to “What” questions such as what may a
process or a task include. To answer such a question, one should seek a task decomposition
link. For example,  “What does the task of acquiring furniture include for the customer?” It
includes the customer needing to learn about stores and products, select the furniture, arrange
for the furniture to be delivered and that the product must be assembled (ready to use).

At any node when one asks a “How” question a means is sought with the current node being its
desired end (see figure 5-48). When asking a “Why” question, one seeks to discover the end for
which the current node is the means.

The framework allows us to systematically explore alternative designs, by answering some of
the following questions:

• Why does a task have to be performed?
• What resources does a task require?
• What are the soft-goals relevant to a task?
• What are the means for a given end?

Perhaps, this is one of the most important advantages of i*. Being able to ask what, how and
why questions provides a deeper understanding of the relationship between processes and
actors.

Figure 5-48: What, how and why questions

5.6. THE PROCESS FOR PRODUCING SD AND
SR MODELS

RESCUE prescribes a sequential process for producing i* system models:

• Produce the SD model;

Furniture Must
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Deliver To
Customer
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To Pick Up

How can the
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By delivery to
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by assisting customer

to pick up.
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Because the furniture
must be shipped.
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• Produce an SR model for each actor in the SD model;
• Produce a single, integrated SR model using dependencies in the SD model.

Furthermore we provide a heuristic for cross-checking SD and SR models:

- IF Actor A is a depender in a dependency relationship in the SD model THEN the
depended-upon element is modelled in Actor A’s SR model

That is, all elements that a depender wants in a SD model must be included in the SR model for
that actor. Thus the SD model provides elements for a first draft of the SR model, although other
elements will almost always need to be added. Such heuristics can be manipulated by more
experienced modellers to support more concurrent development of SD and SR models based on
a first-cut SD model that identifies the principle actors. Recognise that issues that arise in the
development of a SR model provoke possible changes to the SD model. Therefore, experienced
modellers are encouraged to develop the SD and SR models concurrently, cross-checking the
models frequently to ensure that the models remain consistent with respect to each other.

5.6.1. Checking SD and SR Models for Completeness
and Correctness

Both SD and SR models will become quite large over time. To check that each individual model
is complete and correct with stakeholder goals, soft-goals, tasks and resources we recommend
simple walkthrough techniques for each process element in a model.

For a task:

• Does this task represent one way of achieving any other goals in the model undertaken by
the actor who undertakes the task? If so, add a means-end link and/or goal;

• Does this task represent one way of achieving any other goals in the model undertaken by
other actors, thus suggesting a missing task dependency? If so, add a task dependency
link;

• Does this task contribute to achieving any other soft goals in the model undertaken by the
actor who undertakes the task? If so, add a contributes-to soft goal link;

• Does this task contribute to achieving any other soft goals in the model undertaken by other
actors, thus suggesting a missing task dependency? If so, add a task dependency link;

• Can a task be decomposed into any more sub-tasks? If so, add the sub-task and the task
decomposition link;

• Can a task be decomposed into any resources? If so, add the resource and the task
decomposition link;

• Can a task be decomposed into any more sub-goals? If so, add the sub-goal and the task
decomposition link;

• Does the task generate any more resources? If so, add the resource and connect it to the
task using a means-end link.

For a resource:

• Is this resource available to and/or consumed by a task? If so, add the task and a task
decomposition link;

• Is this resource generated by a task? If so, add the task and a means-end link;
• Is the resource a means to achieving a goal? If so, add the goal and a means-end link;
• Is the resource that contributes directly to the achievement of a soft goal? If so, add the soft

goal and a contributes-to soft goal link.

For a goal:
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• Is this goal a means that is achieved by other tasks? If so, add the task and a means-end
link;

• Is this goal a sub-goal that, if attained, a means to the attainment of another goal? If so, link
the 2 goals using a means-end link;

• Is this goal a goal that, if attained, contributes to the attainment of one or more soft goals?
If so, link the goal and the soft goals using positive contributes-to soft goal links;

• Is this goal a goal that, if attained, inhibits in some way the attainment of one or more soft
goals? If so, link the goal and the soft goals using negative contributes-to soft goal links;

• Is this a goal that can be decomposed into sub-goals? If so, generate two or more new
goals and link them to the goal using means-end links;

• Are there well-specified solutions or tasks for achieving the goal? If so represent each
solution in terms of a task undertaken by an actor, and link the goal and tasks using
means-end links.

For a soft-goal:

• Does the soft goal contribute positively or negatively, either intentionally or otherwise, to
other soft goals to be attained by that actor regardless of the tasks that are specified? If so,
add a positive or negative contributes-to soft goal link to each relevant soft goal;

• Does the soft goal contribute positively or negatively, either intentionally or otherwise, to
other soft goals to be attained by other actors regardless of the tasks that are specified? If
so, add a positive or negative contributes-to soft goal link to each relevant soft goal of each
actor;

• Is the attainment of the soft goal that is contributed to by one or more tasks (a specific way
of doing something) which is undertaken by the actor? If so, add a positive or negative
contributes-to link from the task to the soft goal;

• Is the attainment of the soft goal that is contributed to by one or more tasks (a specific way
of doing something) which is undertaken by another actor? If so, add a positive or negative
contributes-to link from the task to the soft goal.

5.7. REDEPEND – I* MODELLING TOOL

REDEPEND is a graphical modelling tool that works as a plug-in to the Microsoft Visio
Environment.  The tool enables a user to construct and analyse i* Strategic Dependency (SD)
and Strategic Rational (SR) models. REDEPEND is developed using Visual Basic for
Applications, otherwise known as VBA.

REDEPEND appears on the users screen as shown in figure 5-49.
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Figure 5-49: REDEPEND Overview

With REDEPEND, the user is able to drag and drop the required elements into the work area
and use the pre-defined links to provide the associations between the different elements within a
model. The right-hand mouse button gives access to i*-specific functions such as changing the
type of an object (e.g. from goal to soft goal), adding additional information to each model
object, and checking model properties.

The tool also provides some simple model checking functions, these can either be switched on
or off at the user’s discretion.  When the checking features are on, they notify the user
immediately if any change to the model is illegal for example the use of the contributes-to soft
goal link with a normal goal instead of a soft-goal.

5.8. ADVANTAGES OF THE I* FRAMEWORK

The following points are a summary of the advantages i*:

• The graphical representation of the framework provides a rich aid for understanding complex
work processes, organisations or systems;

• Captures what matters to the actors while leaving out non-essential details;
• Represents the dependencies between actors and the vulnerability associated;
• Indicates bottlenecks and helps to detect that an actor may not perform a task or not attain

a goal, although it is able to, due to more important commitments;
• Provides answers to how and why questions;
• Encourages the re-design of processes in a way that better suits the actors interests,

needs and beliefs;
• Finally, the framework is goal oriented due to the means-end link and agent oriented due to

the strategic dependency model.

5.9. THE INCOMPLETENESS IN I*

REDEPEND
Worksheet

MS Visio

REDEPEND
Stencil
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A strategic view also implies that the modelling framework should allow a high degree of
incompleteness. Details that are not pertinent to the evaluation of alternative process designs
can be omitted.

The framework is aimed at modelling strategic relationships and reasoning. Such knowledge is
expected to be incomplete. The internal process elements of each actor are not assumed to be
a complete list, but only those that are strategically significant, as judged by the modeller.

Due to the rich variety of i* semantics, the modeller should always investigate which of the i*
concepts best represents the relationship to be modelled.
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6. CREATIVE DESIGN WORKSHOPS

Requirements and design activities are intertwined. Although the requirements process as a
whole aims to deliver a requirements specification that is independent of possible design
solutions, the process of analysis and decision that delivers this document must also consider
high-level design decisions, for example, to determine possible boundaries for the socio-
technical system or to control a large amount of varying design alternatives. Most requirements
engineering methods try to ignore design decisions rather than addressing them directly, and
the result is often that high-level, ill-founded decisions are made during the requirements
engineering process that constrain the resulting requirements. Instead, to avoid this, the
RESCUE process defines a separate, concurrent sub-process in which high-level designs can
be identified, brainstormed, analysed and decided upon during a series of carefully controlled
creative design workshops.

Requirements engineering is increasingly a creative process in which stakeholders and
designers work together to create ideas for new systems that are eventually expressed as
requirements. The importance of creative product design is expected to increase over the next
decade. The Nomura Research Institute (Nomura 2001) argues that creativity will be the next
key economic activity, replacing information. Creativity is indispensable for more innovative
product development (Hargadon & Sutton 2000), and the statement of requirements is the key
abstraction that encapsulates the results of creative thinking to allow us to envision an
innovative product. The move towards increasing use of creativity is a trend that requirements
engineering researchers and practitioners, with their current focus on elicitation, analysis and
management, have yet to grasp fully.

Creative thinking is encouraged in RESCUE in especially-arranged design workshops, the
purpose of which is to create short-term “greenhouse” environments in domains that are
traditionally more systematic and ordered. We design each workshop to support 4 essential
processes (preparation, incubation, illumination and verification) in creative thinking. To prepare
stakeholders we maintain regular dialogue with stakeholders via e-mail between workshops to
encourage them to discuss creative processes and ideas from earlier workshops. In each
workshop we encourage ideas to incubate using techniques including presentations from
experts in non-air traffic control domains (see below), games to remove people’s inhibitions,
listening to music and discussing paintings, and playing with props such as making aeroplanes
from balloons! Each incubation period is followed by shorter, more intensive periods to
illuminate  ideas. People work together in dynamically-designed groups to generate new ideas
from the baseline of the previous creative process cycle. In the later workshops we also
encourage verification of ideas by asking stakeholders to assess, rank and categorise the
new ideas in different ways. We repeat this process several times in each workshop. To guide
the participants during these processes, we use simple explorer, artist, judge, and warrior roles
to focus them on specific activities.

In addition to structuring activities in terms of the four processes described above, we design
each workshop to support the divergence and convergence of ideas described in the CPS model
(Daupert 2002). As such each workshop period, which typically lasts half a day, starts from an
agreed current system model, diverges, then converges towards a revised agreed model that
incorporates new ideas at the end of the session. Finally, we design each workshop period to
encourage one of 3 basic types of creativity identified by Boden (1990) – exploratory,
combinatorial and transformational creativity. Figure 6-1 shows how these 3 models are
combined in the design of a RESCUE creativity workshop.

This chapter presents a description of a creativity workshop run as part of the DMAN project as
a guide to the way in which similar workshops may be run in future projects.
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Figure 6-1: The basic structure of creative periods during a RESCUE creativity workshop

6.1. THE DMAN WORKSHOP

The DMAN creativity workshop described here took place over 2 full days, two months into the
DMAN requirements process. The DMAN team had completed RESCUE stage 1, and its
deliverables provided essential inputs in the form of shared models to the workshop. These
deliverables included an extended system context model that described the DMAN system and
all of its adjacent actors, a use case model that also showed these actors and 18 DMAN socio-
technical system use cases, and use case précis that described how human and systems
might work to achieve DMAN goals. Use case précis tended to be short and informal
descriptions. For example, the précis for UC4 – DMAN  gives start-up clearance to an aircraft –
read the clearance delivery controller checks the planned start-up time from DMAN and delivers
clearance if appropriate.

The workshop was held in a large meeting room. The 2 models and 18 use case précis provided
the structure for the workshop room itself. At the beginning of the workshop each model and
précis was posted on separate 1m2 pin boards placed around the workshop room that became
the physical and logical space for ideas and requirements that were associated with that model
and use case during the workshop. The room was divided into 2 areas – a presentation area
with a LCD projector in front of a large table around which all the participants could sit – and a
breakout area with comfortable chairs placed around small tables to enable group work for 4
groups containing 4 or 5 people each.
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Twenty-one participants attended the workshop. The participants represented a cross-section of
roles in departure management and scheduling in the UK and France, as well as two workshop
facilitators and a workshop scribe.

The workshop was facilitated to encourage a fun atmosphere so that the participants were
relaxed and prepared to generate and voice ideas without fear of criticism. For example, the
second day began with a balloon animal making competition, with a prize for the participant who
created the best animal. During creativity periods, standard RAD/JAD facilitation techniques and
rules (Andrews 1991) such as avoiding criticism of other people’s ideas and time-boxing each
topic under discussion were applied.

Participants were supplied with A6 RESCUE colour-coded idea cards, post-it notes, A3 paper,
felt pens and blu-tack with which to capture the results from the workshop. Everything captured
on the posters was subsequently documented electronically in a workshop report that was sent
to all participants and underwent 2 minor version revisions in light of feedback from participants.

The workshop ran for 2 consecutive days, 09.00-17.00hrs each day. Each day was divided into
two distinct creative periods following the structure depicted in figure 6-1. The timings and
activities from the workshop are shown in table 6-1.

Day & time Activities undertaken

Day 1, 09.00 Establish creativity rules and climate
Day 1, 09.30 Present and establish agreement on input models
Day 1, 10.30 Exploratory creativity using analogical reasoning
Day 1, lunch Revise models in light of findings
Day 1, 14.00 Transformational creativity focusing on information

visualisation
Day 1, end Revise models in light of findings

Day 2, 09.00 Combinatorial creativity using analogy with fusion cooking
Day 2, lunch Revise models in light of findings
Day 2, 14.30 Combinatorial creativity using storyboards
Day 2, end Revise models in light of findings

Table 6-1: Overview of workshop activities and timetable

The agenda shows 5 distinct creative periods, each supporting the divergence then convergence
of ideas, distinct preparation, incubation, illumination and verification activities, and activities to
support exploratory creativity (through an analogy with railway scheduling), combinatorial
creativity (through an analogy with fusion cooking, and the use of storyboards) and
transformational creativity by exploring different information visualization solutions.

6.1.1. Exploratory Creativity with Analogies

We define 2 requirement domains as analogous if the domains share a network of knowledge
structures that describe goal-related behaviour in both domains (Maiden & Sutcliffe 1992).
Studies showed that people can exploit such analogies to reuse requirements if they are given
support to recognise, understand and transfer the analogies. In the creative workshops we
provided this support but encouraged the participants to go one step further and use the
transferred knowledge from the non-air traffic domain to provoke creative thinking about
requirements ideas in the air traffic domain.

The facilitators encouraged analogical reasoning by, before the workshop, applying the NATURE
Domain Theory (Sutcliffe et al. 1998) to identify and elaborate an analogical match with DMAN’s
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aircraft scheduling and management domain. The selected analogy was with railway timetable
scheduling. Both domains are prototypical instantiations of 2 key NATURE object system
models:

• RESOURCE ALLOCATION: allocating resources to needs according to complex
constraints to produce a plan;

• AGENT MONITORING:  agents monitor the movement of objects in a remote space.
Furthermore, previous studies of analogical problem solving have suggested that similarity-
based reasoning is difficult (Gick & Holyoak 1983), and that people often needs syntactic
similarities between the domains to recognise the analogy (Ross 1987).  Therefore, in contrast
to our previous use of analogies with few syntactic similarities (e.g. Indian 17th century textile
design to aircraft conflict resolution), we selected a source domain, railway scheduling, which
shared more surface similarities with the DMAN domain.

Participants worked in 4 groups of 4 to illuminate the analogical ideas. To aid them, the
facilitators presented a simple example of analogical creativity between the two rental domains
– from a video rental store to improve services offered by an academic library. The example
identified how to detect and record analogical mappings between domains, then how  to use
each mapping in turn to transfer knowledge from the source domain to generate new ideas in
the target domain.

6.1.2. Combinatorial Creativity

Combinational creativity is, in simple terms, the creation of new ideas from combination and
synthesis of existing ideas. As Boden (1990) describes, models of creativity fall into two broad
categories, because creativity itself is of two types. The first type is combinatorial creativity,
where the creative act is an unusual combination of existing concepts. Examples of
combinatorial creativity are poetic imagery, free association (e.g. viewing the sun as a lamp),
metaphor and analogy. Combinatorial creativity is characterised by the improbability of the
combination, or in other words, the surprise encountered when such an unusual combination is
presented. Association is an important mechanism for combinatorial creativity. It is the
recognition of similar patterns in different domains, sometimes in the presence of noise or
uncertainty. The association may be retained and reinforced either by repetition or by
systematic comparison of the internal structures of the two concepts. Koestler (1964) describes
association as the "biosociative act that connects previously unconnected matrices of
experience".

Combinatorial creativity by association was applied during the workshop to create new ideas
based on the ideas generated in earlier periods. Participants were familiarised with the
combinatorial creativity process using an example from an earlier RESCUE workshop, in which
the organisers invited a fusion chef to talk about combining unusual ingredients, and to
demonstrate fusion cooking. In the DMAN workshop the participants worked in 4 groups of 4 to
generate new DMAN ideas.

Storyboarding was another technique that is often used to elaborate and combine creative ideas
without constraining the creative process. Participants again worked in 4 groups of 4
participants. Each group was asked to produce a storyboard that described the possible
combination of requirements and ideas associated with one use case according to the relevant
1m2 board. The storyboard elaborated the use case description by combining ideas together in
the storyboard. To structure the storyboarding process, each group was given A1-size pieces of
paper that were annotated with 16 boxes to contain a graphical depiction of each scene of the
storyboard and lines upon which to describe that scene.

6.1.3. Transformational Creativity
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During transformational creativity people change the solution space in a way that things that
were considered impossible are now possible (Boden 1990), for example by challenging pre-
conceived constraints and exploring new solutions to existing problems. We encouraged
transformational creativity by introducing knowledge about possible solutions in the DMAN
solution space in the form of candidate visualizations for presenting information to air traffic
controllers. The knowledge was delivered to the workshop participants via an expert
presentation on information visualization and access to copies of the expert’s book on the same
subject. Participants then worked in 4 groups of 4 with information about possible information
visualizations to explore new solutions to DMAN, and sometimes changing the possible
solution space along the way. Ideas resulting from the illumination activity were verified when
each group reported back its visualization and related ideas to other workshop participants.

6.1.4. Incubation with Expert Presentations

Creative thinking requires knowledge from other sources to be successful. Creative thinkers
search for new ideas by manipulating knowledge to see different problems, opportunities and
solutions. Therefore we used short expert presentations to communicate the relevant domain
knowledge to participants and encourage incubation of ideas whilst the participants listened.
Three of the 4 workshop periods included one such presentation. In the first period, an invited
expert on scheduling algorithms with experience in the railway timetabling domain gave a 40-
minute presentation. In the second period, another invited expert gave a 30-minute presentation
on information visualization techniques. In the third period, one of the facilitators with
professional cooking experience gave a 30-minute presentation on fusion cooking that led on to
a facilitated activity to explore how to combine DMAN ideas and requirements.

6.2. WORKSHOP RESULTS

The main workshop outcomes are summarized in table 6-2. Participants used white idea cards
to record new ideas not arising from specific creative activities and place them on the relevant
ideas board. Forty-eight such ideas were recorded, 8 of which were specific to one of the DMAN
use cases. During exploratory creativity, analogical reasoning with the railway scheduling
domain led to a further 12 new ideas, in part because each working group was instructed to
generate and record on yellow idea cards a maximum of 3 ideas each. During the first period of
combinatorial creativity using the fusion cooking analogy, only 4 new ideas were recorded on
the green idea cards, however one of the working groups combined all of the ideas generated
until that point to produce 2 systems architecture models for DMAN. During the second period,
the 4 working groups produced 5 DMAN storyboards for 4 of the most important DMAN use
cases. During transformational creativity, 4 working groups produced 7 distinct DMAN
visualizations specific to one or more DMAN use cases. Finally, participants changed the
context and use case models and some of the use case précis in light of facilitated discussions
and working group results. If agreed by most participants, these changes were recorded on the
displayed models, then the models were updated and re-displayed by the workshop scribe
between workshop periods.

Deliverable type Number system-wide Number use case-specific

General new ideas 40 8
Ideas from analogical
reasoning

12 0

Ideas from combinatorial
creativity with fusion cooking
analogy

6 0

Ideas from DMAN
visualisations

0 7

Ideas from DMAN storyboards 0 5
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Table 6-2: Summary of basic findings from the workshop

This section describes these results in more detail.

6.2.1. New Requirements and Other Ideas

Most ideas were recorded on RESCUE A6 idea cards that captured the idea description,
rationale and source. A pattern emerged. Earlier ideas from round-table brainstorming at the
beginning of the workshop were often non-functional requirements that would not need a
creativity workshop to acquire, for example “reduce controller workload and increase overall
capacity”, and “simplify departure planning” from 2 air traffic controllers. In contrast, the
participants considered ideas that were recorded during the second day to be more inventive, for
example “introducing more complicated scheduling capabilities over time” and “disciplining
airlines if information on future aircraft departures is not available”. Furthermore, some of the
ideas were generated in response to work on system boundaries specified in the system model,
for example “A central DMAN is needed for each area/region to handle flow scheduled. Needs a
tactical flow manager role for the area, and an airport constraint manager role for the airport”.
The workshop scribe physically completed most of the white idea cards on behalf of participants
in response to verbal comments, although some participants did write their own cards during
other activities such as expert presentations.

6.2.2. Analogical Reasoning with Railway Scheduling

After idea incubation during the expert presentation on railway scheduling, idea illumination
activities were two-fold. Firstly, the facilitators led the participants to generate the analogical
mappings between actors, objects, actions, goals and constraints in the railway and DMAN
scheduling domains. Some are listed in table 6-3.

Railway Domain DMAN Domain

Ready to leave Ready to go/take-off
Planned schedule Planned schedule
Knock-on effects Knock-on effects
Types of trains Types of aircraft
Driver rules Pilot rules
Timetable versus flexibility Timetable versus flexibility
Ultimate capacity Ultimate capacity
Safety-critical Safety-critical

Table 6-3: Analogical mappings generated by participants between the railway and DMAN
scheduling domains

Secondly, the facilitators divided the participants into 4 groups of 4 to generate new DMAN
ideas using these analogical mappings. Each group worked for 40 minutes to illuminate 3 ideas
each and document them using the yellow analogical idea cards. Ideas included:

• Giving pilots and airlines incentives to provide accurate information to DMAN – airlines win if
they co-operate with DMAN, but lose if they do not;

• Schedules are built on well-established knowledge including distances, speeds, airways,
taxi routes and turnaround times;

• DMAN can swap flights with the Central Flow Management Unit (CFMU) slots regulated for
the same sector, or departure times of aircraft belonging to the same company.
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From a simple qualitative analysis, the ideas generated from the analogical mappings tended
both to be more comprehensive and applicable to the DMAN system as a whole rather than
specific components or elements of the system.

6.2.3. Combinatorial Creativity with Fusion Cooking

Idea incubation was encouraged during the 30-minute verbal and PowerPoint presentation on
fusion cooking. Again, illumination activities were two-fold. Firstly, the facilitators worked with all
participants to establish the following 11 DMAN domain rules to use to combine existing ideas:
main versus supplementary ingredients; adaptability in the control tower (supplementary gives
choices); not to do with safety-critical; scheduling and reliable information; maintain and
enhance service; airline company co-operation; communication tool between actors rather than
a control tool; reducing knock-on effects; keep the airlines happy; keep the controllers happy;
and maintain workload and increase capacity for all.

Secondly, the facilitators again divided the participants into 4 groups of 4 and instructed them to
combine existing DMAN ideas and document them using the green combinatorial idea cards.
Participants were encouraged to walk around and browse the current ideas on the idea boards
for the system and use cases, thus exploiting the physical workshop structure. Only 4 green
cards were completed. However, one of the groups combined ideas into a comprehensive
DMAN system architecture shown schematically (from the workshop report) in figure 6-2. The
graphic shows a time line from left to right (from start-up engines to airborne and en-route fix),
the system components and actors that control and manage the departure of an aircraft and
which of these components and actors are connected.

Figure 6-2: The DMAN system architecture generated during illumination in the combinatorial
creativity period.

Whilst each group was given 10 minutes to report back and verify the ideas, presentation of the
DMAN system architecture lasted almost 75 minutes due to the complexity of the architecture
and number of questions and other issues raised by the participants. Because of the emerging
importance of the model, the facilitators postponed the lunch break for 50 minutes to allow the
workshop participants to reach consensus on the model. They tested the emerging consensus
by actively seeking participant disagreements with its content, but most participants only raised
questions to seek clarification of the model. This system model became the agreed basis for
development of the storyboards in the afternoon session.

DMAN
PLANNING
SUP P ORT

Tow er
Mgr

Airli nes AMA NSM A N

CFMU

ATC T o w er

TC  / A C  C o ntrol

Ta ctic al
FM

DMAN Seq.
Suppor t

A-SMGCSEnv.
Da t a

Time lin e
Ai rborneHold ing Poi ntTaxiPu sh BackSt art  Up

Pl an Seq.

En -Rou te Fi x

CDM



Page 125 of 238

6.2.4. Combinatorial Creativity with Storyboarding

The facilitators again divided participants into 4 groups of 4 to construct storyboards for 6 DMAN
use cases from the 18 available voted for by participants. Idea incubation was encouraged by
asking each group to review the use case précis, ideas and visualizations, as well as relevant
system-wide ideas, then prototype a simple storyboard before developing the full storyboard.
Over 90 minutes, three of the 4 groups produced a storyboard for one use case whilst the fourth
group generated storyboards for 2 use cases. Figure 6-3 shows the final storyboard for use
case UC17 – tactical flow manager notifies DMAN of new or amended flow constraints. The
storyboard combines the use case action sequence in the précis with communication with
external actors (panel number 4), DMAN information visualizations (6 & 8) and controller
actions, both cognitive (3) and physical (7).

Figure 6-3: The storyboard developed for use case UC17 - tactical flow manager notifies DMAN
of new or amended flow constraints

The combined ideas were verified by reporting each storyboard back to the other workshop
participants.

6.2.5. Transformational Creativity with Information
Visualization

Idea incubation was encouraged during the presentation and distribution of the expert’s book on
information visualization. Illumination was encouraged by again dividing participants into 4
groups of 4 and asking each group to produce candidate DMAN information visualizations on A1
sheets of paper for use cases again selected by the participants. The 4 groups produced 7
different visualizations. Figure 6-4 shows one of the visualizations produced for use case UC14
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– DMAN schedules a switch of runway configuration or switching. The visualization includes the
physical runway layout, timelines of departing and arriving aircraft, and stickers made available
from the expert to indicate the use of different predefined visualization techniques. These
techniques include birds-eyes views over all displayed information (in the bottom-left of the
visualization) and carousel techniques for rapid information searching (middle-right).

Figure 6-4: The visualization produced for use case UC14 – DMAN schedules a switch of
runway configuration or switching

6.2.6. Revised System and Use Case Models

During the workshop the system context and use case models and use case précis on the idea
boards were changed to reflect agreed changes about DMAN’s scope and functionality. Eight
changes were made to the context model, including the addition of 5 new actors (airport
constraint manager, tactical flow manager, AMAN arrival airport, aircraft and passenger), one
actor deleted (TC traffic manager), and changes to two actors with respect the DMAN system
boundaries (A-SMGCS/ground radar, and airline operations). Similar numbers and types of
changes were made to the use case model and précis.

Furthermore, the use of the physical ideas boards generated more structured outputs that align
with use case descriptions developed later in the RESCUE process. This is best demonstrated
in the example of use case UC4 –DMAN gives start-up clearance to aircraft. The original input
to the workshop was a simple sentence reported above. Figure 6-5 describes the state of the
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use case after the workshop, including a revised précis, related new ideas, a storyboard and a
visualization all placed on the ideas board for UC4.
These outputs provided direct inputs into RESCUE stage 2 processes. The engineer charged
with development of detailed use case descriptions was able to use them to determine
allocation of work to different actors, action ordering, and the nature of interaction between
systems and people. Use case actors and their associations were used by a second engineer
who produced the i* Strategic Dependency model representing important actor dependencies.
As reported earlier, some ideas generated during the original round-robin brainstorm were non-
functional requirements on DMAN – these ideas were identified as candidate requirements by
the DMAN Quality Gatekeeper to be modelled using the VOLERE shell and linked to use cases
using the RESCUE meta-model.

Name UC4: DMAN gives Start Up Clearance to Aircraft

Précis If PDCS exists automatic start-up clearance given
If no PDCS is available then Clearance Delivery CONTROLLER checks planned start-up time
from DMAN (DMAN only shows list of aircraft that can start) and delivers clearance if
appropriate.

Actor who
initiates

Clearance Delivery CONTROLLER

Pre-
conditions

Flight is in DMAN plan

Post-
conditions

Start-up clearances are delivered according to DMAN schedule

Actor who
benefits

Clearance Delivery CONTROLLER
Ground CONTROLLER
Runway CONTROLLER
Pilot (reduced fuel burn)

Idea Cards W28: Different visualisations for different position / role in tower
W30: Provide airport schedule to en-route controller over each exit point. Rate can be set
W31: Information from boarding card system - i.e. last passenger boarding aircraft, sent to

DMAN. Airline knows time until ready form that point. Incentives for airline - if give
accurate ready information will meet slot / schedule

W32: Use of Mode-S to pass delivery via datalink to cockpit
Y7: Potential negative effects of key performance indicators
Y8: Punctuality: Scheduled flights, For passengers

Visualisation

Storyboard
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Figure 6-5: The description of use case UC4 at the end of the workshop
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7. USE CASE MODELLING

Traditionally, requirements engineering was considered as one step in the software project.
Requirements work was devoted to languages and models to express requirements. RE is now
known as a cooperative and iterative learning process. As an iterative learning process, RE
relates closely to elicitation, validation, tracing, revision, specification and reuse. As a
cooperative learning process, requirements elicitation involves multiple stakeholders who have
to communicate and understand each other : users, customers, domain experts, project
managers, designers of previous system releases, etc. Many of these stakeholders have no RE
skills. Specification languages and models are not part of their vocabulary. The ‘gap’ between
users (who have needs but are unaware of how to specify them as requirements) and
requirements engineers (who know how to specify requirements, but do not know the needs) is
treated by requirements engineering through techniques oriented towards users.

The scenario-based approach to requirements engineering described in this chapter and in
chapter 8 belongs to this family of user-oriented requirements engineering techniques. It makes
the assumption that a mutual understanding between users and requirements engineers may be
grounded on scenarios. Scenarios are used as a communication medium helping requirement
engineers to better understand the usage requirements and allowing users to express their
requirements in a more natural way.

The purposes of this chapter are three-fold:

• To provide the reader with a general background on use case and scenario usage in
requirements engineering;

• To document RESCUE process elements such as method, technique and tools for use
case authoring;

• To enable the Eurocontrol requirements team to address issues such as: the amount of
time taken to author use case descriptions, the establishment of committed groups of
stakeholders, and the management of stakeholders from different control centres, regions
and countries with different requirements.

The chapter is structured as follows. Section 7.1 provides definitions of scenarios from the
literature, and section 7.2 presents the results of a survey of the most common scenario related
issues identified in the Software and Information System industry. Section 7.3 presents further
definitions, including a clarification of the relationship between use cases and scenarios in the
RESCUE process. Section 7.4 presents an overview of the process of use case modelling, and
sections 7.5 and 7.6 provide more detailed process guidance on developing a use case model
and authoring use case descriptions. Section 7.7 describes a dedicated use case language.
Section 7.8 gives some advice on discovering new use cases, and section 7.9 concludes.

7.1. SCENARIO DEFINITIONS

Scenarios have been created to support mutual learning and promote creativity, as for example
in SystemCreativity by Intel, or in Scenario Engineering by Xerox Parc. Since then, scenarios
have come in a variety of forms and shapes. Mock-ups, use cases, interaction diagrams,
activity diagrams, scenes, storyboards, prototypes: all these concepts belong to the scenario
family.

This section provides the reader with a clearer vision of what scenarios are and a better
understanding of what use cases and scenarios should be in the context of the RESCUE
process. This review of scenario-based approaches is based on the analysis of over 40 different
research approaches surveyed in detail in Rolland (1998). This survey exhibits a great diversity
of scenario-related methods, models and notations. Indeed, scenarios support the capture of
examples, scenes, narrative descriptions of contexts, cases of system use and illustrations of
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actor behaviours. Moreover, they allow to elicit requirements in envisioned situations, to help in
the discovery of exceptional cases, to derive conceptual object-oriented models, to understand
needs through scenario prototyping and animation, to reason about design decisions, to create
a context for design and so on.

The underlying reason for the popularity of scenario-based approaches seems to be that people
react to descriptions of real stories and real things. However, there is a large diversity in the
approaches and definitions. Therefore, it is difficult to precisely define what a scenario is. In
general terms, a scenario can be defined as “ a sequence of actions or events for a specific
case of some generic task that a system is meant to accomplish ”. It consists of a behaviour
and a context describing the actors, objects, and environmental setting of the system under
development. However, to be more precise, one has to look at the different purposes for which
scenarios were developed, their different contents, the different levels of abstractions that they
can tackle, and the different notations one can use to express them (see figure 7-1).

ScenarioPurpose

Content

Form

Life cycle

has
for under

has

What is the knowledge
expressed in a scenario?

What form of scenario?

Why use
a scenario approach?

How to manipulate a scenario?

Figure 7-1 Scenario framework

7.1.1. Purpose

In so far as their purpose is concerned, scenarios can be descriptive, explanatory or exploratory.
Descriptive scenarios capture requirements by enabling the analyst and users to walk through a
process and understand its operations, actors, the events triggering the process etc. Thus,
descriptive scenarios aid in the clarification of how a process performs, who are the parties
involved and how the process is activated as well as the conditions under which it is activated.
Explanatory scenarios raise issues and provide rationale for these issues. They identify why
something happens in the real world, what leads to it, what are its causes, what are commonly
occurring events which require handling etc. Through this the attempt of explanatory scenarios
is to describe the desirable features of the system to be developed. Finally, exploratory
scenarios are useful when different possible solutions for satisfying a given required system
exist. These possible solutions are to be examined and evaluated to arrive at the right solution.
Such scenarios establish a direct link between requirements and desired solutions.

The exploratory, descriptive, and explanatory nature of scenarios is illustrated in figure 7-2
where scenarios are positioned with respect to the system, models of the system, and goals
and requirements.
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Figure 7-2 Scenario purposes

7.1.2. Contents

As mentioned above, scenarios may have different contents. This can be behavioural information
identifying the actions, activities, events carried out in the usage world; a description of the
objects of the real world together with their attributes; events and event histories; organisational
information like the structure of the company, the groups, departments and actors found in it, or
even stakeholder information including the characteristics of people, their views and aspirations.
However, scenarios may also concentrate on the required functional features of a system. Three
specific kinds of scenario contents are illustrated in figure 7-3 where A, B and C identify
respectively internal scenarios (with no consideration for what is outside the system),
interaction scenarios (where the interest is centred on the interface between the system and its
users and with other systems), and organisational scenarios (which contain information of B
plus information about the system environment).

System

Other Systems

Actors

External actors

A

B

C

Goals,
resources,
etc

Figure 7-3 Scenario contents
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Scenarios can be expressed at three different levels of abstraction: instance, type and mixed.
In the former case, a scenario uses specific names or events with real argument values. These
scenarios describe particular instances of use, which can form the basis for discussion of what
happens, why and how. Type scenarios do not refer to individual entities but entity types. For
example, they do not refer to "Smith" but to "customers". Each execution of a type scenario is
an instance scenario. Finally, mixed scenarios are those that have some parts at the instance
level and others at the type level. The mixed level of abstraction is useful to keep scenarios
short and precise.

7.1.3. Notation

Finally, scenarios can be expressed using different notations ranging through the informal, and
semi-formal to the formal. Informal scenarios use natural language, videos, story descriptions,
and are valuable in those cases where the user community is unwilling (or unable) to deal with
formal notation. Semi-formal scenarios use a structured notation like tables and scenario
scripts in capturing real activities. Finally formal scenarios are expressed in modelling
languages based on regular grammars or state-charts. They are useful to run as simulations to
present a vision of what the future system will look like and to gauge user reactions to it.

To complement this more classification-oriented scenario framework, the next section presents
the most common issues when dealing with scenarios in a Requirements Engineering Process.

7.2. SURVEY OF SCENARIO PRACTICE IN THE
EUROPEAN INDUSTRY

The survey presented here was undertaken by the CREWS team. It is the result of 15 site visits
to industrial projects in four European countries [Weidenhaupt 98]. Each site visit was
structured as an interview based on a catalogue of questions on scenario characteristics, which
were derived from the aforementioned classification framework.

7.2.1. Findings

Form : the three description media which dominated in the projects are text, graphics and
image. The majority of the projects employed natural language either in prose text or in
structured text following a more or less rigid template or table-structure. To a lesser extent, also
unstructured pictorial representations (images, sketches) and semi-formal diagrammatic
notations (e.g. sequence diagrams) were observed. In addition there is a correlation between the
form and contents. Natural language is predominant for context and interaction scenarios
whereas diagrammatic notations are preferred in scenarios depicting the system internal. The
animated presentation was also used in practice.

Contents : in practice, scenarios seemed to be mainly treated as means to clarify interactions
between the system and its users. Nearly all the projects use scenarios to capture system-user
interactions whereas only one third also considered the system context and/or the system
internal interactions, respectively. Argumentation was not significantly used in scenarios
whereas mixed abstraction seemed to be uniformly used.

Purpose  :  most surprising was the richness of usage observed. Besides the purposes already
identified by the classification framework, the use of scenarios for concretizing abstract models,
for improving agreement and consistency, for reducing complexity, and for complementing
prototypes and glossaries was emphasized.

Life cycle : in all projects examined the fact that scenarios are artifacts which evolve over time
and must therefore be managed accordingly was mentioned. The question, namely ‘are
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scenarios transient or persistent items?’ was really a concern in almost all projects. In addition,
the site visits raised issues like how to impose partial views on scenarios, how to develop and
maintain scenarios in a large-scale distributed setting, how to review scenarios, how to ensure
traceability of scenarios to other software artifacts.

7.2.2. Lessons Learned from the CREWS Surveys

The diversity of scenario form, contents, purpose and life cycle is greater in industry than one
would expect from the UML-incited understanding of scenarios and use cases. It is clear from
the survey that there exists some divergence between method recommendations in the
literature and the practice of scenario based approaches. The analysis of this divergence raises
six key issues surrounding scenario based approaches today:

i.  Methodological guidance : the lack of both formal product models and guidelines to support
the process of developing scenarios was observed in the literature survey and emphasized in
practice. Users request more explicit methodological guidance and more adequate tool
support.

ii.  Managing scenario evolution : the issue is on the one hand, to provide better means to
structure a large collection of scenarios and their relationships with other artifacts, and on
the other hand, to support their changes over time.

iii.  Scenario authoring : as natural language is the most widely used means for expressing
scenarios there is a need to support the writing of textual scenarios in order to overcome the
risks raised by the use of natural language. Style guidelines, templates, natural language
analysis support etc. are possible contributions to solve this issue. The definition of such
writing rules was a high preoccupation of practitioners in the examined projects.

iv.  Clarifying the role of scenarios : there is an explicitly expressed need for clarifying, when,
why, how which type of scenario can be used to support which type of design activity.
Solutions to this issue will be a support for a mix and match approach to producing a
customized scenario based approach for a particular project.

v.  Impact of scenarios on Non-Functional requirements engineering : taking into account non-
functional requirements in requirements engineering is an important issue raised among
others by the CREWS industrial steering committee. It seems that scenarios can contribute
to this issue by providing a concrete way to visualize the impact on non-functional
requirements onto system and organizational context requirements. How they can contribute
to non-functional requirements engineering is a research question.

vi.  Usefulness evidence : although practitioners expressed their interest for continuing using
scenarios in the future, scenarios were also judged dangerous and costly in the context of
large scale projects. Collecting evidences of the usefulness of scenario based approach is a
real issue.

Some of these difficulties are tackled throughout the remainder of this chapter.

7.3. USE CASES AND SCENARIOS IN THE
RESCUE PROCESS

Use cases and scenarios are different concepts, however the difference between them may not
be clear at once: a scenario is not a use case; a use case is a kind of scenario, a use case
can include several scenarios, etc. The confusion between use cases and scenarios comes
from the multiple uses of these terms. We will therefore start by clarifying both.
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The term "scenario" is used in the literature in at least two ways. First, to identify the family of
concepts such as the ones referred to earlier: mock-ups, prototypes, activity diagrams, etc.
Second, the term "scenario" is used to identify the description of a sequence of events or
actions or a complete course of actions undertaken to achieve a high-level requirement or
systems goal. In the remainder, we will use the term scenario according to this second
definition. A scenario in RESCUE is defined as an instance of a use case, expressed as a
sequence of events and their possible alternative courses.

The term "use case" is sometimes employed to identify a set of complementary scenarios, and
sometimes as an equivalent of the term scenario. In the remainder, "use case" will stand for a
description of the way in which an actor uses a system to achieve a goal, and what the system
does for the actor to achieve that goal. A use case thus corresponds to one scenario (the
“normal course” of actions through which the goal is achieved), its alternatives and variations.
An alternative is defined as an exceptional path through the use case not leading to the use
case end state or goal, while variations are defined as different actions in a use case leading to
the same end state of this use case.

Use case diagrams are traditionally used in setting up the system boundaries. Each use case
of a use case model can be related to one or several actors outside the system. In the example
presented in figure 7-4, a use case diagram is defined for a loan system. The purpose of the
system "Establish a contract by prescription on the sales location" is written at the top of the
diagram. The different use cases, such as "Define an offer", "Make a contract with the vendor
workstation" or "Evaluate the risk" are identified and related to the actors which trigger them:
the customer, the salesperson, and the administrator. The example of a use case given in figure
7-4 includes descriptions of the initial situation, the main use case scenario, or normal course,
the resulting situation, and the alternative courses within the use case. As the figure shows, the
main scenario is described in textual form, but could also be described in semi-formal notations
while preserving a similar but less rich content.

Define
anoffer

Evaluate
the risk

Make a
contract with

the vendor
workstation

. . . .

Customer

Salesperson

Administrator

Establish a contract
by prescription on the sales location

r Initial situation :
The customer has bought a car to the dealer and has
defined an offer. The salesperson is identified
r Main scenario :
The salespeson types the customer's name. The
system displays the amount to finance. The
salesperson validates the contribution, the chosen
insurances, and the number of monthly instalments,
then enters the complementary information. If the
risk is accepted, the salesperson can pass the
contract through to administration
r End situation :
The loan is accepted. The salesperson is identified.
r Alternative scenarios :
 Risky customer
Offer to be modified

Make a contract with a vendor workstation

Salesperson System Administrator

Customer name

Amount

Validation
Risk assesment

request

. . .

Risk assesment

Contract

Risk assesment

Display amount

Type customer name

Validate contribution

Assess risk

Pass contract

. . .

UCM UC

MTD AD

Figure 7-4 Examples of use case diagram, use case, sequence diagram and activity diagram
for the loan system
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7.4. USE CASE MODELLING PROCESS
OVERVIEW

Many requirements engineering approaches start off by assuming that use cases are given. The
use case literature is little interested in discovering how these are constructed, what their
structure is, how to ensure their consistency and completeness etc. However these are
important questions because if use cases are not properly constructed, are ambiguous,
incomplete, or inconsistent then the interactions they specify will also inherit these properties
leading to poor requirements. The approach described below aims at addressing the lack of
guidelines to support the process of constructing use case models.

Our approach treats use cases as complex structures comprising
• information about the usage context of the use case,
• the complete graph of possible pathways for normal courses of actions and variations,
• attached requirements and
• open issues.

Use case construction, in our approach, means on the one hand looking at completeness and
consistency issues, and on the other hand looking at readability and communication issues. In
order to support the former the process is driven by systematic rules whereas support for the
latter is through natural language. Because of the nature of the construction process, the
guidance provided is two-fold:

• Linguistic guidance to support the expression of use cases using natural language and,

• Construction guidance to support the consistent integration of use cases and use case
models.

By combining linguistic and construction guidance, the proposed approach aims at:

• Delivering non ambiguous text written in structured natural language which constitutes the
use cases and,

• Supporting its production by a stepwise and guided process which progressively transforms
initial and partial use case descriptions in natural language prose into well structured and
non ambiguous texts.

The choice of the textual form of use case description calls for natural language support and
makes natural language analysis critical. However, the use of natural language in a completely
free mode increases the risks of ambiguity, inconsistency and incompleteness. These risks
make the automatic interpretation of natural language texts complex and difficult to achieve. The
use of templates is another possibility but it can constrain the behavior of the use case author.
Our approach looks for a middle ground between these two and combines the use of narrative
prose to express use cases with structured natural language. In order to handle the linguistic
aspect of the work, the author is guided in two ways. First, the writing of use cases is guided by
style and contents guidelines that help:

• Limiting the size of initial use cases,

• Targeting their contents,

• Providing, if necessary, templates to write sentences,

• Advising the use case author of what is expected at this point in the process.

Second, there are rules for the analysis, clarification and completion of natural language use
case sentences that support the mapping of the initial text onto the structured clauses of the
use case description. This permits us to take advantage of free text expression while limiting
the complexity of their interpretation.
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7.5. CONSTRUCTING A USE CASE MODEL

The purpose of use case models is to provide contextual information about individual use cases.
The role of this contextual information is to situate the actor/system interactions described in
the use cases within the organisational setting and goals.

Any use case involves an initiating actor with an objective to be achieved by using a service to
be delivered by the system. An actor may be either a person or another system. The actor who
initiates the use case may be identified in the use case model. How the actor can interact with
the system to get the service and achieve the objective is described in the use case normal
course and variations. For instance, in the case of using the loan system (see figure 7-4) to
evaluate the risk presented by a proposal, the initiating actor is the administrator.

Other contextual information about a use case may include:

• Secondary actors - the actors with which the primary actor interacts to achieve the
objective;

• A glossary of terms, maintained in relationship with the use cases;

• A set of design alternatives identifying several other design solutions envisioned to fulfil a
high level goal of the organisation.

• Open issues and other system requirements, which arise as the process of specifying the
use case proceeds.

As illustrated in figure 7-5, a set of questions can be raised to initiate the use case model.
These questions, useful when initially trying to discover use cases, guide the search for simple
objectives by explaining the use case contextual information:

• What are the organisational goals the system is to achieve?

• Who are the primary and secondary actors/users of the system?

• What are their domain and business objectives?

• How is the system participating in the achievement of these objectives?

• What are the different ways of achieving these objectives? Are there alternative strategies?
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Figure 7-5 Example of questions raised while initiating the use case model

To identify the use cases in the use case model, one has to keep in mind that the objectives
looked for (identified by question marks in figure 7-5) are those assigned to the system. The
organisation's goal, as well as the domain and business objectives (in the bubbles) are more
than a useful source of inspiration; there is always a business objective to justify the need for a
system's service or function. The other way round, looking for business and domain objectives
rather than for system's services and function will free the stakeholder from the usual narrow
minded view provided by existing systems and increase creativity while modelling use cases.
Besides, one can always think about several designs for a system assisting the actor in the
achievement of an objective. These different ways of using the system can be looked for by
analysing achievement strategies.

The system objectives can be used to name use cases, either according to the systems
functions or according to ‘case of use’  i.e. the services the actor requires from the system. To
produce use case models with a homogeneous presentation and to reduce the risk for
misinterpretation, it is preferable to apply a unified pattern for expressing objectives. As
illustrated in figure 7-6, objectives are composed of a verb together with one or several
complements. This is for example the structure used to state the objective "Make a contract",
in which the contract is a complement. In the remainder, we shall call these complements
"parameters". Each parameter of stated objectives can be itself analysed to make use case
names more precise. In the example, a difference is made between "service contracts" (only
these kinds of contracts can be made by customers on the Internet), and "contract(s)" in the
broad sense (any kind of contract can be made by the salesperson).
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Figure 7-6 Example of initial discovery of use cases

Two ways of working can be used to complete the initial use case model: by proceeding with
the identification of actors and their objectives, or by a systematic analysis of the system
objectives already identified in the use case names.

One systematic way of analysing the structure of objectives is to identify their linguistic
structure. Completing the expression of objectives allows us at the same time to better
understand the nature of the system, to raise potential ambiguities about what the system shall
do, to identify opportunities for extending the system boundaries, to better identify some
system features, and to better define the content of the use cases that shall be authored.

Figure 7-7 defines a basic linguistic structure of objectives. It identifies that any objective can be
expressed as a clause composed of a verb together with one or several parameters such as
targets, directions, means, beneficiary, etc.

Verb Parameter

Goal

1+1+ 1+

Target Beneficiary

Source

Destination

Object

Result

Objective

Direction Means

Manner

Figure 7-7 Linguistic structure used in objectives statements

The parameters used in an objective statement depend on the semantics of the objective's verb
itself. Without entering into details of which type of parameter is adequate for which kind of verb,
one can easily check an objective by parsing the model and raising questions such as: "What
does the goal achievement result in?", "What specific means is employed in the use case to
achieve the objective ?" "Who is benefiting from the objective achievement?", etc.

Comparing the example presented in figure 7-8 with that shown in figure 7-6, one can see that
several objectives have been completed with parameters. For example, the beneficiary
"customer" has been defined in the objective "Define an offer for the customer"; indeed, different
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offers can be made for customers and collaborators of the company. The "Vendor workstation"
has been identified as the means required by salesperson to make contracts. If this means is
not used, the loan process cannot proceed and as such it is prescribed by the use case model.

New objectives are also raised in the example: looking for the manner by which the risk can be
evaluated, it was identified that tools were available to automate this task, but that
administrators are also required (for legal reasons) to have the ability to do it manually at any
time. Two use cases were thus identified, one for each manner to evaluate risk. Although the
result is the same (an assessment of the loan request), the corresponding use cases
significantly differ: On the one hand, an expert system is used, on the other hand, the
administrator makes the analysis and enters the result. This is emphasised in Figure 7-8 with
the two strategies identified in bold in the system's objectives "Evaluate the risk automatically"
and "manually", which call for two complementary services with different designs implementing
different requirements.

Define an
offer for the
customer

Evaluate the risk
Automatically

Make a
contract with
the vendor
workstation

Customer
Salesperson

Administrator

System for : establishing loan contracts
by prescription on the sales location

Make a service
contract byInternet

Evaluate the risk
Manually

Figure 7-8 Improved use case model

Completing the expression of objectives defining the use cases of a use case model helps
better understand the nature of the system. Although the proposed techniques tend to make the
system definition more precise, their purpose is not to restrict the system boundary, but on the
contrary to make them clearer, hence leaving room to innovative ideas to integrate into the
system.

The proposed objective structure can be exploited to generate new objectives in the use case
model. The heuristic for doing this is composed of five steps:

• For each type of parameter, make a list of alternative values that could be envisaged;
• Identify contradictory values;
• Generate combinations by a Cartesian product of the sets of values identified for each type

of parameter;
• Sort the combinations by order of interest;
• Select the objectives to include in the use case model.

For example, starting from "Define an offer for the customer", one can brainstorm a list of other
results than the one identified in the objective, eg : "a loan offer", "a service offer", "a leasing
offer", "a lease credit", "a contract modification offer", etc. Similarly, a set of alternatives can be
defined as purposeful beneficiaries: "private persons", "companies", "renters", "collaborators of
the company". This activity could be achieved through different means: "Internet", "brokers",
"back office", and "telephone".

Contradictory parameter values may often come from the domain, legal issues, or strategies of
the organisation. For example, services being sub-contracted cannot be offered by brokers; it
was strategically chosen to offer "lease credit" to companies whereas private persons are
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offered simple "leases"; collaborators of the company only use the telephone to ask for service
contracts, etc.

Combining the identified parameters generates a number of potential use cases. For instance,
we have here three sets of respectively 5, 4 and 4 parameters, which leads to 80 combinations
from which the ones including contradictory parameters should be withdrawn. Examples of
interesting combinations are:

• Define <a loan modification contract><for a private person><by telephone>, or
• Define <a lease-credit offer><by back office><for a company>.

Once discussed, the objectives can be included in the use case model to complete it, or to
replace the use case names already defined. Objectives of least value can be kept as pending
issues for a future release of the system, or eliminated as being definitely not of interest.

One should check the use case model before entering into time-taking use case authoring
activities. Looking at the use case model, it should be obvious that:

• The use cases reflect the role of the system;
• The use cases reflect the actors point of view and not the one of the system, and;
• The set of use cases is consistent.

Besides, a number of common pitfalls can be avoided by parsing the use case model:

• Inconsistency in the actors names;
• Too many use cases;
• The use cases-actor relationship is too complex;
• It does not look clear what to specify in the use cases;
• Other stakeholders do not understand the use case model;
• The use cases do not finish.

7.6. USE CASE AUTHORING

A very simple way to describe use cases is to apply a template. An example of such a
template is shown in figure 7-9. It identifies the different information attached to a use case such
as an ID, contextual information, descriptions of the normal course and variations, etc.

Name of Use Case

Use Case ID Unique ID for Use Case
Author Name of author
Date Date Use Case was written
Source Source of Use Case
Actors Actors involved in Use Case (from the Use Case Diagram)
Problem
statement
(now)

Description of current problem

Precis Informal scenario description
Functional
Requirement
s

Descriptions of all functional requirements associated with this Use
Case

Non-
functional
Requirement

Descriptions of all non-functional requirements associated with this
Use Case
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s
Added Value Benefit of Use Case above and beyond the original scenario from the

original system
Justification Why is the Use Case needed in the future system?
Triggering
event

Event or events that can trigger the Use Case

Preconditions Necessary conditions for the Use Case to occur
Assumptions Explicit statement of any assumptions made in writing the Use Case
Successful
end states

Successful outcome(s) of the Use Case

Unsuccessful
end states

Unsuccessful outcome(s) of the Use Case

Different
Walkthrough
Contexts

Different situations and contexts in which the use case takes place

Normal
Course

1. Action 1
Descriptions of all requirements associated with Action 1

2. Action 2
 Descriptions of all requirements associated with Action 2

…
…

Variations 1.    If [condition] then [variation statement] (related to Action 1)
…

Figure 7-9 The RESCUE use case template

The role of the contextual information attached to a use case description is to situate the
actor/system interactions described in the use case within the organisational setting and goals.
A use case involves a number of actors including an initiating actor (identified in the use case
model) who has in mind a goal of service delivered by the system. The purpose of the use case
description is to describe how the system interacts with the actors to provide the service of the
use case and achieve the primary actor's goal.

In order to fulfil a goal the initiating actor interacts with other actors that we call secondary
actors; these are the other actors identified in the use case description. An actor may be a
human, a machine, or a composite organisation.

There are some conditions required for the use case interactions to start. Such pre-conditions
usually describe the actors' initial states.

The normal course describes how the primary actor's objective is supposed to be achieved.
Variations can also be defined, to identify other sequences of actions leading to the same
successful end state. These correspond to the different manners of using the system to achieve
the relevant goal.

Other contextual information can be attached to use cases, and is hence associated with or
introduced in the use case template:

• A glossary maintaining the terminological consistency of use cases in the use case model,

• An added value section defining how the system shall be improved with respect to its
current design,

• Assumptions to explain the hypotheses which were taken to write the use case,

• A set of pending issues: to define how the use case description shall be improved,

• Design alternatives and justification to trace the rationale for the description,

• A list of resources mentioned in the use case to help identifying domain and system
objects
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Use cases are most often written in natural language (French, English, etc). The advantage is
that everybody is familiar with the notation, and that there is no need to use a specific modelling
tool. However, one has to keep in mind that it is easier to be ambiguous, poorly structured and
inconsistent when using natural language. Being systematic in writing use cases calls for a
directive reference model, the application of a number of guidelines, and the systematic
checking of what was written. These are respectively presented in the following sub-sections.

7.6.1. The Use Case Reference Model

A use case may be instantiated either as a normal scenario (defining the normal sequence of
actions through which an actor’s objectives are achieved), or an exceptional scenario.
Exceptional scenarios include variations (in which the actor’s objectives are achieved through a
different sequence of actions from that described in the normal course), and alternative courses
(in which the actor’s goals are not achieved).

A core concept is the concept of action: all normal courses and variations are defined in terms
of a collection of actions. Actions may be composed together to make a flow of actions. Atomic
actions define the interactions between actors, and the activities involving single actors. By
contrast a flow of actions is composed of a number of atomic actions connected through
predefined constructors such as sequence, concurrency, iteration and alternative.

Conceptually, an atomic action involves a source actor, a destination actor, and a parameter
object, which can be either a resource or an actor itself. Typical actions are, on the first hand
internal actions, such as "to check", "to localise", "to accelerate", "to validate", "to estimate",
"to avoid", and on the second hand communication actions such as "to transmit", "to annotate",
"to integrate", "to indicate", "to include", "to receive". In internal actions, there is no distinction
to be made between the source and destination; indeed, the action is internally performed by
the initiating actor, and the action result does not move out the actor's boundary. On the
contrary, in communication actions, the source and destinations are typically different, and the
object (whether physical, logical, or informational) makes a movement from the source to the
destination. For example the sentence "The salesman types the customer information into the
system" expresses the communication of data from one actor : "the salesman", to another :
"the system".

The main constructs through which actions are composed into flows of actions are sequence,
concurrency, repetition and constraint. Note that these constructs can be combined as
necessary to create quite complex action structures.

Sequence defines that an atomic action logically occurs after another one. Sequence is
expressed with keywords such as "then", "and", "after that", or by the sequence of clauses
expressing atomic actions. For example, the sentence "The customer indicates his needs to
the system, then the system proposes to the customer a reimbursement schedule" expresses
a logical sequence between two actions: the second one cannot be undertaken before the first
one has been achieved.

Concurrency identifies that there is no logical order between the moment at which two actions
occur; or that they can be considered as occurring in parallel. Concurrency is expressed by
keywords such as "meanwhile", "while", "simultaneously", "conjointly", "concurrently", "in
parallel", etc. For example, the sentence "While the system assesses the risk, the dealer
proposes complementary services to the customer and integrates them into the contract"
identifies that the actions undertaken by the system and by the dealer are performed in parallel;
there is no need for a specific sequence between them.

Repetition identifies that an action can be performed several times. Repetition is expressed by
keywords such as "while", "as long as", "until", or formulae such as "this is repeated such
number of times". For example, the sentence "The administrator sends follow-up letters to the
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customer until he has paid the agreement schedule" expresses that the administrator may
undertake the same action a number of times before the use case proceeds normally.

A Constraint defines a condition at which actions occur. Constraints are expressed by
keywords such as "if", "in case of", "unless", "at the condition that", etc. For example the
sentence "If the customer has selected a complementary service, the system suggests a
discount to the dealer" suggests that the system might have had another behaviour if the
condition had not been met.

The use case authoring activity aims at capturing information about the context of the use case
and at describing its scenarios. The use case authoring activity is an iterative one. It consists
in: capturing the initial use case, checking its completeness and ensuring its completion. The
final use case description should be a complete description of a course of actions expressed
unambiguously.

To achieve this, we propose to support this activity with guidelines. These are presented in the
next section.

7.6.2. Use Case Authoring Guidelines

To simplify use case authoring, we propose to divide use cases into two sections:

- Normal course, describing the normal sequence of actions in the use case;
- Variations to the normal course scenario.

Style and Contents guidelines advise on how to write a use case description (normal course or
variation), and what to put in it. The guidelines are "mandatory" in the sense that they should be
applied to write correct use cases. However, the guidelines are not automated. Therefore, they
may actually be incorrectly applied or not applied at all. The guidelines are pieces of plain text
that can be learned or used after a first draft use case has been defined. It is not recommended
to try to learn the guidelines while writing use cases: then, the quality of use cases is not
significantly improved. There is even experimental evidence that creativity is reduced when
trying to go back and forth between the written use cases and the guidelines. We expect that
the quality of the use cases produced improves when the guidelines are correctly learned and
applied; this calls for a training period before a sufficient level of efficiency in writing use cases
is reached.

Style guidelines (SG) are derived in part from the reference model presented above, and in part
from current best practice in use case authoring, such as Cockburn's [Cockburn95] guidelines
for structuring use cases:

• SG1: write the normal course (or variation) as a list of discrete actions in the form:
<action#> <action description>. Each atomic action description should start on a new line.

• SG2: each action is undertaken by one actor, or agent
• SG3: use the sequential ordering of action descriptions  to indicate strict sequence

between actions. Avoid sentences with more than one clause unless required to express
specific flow of actions.

• SG4: indicate iterations and concurrent flows of actions explicitly; causality does not need
to be expressed within normal course or variation scenarios; goals and objectives are
indicated separately, and all actions of the scenario are consequences of these goals

• SG5: do not use explicit reference to time (such as action duration, time elapsed before an
action follows another, etc). Time constraints can be expressed as requirements attached
to the use case description.

• SG6: use consistent actor, object and action names in all action descriptions.
• SG7: avoid use of synonyms and homonyms, anaphoric references (in particular pronouns

such as he, she, it), and fuzzy terms.
• SG8: use present tense and active voice when describing actions;
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• SG9: avoid the use of negations, adverbs, and modal verbs in the description of an action.
• SG10: avoid explicit reference to the way, means or manner by which actions are realised.

This is to be decided later in the process.
• SG11: make clear all references to other use cases
• SG12: use graphics, storyboards or video clips to help express actions that are difficult to

represent using text alone.

Examples of inadequate styles are numerous with different consequences. An ambiguity such
as "he gives it to him" or a value inversion such as "the dealer does not validate the customer's
data in the system until he/she has signed the contract" might not have an immediate
consequence: the use case reader is close enough to the use case author (in terms of space,
time and domain knowledge) to easily solve ambiguities. However, use case authors have to
keep in mind that in large-size and long term projects readers might uselessly take time to
reach the author or decipher his/her prose.

Other errors such as over specification, as in "the customer indicates the needs to the system
by entering data in the form", or inconsistency as in "the system integrates the preliminary
contract offer to the other customers' contract" are more difficult to identify and may have more
complex consequences. On the one hand, a decision is taken implicitly concerning how a
system's function is achieved: this leads to a hidden requirement which is very difficult to trace
back. On the other hand, an error will inevitably be identified at some moment in the software
process (logically contract offers and contracts are not the same kinds of objects); experience
shows that the later this kind of error is identified, the more expensive it is to correct it (e.g. at
the moment of implementation, one has to create a new non-modelled class to associate sets
of pending contract offers to customers).

Content guidelines (CG) are derived from theoretical research in linguistics, artificial intelligence
and previous applications of Case Grammars to requirements analysis. The CGs aim at
providing recommendation on the expected content of use cases in the form of templates which
can be applied to write the sentences used to define normal courses and variations:

CG1: <actor>....<action>, e.g. the controller makes a decision
CG2: <actor>....<action>....<clause>, e.g. the controller makes a decision to allocate
ambulance to an incident.
CG3: <actor>…<action>…<actor>, e.g. the controller contacts the pilot
CG4: <actor>…<action> …<object>, e.g. the system assesses the risk
CG5: <time or sequence factor>.… <actor> ....<action> .… <clause>, e.g. after appraising all
relevant information, the controller makes a decision to allocate an ambulance to an incident.
CG6: <actor>....<action>.....<noun>.......<state>......<state>, e.g. the controller sends the
incident report from his desk to the collection point
CG7: <actor>… <action> …<object> to <actor>, e.g. the dealer sends the results of his
evaluation to the system;
CG8: <actor> …<action> …<object> from <actor>, e.g. the system receives the files from the
central bank;

Style and content are complementary. A use case can be written in a good style while its
content is incorrect. The other way round, the content of a use case can be correct but its style
inadequate, thus leading to erroneous interpretation. For example, content errors were made in
the following sentences while their style is correct: "The system transmits to the dealer the
evaluation results provided by the administrator " (information is over-integrated), "the system
displays the customer data" (incompleteness leading to ambiguity on the destination of the
action), "the dealer annotates the contracts" (ambiguity on the role of the system). Errors can
be both style and contents errors at the same time, such as in "If the risk is acceptable, then
… else …"; both style and contents guidelines identify that such sentences should be avoided
in use cases and could lead to flaws in the requirements list.

Other typical errors may occur during use case writing. A frequent one is inappropriate action
descriptions, i.e. actions, flows of actions, or entire use case descriptions whose realisation



Page 145 of 238

context is not directly linked to the objective. Together with the confusion between abstraction
level, this error reveals the difficulty of the author to define properly the use case objectives, and
often calls for a complete re-writing of the use cases.

The over-abundance of details, incorrect flows of actions or over-specification of the flows of
actions appear when the author forgets what use cases are for. At the extreme, some use case
normal courses are written like algorithms, which they are not supposed to be.

Five key-points can be kept in mind in order to write quality use cases. Firstly, think about the
system role. Secondly, stick to the actor's objective. Thirdly, try not to overflow the use case
model. Fourthly, simplify the vision as much as possible. Finally, question your knowledge of
the existing system to better develop your vision of the future system.

7.6.3. Checking Use Cases

The purpose of checking use cases is to understand their structure on a surface level as well as
on the deep level of their contents. The surface level deals with terminology, structure, and
grammatical correctness. Checking use cases at the surface level aims at improving their
easiness of reading without changing their content. On the contrary, deep level use case
analysis deals with clause semantics, and text meaning. Correcting deep level errors is what is
done when one looks for ambiguities, incompleteness, mismatch between the use case
contents and the use case’s objective, over-specification, etc.

A number of aspects can be dealt with when correcting use cases. We recommend focusing
on: terminology, flow structure, action structure and content.

7.6.3.1. Terminology

Verify that the terminology is homogeneous and non-ambiguous within the use case. Are there
fuzzy terms? Are there homonyms revealing: confusions between physical and informational
objects, confusions between wholes and parts, or confusions between elements and their
families?

Evaluate the consistency of the terminology employed in a use case with that of the other use
cases, and of the requirements specifications. Are there synonyms? Does every actor or object
name appear several times in the use case?

7.6.3.2. Flow Structure

Decompose flows of actions to check their consistency. If necessary, decompose each
sentence until it specifies at most one atomic action, number and indent atomic actions, and
emphasise flows of actions by separating the keywords identifying them between brackets and
on separate lines. Does each action begin logically after the one by which it is preceded?

Look for constraints in typical exceptions to complete the flow. Are all the blocks of constrained
actions correctly embedded?

7.6.3.3. Action Structure and Contents

Decompose each action by identifying the subject, the verb, and the complements in the
clause. Is the clause main verb simple or is it modified by a modal verb (such as could, should,
would, etc)?

Look for incompleteness (missing elements in the clause). Is there explicitly an actor in the
clause? An object? If the action verb designates a communication, does it identify both a
source and a destination?
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Look for over-specifications: are there duplicate actions? Do some action descriptions include
other actions present in the use case?

Look for ambiguities. Are there for instance collective actions (plural object or actor names)
which would actually correspond to repetitions?

Correcting use cases is a complex activity that requires linguistic skills, and a clear conceptual
vision of the use case reference model, or good domain knowledge depending on the kind of
errors looked for. This activity is time consuming, and should not be done too early in the use
case writing process. However, it is necessary at some moment to raise the quality level of
textual use cases to the one required in a requirement document; it should be at the minimum
conceptually correct. Mapping the textual use case onto the conceptual model, e.g. by drawing
the corresponding sequence diagram can help easily check this.

7.7. A DEDICATED USE CASE LANGUAGE

To enable the requirements team to produce standardised use case descriptions, we have
developed a simple use case language of subjects, objects and verbs for the team to use during
use case authoring. This helps to ensure that descriptions both conform to a domain-specific
glossary and provide more effective inputs into the CREWS-SAVRE scenario generation tool.

The first use case language was developed in conjunction with air traffic controllers who were
part of the CORA-2 project team. It was developed alongside the specialisation of the CREWS-
SAVRE exception classes reported in chapter 8, as the language informs scenario generation
rules for alternative courses based on these domain-specific exception classes. The resulting
language was made available to the CORA-2 team in the graphical form shown in this section.
The language was divided into a simple language for describing use case actions, and a simple
language for describing agents and objects. Each part of the language was expressed using
simple specialisation hierarchies in UML class diagrams. Both parts of the simple language are
described in turn.

Note that for each new project, the language, and corresponding exception classes must be
reviewed and, usually, modified, to reflect the specific characteristics of the relevant domain. For
example, in the DMAN project, both language and exception hierarchies were significantly
updated.
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7.7.1. Use Case Language Actions

Figure 7-10 shows the action specialisation hierarchy for communication-type actions that
involve a human-type agent and a machine-type agent.

Interact with

Change settingsAssumeModify flight data Transfer

ReadInput

ATC setting Aircraft setting

ScanValidateDetectReviewMonitor

Set frequency Set QNH Set transponder

Enter flight data Identify

Figure 7-10 Action specialisation hierarchy for communication-type actions that involve a
human-type agent and a machine-type agent

Figure 7-11 shows the action specialisation hierarchy for cognitive-type actions that involve the
resolution of an aircraft conflict.

Cognitive resolution action

Project air situation Select Form mental picturePrioritise Calculate

Figure 7-11 Action specialisation hierarchy for cognitive-type actions that involve the resolution
of an aircraft conflict
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Figure 7-12 shows the action specialisation hierarchy for cognitive-type actions that involve the
resolution of an aircraft conflict.

Non-resolution cognitive action

Check
estimates

Check LOAsCheck
optimisations

Figure 7-12 Action specialisation hierarchy for cognitive-type actions that do not involve the
resolution of an aircraft conflict

Figure 7-13 shows the action specialisation hierarchy for communication-type actions between
human-type agents.

Agents communicate

Electronic communication Talk Listen Gesture

Instruct Request CoordinateProvide info Respond PointSignal

Change frequency Issue clearance Standby

HeadingClimb Descend

Confirm ApproveAcknowledge Reject

Route

ElectronicSee next page

Read back

Figure 7-13 Action specialisation hierarchy for communication-type actions between human-type
agents
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Figure 7-14 shows the action specialisation hierarchy for communication-type actions where the
communication is supported by electronic means.

Electronic communication

AircraftATCO

TransferCo-ordinate SquawkCorrelate Interrogate

CodeIdentAcceptProposeAcceptPropose Counter
Propose

Reject

Figure 7-14 Action specialisation hierarchy for communication-type actions where the
communication is supported by electronic means

Figure 7-15 shows the action specialisation hierarchy for actions where the action-type is
physical.

Physical action

Aircraft action Human action

DescendClimb TurnSpeed change

SlowFast Standard rate Non-standard rateSlowFast

Press PTT buttonRouting

ViaDirect

Use mouse

Figure 7-15 Action specialisation hierarchy for physical-type actions
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7.7.2. Use Case Language Agents and Objects

Figure 7-16 shows the object specialisation hierarchy for the controller working position object.

Controller Working Position

PVD Screen Mouse Comms panel

RTPhone Headset

Figure 7-16 Object specialisation hierarchy for the controller working position object

Figure 7-17 shows the object specialisation hierarchy for the radar object.

Radar

Mode-SPSR SSR

Short rangeLong range Mono-pulse‘Standard’

Figure 7-17 Object specialisation hierarchy for the radar object
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Figure 7-18 shows the object specialisation hierarchy for the transponder-equipped aircraft
object.

Transponder-equipped
aircraft

Civil Military on a mission

IFRVFR

HelicopterBalloonLight aircraft CargoCivil transportBusiness jetAir transport

High performance ‘Standard’ performance

Figure 7-18 Object specialisation hierarchy for the transponder-equipped aircraft object

Figure 7-19 shows the agent specialisation hierarchy for an agent in the ATM domain.

Agent

ATCO Aircraft

Previous sectorTacticalPlanning Next sector

Figure 7-19 Object specialisation hierarchy for the agent in the ATM domain

7.8. USE CASE DISCOVERY

Discovering new use cases means discovering new services provided by the system. This
activity has already been tackled in the initial part of the use case modelling process, and
guidelines have been provided. For instance, reasoning on actors and their objectives, and
reasoning on the structure of objectives and goals are simple ways of initially doing this.
However, once use cases are written, new material is available to check the use case model for
completeness and identify potential enrichments. The aim of this section is to provide guidance
on use case analysis based use case discovery. The guidance is described in terms of rules
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that result in a set of objectives to evaluate and, if appropriate, integrate as use cases in the
existing use case model.

Three rules are proposed: the consumption/production rule, the initial/final states rule, and the
refinement rule. The former two generate objectives which are complementary to the ones
already identified, whereas the latter generates objectives at a different level of abstraction, i.e.
objectives that could be integrated in a different use case model than the one at hand.

7.8.1. Consumption/Production Rule

This rule focuses on the resources managed by the system in the use case model. Its purpose
is to check that any resource consumed by the system has been produced and vice-versa. This
should in particular be true for physical resources: the system being physically finite, it is not
able to consume a physical resource without re-generating it in some form, and the other way
round. For example, if the system produces a document, it should be filled in with ink, paper,
and in one way or the other with the information printed on the document. When a use case
contains such an action, a question is thus raised about whether or not there is a use case for
system maintenance that describes how these activities are performed with the system.

The rule is more difficult to apply to informational resources: if it is easy to identify the
consumed and produced information, it is often difficult to match them, in particular when the
system implements complex business rules or calculations. However, if a use case contains an
action that consists in the production (or consumption) of a piece of information by the system,
questions should be raised: where does the information come from? Is it acquired in the same
use case? Is there another use case that describes how the information is acquired or
transformed?

7.8.2. Initial/Final States Rule

This rule identifies that a use case might be missing if an existing use case normal course or
variation does not have the same initial and final state. In particular, if the system is not in the
same state at the beginning and at the end of one of the use case scenarios, there should be
another use case that ensures the transition from the final state to the initial state. This holds
too for the states of the other actors: for example, at the beginning of the use case "Make a
contract with the vendor workstation", the system is connected, and the vendor is identified. At
the end of the use case main scenario, the system is still connected, the vendor still identified,
but the customer has now a contract proposal. The system's state has been preserved.
However, the customer is in a different situation at the end of the scenario. A question could
thus be raised about how to bring the customer back to its initial state. The question is relevant
as it identifies that the use case "Cancel a customer's contract" should appear in the use case
model.

7.8.3. Refinement Rule

Contrary to the former two rules, this use case analysis rule does not generate objectives to
insert in the use case model at hand, but to insert as a new use case in another use case
model. This rule is useful when managing hierarchies of use case models at different levels of
detail/abstraction, like business use case model, interaction use case model, architectural use
case model, and so on. The rule states that any internal action performed by the system should
appear as a use case in a use case model at a deeper degree of detail. For example, at the
interaction level, the use case "Make a contract with the vendor workstation" includes an action
"the system checks that the customer is not in litigation". Therefore, the rule suggests that an
internal or physical use case model should include a use case such as "Check customers in
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litigation". A litigation management module might for instance implement this use case in the
system.

7.9. CONCLUSION

Scenarios have become popular as design engines. The purpose of this chapter was to provide
the reader with some knowledge of what use case models, use cases and scenarios are, and
an overview of the use case modelling process. A number of guidelines have been presented to
produce an initial use case model, to guide use case authoring, and to analyse use cases with
the aim of completing the use case model at hand, and other use case models of the hierarchy.

This process can be enriched with other elements from the RESCUE process as a whole. For
example, i* models, and goal models can be used to check that use case models are
consistent with the former system and with the domain constraints. Brainstorming sessions
generate ideas that can easily be integrated into the use case model by rephrasing them under
the form of goals and objectives assigned to the system. Exception classes can be useful to
identify constraints in the use cases and complete the use case descriptions. Using the project
dictionary and domain lexicon will enhance the use case verification process.

Complementary information on the techniques described in this chapter, together with new
examples can be found in papers by the same authors. For supplementary information on use
case modelling, we recommend also to refer to the literature available in specialised books
(Robertson & Robertson 1999, McGraw & Harbison 1997, Jacobson et al. 1992).
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8. SCENARIO WALKTHROUGHS

This chapter describes the scenario walkthrough sub-process, which is carried out in stage 4 of
RESCUE. It builds on the CREWS-SAVRE process, techniques and tools for scenario-driven
requirements engineering. In RESCUE the main purposes of the scenario walkthrough sub-
process are to:

• Discover and acquire new requirements for the future system;
• Validate existing requirements for the future system.

The scenario walkthrough sub-process exploits the CREWS-SAVRE techniques and software
tools to generate and walkthrough the important future system scenarios:

• The requirements team refines and completes the use case descriptions with the support of
domain experts following  the CREWS-ECRITOIRE use case authoring guidelines presented
in chapter 7, then sends the use case descriptions in prioritised order to staff at the Centre
for HCI Design;

• Centre staff use the CREWS-SAVRE software prototype to generate scenarios in the
ScenarioPresenter tool, then return these scenarios to the Eurocontrol requirements team,
normally within 2 or 3 days;

• The Eurocontrol requirements team uses these scenarios in formal scenario walkthrough
sessions with future system stakeholders to discover and acquire new requirements, and
validate existing system requirements. Requirements and requirement changes resulting
from the sessions are formally recorded and traced during each session.

As such, the process is dependent on the use of the CREWS-SAVRE process and software
tool. Furthermore, it relies on inputs from processes described in the previous chapter, and in
particular use case descriptions.

This chapter describes the scenario walkthrough sub-process in more detail. The next section
describes the background research that led to the CREWS-SAVRE solution, and important
details about the CREWS-SAVRE tool and its scenario generation algorithm. Section 8.2
describes the ScenarioPresenter prototype and its features. Section 8.3 describes the scenario
walkthrough process and the structure of the sessions for walking through the scenarios.

8.1. GENERATING SCENARIOS FROM USE
CASES

As stated earlier, the input to the CREWS-SAVRE scenario generation tool is the use case
descriptions defined using the template in chapter 7. Each use case is entered into the
CREWS-SAVRE tool using its Domain Modeller and Use Case Modeller modules (Maiden
1998). To support this process in the CORA-2 project, we first structured the use case
descriptions from the Eurocontrol requirements team into use case specifications as shown in
figure 8-1.

Each specification identified the types of all agents participating in the use case (in the top
section), the normal course action types and agent involvement (shown in the middle section),
and the parameters, relating to exceptions of various kinds, for generating alternative courses for
scenarios (in the bottom section). This structure permits quick and effective use case
specification in the CREWS-SAVRE tool.
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CORA-2 PAC Controller Pilot FDPS
Machine Machine Human Human Machine

ID Action Type Agent-1 Agent-2 CORA verb
1 The Cora 2 system transfers the

resolution trajectory to the PAC
system

Commun CORA-2 PAC

2 The PAC system detects the
resolution trajectory

Compute PAC

3 The PAC system transforms the
resolution trajectory into
clearances to be issued by the
controller

Compute PAC

4 Repeat for all clearances that are
contained in the proposed
resolution

No type

5 The PAC system displays a
reminder some time in advance to
inform the controller that a
clearance must be issued

Commun PAC Controller

6 The controller reads the reminder
from the PAC system

Commun Controller PAC Read

7 The controller instructs the pilot of
the manoeuvre

Commun Controller Pilot Instruct

8 The pilot acknowledges the
clearance to the controller

Commun Pilot Controller Acknowledge

9 The controller confirms through the
PAC reminder that the clearance
has been issues

Commun Controller PAC Confirm

10 The PAC system updates the
FDPS of the issued clearance

Compute PAC Update

11 The FDPS updates the systems
trajectory with the issued clearance

Commun PAC FDPS

12 The PAC reminder disappears
from the sector controller display

Commun PAC Controller

Generic exceptions: GAc1, 2, 3, 4, 5, 6, 9, 10, 11, 12, GAg1, 2, 3, GEv1, 2, 3, 4, 5, 6, 7,
GOb1, 2, 3, 4, P1, P4, P5
Problem exceptions: All PEs except PE1.2.2, PE1.2.3 and PE8
EC exceptions: All EC exceptions

Figure 8-1 Example use case specification from the CORA-2 project

The CREWS-SAVRE tool generates one or more scenarios from a use case specification. The
generation mechanism has two parts:

• Generation of each permissible normal course scenario from actions and action-link rules,
agent-mapping rules and object-mapping rules in the use case specification;

• Generation of alternative courses from classes of exceptions specified in the use case
specification. Each class of exception gives rise to one or more alternative courses that are
presented in the current version of the tool as "what-if" questions.

Each is described in turn.
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8.1.1. The Normal Course Scenario Generation
Algorithm

The algorithm for normal course scenario generation is defined as a simple condition-action rule
which is applied for all possible sequences of events (es) which start or end the actions in the
use case specification:

FORALL (es)
• IF (es consistent-with ad) AND (es consistent-with al) AND (es consistent-with uc)
• THEN (generate-scenario=es)
END

where (al) is all constraints imposed with action-link rules in the use case specification, (uc) is
all constraints imposed with rules specified by the user in the specification, and (ad) is a
constraint which ensures that all actions have a duration. The algorithm uses these three
constraint types to constrain the space of all possible event sequences to determine the space
of permissible event sequences, that is scenarios to generate. Consider a simple use case with
two actions A and B. Event-1 starts action-A, event-2 ends action-A, event-3 starts action-B and
event-4 ends action-B. The algorithm generates an event ending an action for each event that
starts the same action. As a result there are 16 possible event sequences (A – P), as shown in
table 8-1.

A  B   C  D   E  F   G  H   I    J    K  L   M  N   O  P

1 1 1 1 1 1 3 3 4 4 2 2 4 2 3 4

2 2 3 3 4 4 2 2 2 2 1 4 1 3 1 3

3 4 4 2 3 2 1 4 3 1 3 3 3 1 2 2

4 3 2 4 2 3 4 1 1 3 4 1 2 4 4 1

Table 8-1: Possible sequences for events 1, 2, 3 and 4

Each of these 16 possible event sequences might be a scenario, however the 3 constraint types
filter and hence reduce the number of permissible event sequences. Consider each constraint
type in turn.

Action-duration (ad) constraints: all actions have a duration, so the start of an action must
occur before the end of the action. Therefore the constraint applicable to all event sequences
(constraint ad) is:

• (ev(startA) < ev(endA)) AND (ev(startB) < ev(endB))

where ev(startA), ev(endA), ev(startB) and ev(endB) are four events in the same event sequence
which start and end Actions A and B. In the example, event-1 must occur before event-2 and
event-3 must occur before event-4, so the 4 permissible event sequences are A, C, D and O.

Action-link (al) constraints: now assume the use case specification specifies the action-link
rule (A then B), that is a strict sequence between actions A and B. As a consequence the
constraint, al, on permissible event sequences is:

• ev(endA) < ev(startB)
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where ev(endA) and ev(startB) are two events in the same event sequence and A and B are two
actions in the use case specification. In our example event-2 must occur before event-3, so
event sequence A (1,2,3,4) is the only permissible sequence. Now instead, assume the use
case specification specifies the action-link rule (A meanwhile B), a partial sequence between
actions A and B. This time the constraint al is:

• ev(startA)<ev(startB) AND ev(endA)>ev(startB)

This time event-1 must occur before event-3 and event-2 must occur before event-4, as well as
event-1 must occur before event-2 and event-3 must occur before event-4, so event sequence D
(1,3,2,4) is the only permissible event sequence. A third example is a use case which specifies
the rule (A or B), so the constraint al is:

• (ev(startA)) OR (ev(startB))

so event-1 must occur or event-3 must occur. This time the algorithm generates two permissible
event sequences (1,2) and (3,4) which are not in the original space of possible event
sequences. The algorithm handles 'alternative' action-link rules through multiple application of
the ad, al and uc constraints (see below) to multiple possible event sequence spaces. The
algorithm: (i) generates one space of possible event sequences for each alternative or
combination of alternatives; (ii) applies ad, al and uc constraints to all spaces of possible event
sequences to determine permissible event sequences, and; (iii) removes duplicate permissible
event sequences arising from the different spaces. In a fourth example, the use case
specification may include two or more action-link rules between the same two actions, for
instance (A meanwhile B) and (A ends-with B).The constraint (al) is:

• ev(startA)<ev(startB) AND ev(endA)>ev(startB) AND ev(endA)=ev(endB)

This time event-1 must occur before event 3 and event-2 must occur at the same time as event-
4, so event sequence D (1,3,(2&4)) is the only permissible event sequence, where events 2 and
4 are simultaneous events. Although combining action-link rules gives the requirements
engineer greater powers to express use case specifications, inconsistent rule combinations
such as (A then B) and (A or B) are always possible. CREWS-SAVRE does not check for such
inconsistent rule combinations. Rather it is dependent on careful user specification for
successful scenario generation. However, future versions of the CREWS-SAVRE tool will
include a checker to filter out inconsistent use case specifications prior to scenario generation.
Such a checker is a prerequisite to effective industrialisation of the scenario generation
algorithm.

User-rule (uc) constraints: there are two types of constraint that the algorithm imposes to
restrict scenarios that are generated to those of interest to the scenario author. The first leads
the algorithm to generate scenarios that include one or more actions selected beforehand by
the user. For example, the user may specify that a permissible event sequence (es) must
include an event (ev) that starts the action A:

• ev(startA) in es

In the example it is event-1 that starts action A, so the permissible event sequences are still A,
C, D and O. The second constraint type defines a permissible event sequence (es) to include
an event (ev) that starts an action (A) which involves a predefined agent (ag):

• (ev(startA) in es) AND (A involves ag)

These two constraints can be specified as necessary in the use case template and give the
user improved control over scenario generation.
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8.1.2. The Alternative Course Scenario Generation
Algorithm

The purpose of this algorithm is to generate permissible alternative course scenarios from the
use case specification. The tool links alternative courses to each event in the normal course of
a scenario using a simple type model of events, actions and exception classes, see figure 8-2.
The links enable the tool to navigate between event, action and exception class according to
type, in order to generate meaningful alternative courses for an event. Generic and permutation
exception classes have a direct link to each event in the scenario, but links between events and
problem exception classes are more complex. Each event starts or ends an action which
involves agents and can change the state of objects. The CREWS meta-model defines
permissible types for each action (physical, cognitive, communicative), agent (human, machine,
composite) and exception class (human, machine, different types of communication, etc.).
Sixteen heuristics use these types to select alternative courses for each event (ev), action (ac),
agent (ag) and problem exception class (pe) in a scenario, for example:

• IF ((ev1 starts ac1) OR (ev1 ends ac1)) AND ac1(type=cognitive)
THEN (pe(type=human) applies-to ev1).

• IF ((ev1 starts ac1) OR (ev1 ends ac1)) AND ac1(type=communicative)
AND (ac1 involves ag1) AND ag1(type=machine)
AND (ac1 involves ag2) AND ag2(type=machine)
THEN (pe(type=machine-machine-communication) applies-to ev1).

We believe that these 16 heuristics provide an important basis for constraining the generation of
alternative courses for each event, in addition to the user-defined constraints from parameters
set during use case specification. The ScenarioPresenter tool presents 'what-if' alternative
courses and generic requirement statements that are stored in a second but connected
database. These statements include mitigation and defensive mechanisms that handle the
occurrence of one or more exception classes, thus providing more on-line help to the user.
Other types of problem exception class and generic requirement statement are selected and
presented for other events using the same ruleset.

scenario eventhas

action

starts ends

agent

involves

action 
type

agent 
type

isA

isA

exception 
class 
type

exception 
class

generic 
requirement

solution is
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applies to
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type 
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Figure 8-2 event, action, object and exception class types and links modelled in the CREWS-
SAVRE tool

8.1.3. Outcomes from the Scenario Generation Process

CREWS-SAVRE’s scenario generation algorithm produces one or more scenarios for each
selected use case specification. Each scenario comprises a normal course sequence of events
that start and end actions, and zero, one or many alternative courses linked to each normal
course event. Each scenario is maintained in a central scenarios database, then downloaded
into the ScenarioPresenter tool on demand. The next section describes this ScenarioPresenter
tool.
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8.2. SCENARIOS IN CREWS-SAVRE

8.2.1. The ScenarioPresenter Tool

As the name suggests, ScenarioPresenter is an interactive software tool that stores scenarios
and guides scenario walkthroughs. The CORA-2 project used a version of the tool developed in
Microsoft Excel, as described in chapter 2. As part of the ART-SCENE project, we have
recently developed a Web-based version of the ScenarioPresenter tool as shown in figure 8-3.
This version of the tool was used in the DMAN project. Guest access to the ScenarioPresenter
is available from www.soi.city.ac.uk/artscene.

Providing web-enabled scenario walkthrough capabilities offers 3 advantages to stakeholders:

• Stakeholders often work in distributed environments – web-enabled access to a central
server that stores the generated scenarios in a single database can increase
stakeholder access to the scenarios and communication between stakeholders;

• Bringing stakeholders together in the same place at the same time is both difficult and
expensive – web-enabled access offers possibilities for distributed and asynchronous
scenario walkthroughs when linked with video-conferencing facilities;

• Stakeholders can review and even comment on scenarios that have been posted on the
server prior to the face-to-face walkthrough, thus allowing the scenario to be revised
beforehand in order to make best use of the face-to-face walkthrough time.

The ScenarioPresenter now satisfies different sets of requirements that we identified in order to
improve walkthrough capabilities and features:

• Improved features that overcome limitations with the earlier MS-Excel tailored
scenarios. Examples include improved look-and-feel, scrolling to read long alternative
course descriptions, and displaying relevant normal and alternative course information
in the same window (Mavin & Maiden 2003);

• New features that enable stakeholders to view scenarios from different perspectives.
Examples include displaying normal course events that describe the start of actions
only (thus removing analysis of concurrent actions), and viewing new requirements in a
separate list or embedded in the normal course event sequence for the scenario. To
manage these features, each Scenario Presenter user is allocated one of 5 access
levels that correspond to 5 different scenario walkthrough roles – systems
administrator, walkthrough facilitator, requirements engineer, stakeholder, and guest;

• New features that give stakeholders greater ownership and control over the scenarios.
Examples include features to add, edit and delete scenario normal course events,
remove generated alternative courses from view, and incorporate additional alternative
courses not generated by the Scenario Generation component.

The most important window during a walkthrough is the scenario window shown in figure 8-3,
which presents a scenario in 4 parts. The left-side menu provides different functions for viewing
the scenario and the requirements generated for it. The top-line buttons offer walkthrough
functions (e.g. next or previous event) and functions to add, edit or delete events, comments
and requirements. The left-hand main section describes the normal course event sequence for
the scenario. Each event describes the start or end of an action, thus enabling a scenario to
describe concurrent actions in this text-list form. The right-hand main section describes
generated alternative courses for each normal course event, presented in the form of 'what-if'
questions. Different alternative courses are presented for different normal course events.
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Some of the most important features are accessed using the top-line buttons. Each major
feature is available either for the selected event in the normal course (accessible above the
normal course event sequence) or the selected alternative course (accessible above the
alternative course list). The most important features are the add comment [C] and add
requirement [R] features shown in figure 8-4. A user can enter a requirement or comment
associated with any normal or alternative course event at any time during a walkthrough. To add
a requirement, the Scenario Presenter allows the user to specify the type, description, rationale
and source of the requirement. These attributes are a subset of the VOLERE requirements shell
attributes (Robertson & Robertson 1999) that are used to describe requirements in the
RESCUE process. We chose the type, description, rationale and source attributes to be
completed during a walkthrough as each attribute can be specified during a walkthrough
independently of other (unknown) requirements such as conflicts and customisation satisfaction
rating. Likewise, a user can add one or more comments to any event and define its level of
importance and whether it requires a change to the scenario.

Figure 8-3 An example of ART-SCENE’s Web-based ScenarioPresenter tool
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Figure 8-4: Adding requirements and comments in the ScenarioPresenter

The left-side menu provides different functions for viewing the scenario and the requirements
generated for it. The user can view all of the requirements generated using the scenario, all
requirements generated for the selected normal course or requirements generated for a selected
alternative course event in list form. Alternatively the user can view the requirements inserted
into the scenario normal course event sequence underneath the associated event.

All users, from guests to facilitators, are given a unique ID and password that provides them
access to the scenarios made available to them at different access levels by the system
administrator. At any time the user can produce a report in a MS-Word report structure on the
status, requirements and comments for any scenario.

One productivity benefit from CREWS-SAVRE is that it generates each scenario automatically.
The generation algorithm first generates possible different normal course scenarios from the
specification of actions and possible action orderings in the use case. Each different possible
ordering of normal course events is a different scenario. Second, the algorithm generates
different possible alternative courses for each normal course event, according to simple
parameter values defined by the developers for the originating use case. It accesses a database
of classes of exceptional behaviours and states, and applies 17 rules to generate alternative
'what-if' questions for each normal course event.

The database of exceptional behaviours and states is in two parts. The first part contains 35
exception classes derived from the semantics of CREWS-SAVRE scenarios themselves, for
example generic exceptions about events, actions, objects and states. The second part
contains over 50 classes of abnormal behaviour and state linked to CREWS-SAVRE types of
actions, agents, agent-communication and environmental factors. If an action involves a human-
type agent, then alternative courses are generated from classes of human error drawn from
cognitive science and human factors research. If an action involves a machine-type agent, then
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alternative courses are generated from classes of machine failure. If the communication action
involves at least one human-type agent and one machine-type agent, then alternative courses
are generated from interaction failures in human-computer interaction. If the action involves two
machine-type agents, then alternative courses are generated from machine networking failures.
Likewise, if it involves two or more human-type agents, then alternative courses are generated
from models of communication failure. Other classes define exceptions about information-
models and work-domains.

Furthermore, we have specialised the CREWS-SAVRE software tool to include a simple
scenario language and exceptions database that is specific to the air traffic control domain. We
developed the language in conjunction with Eurocontrol’s own air traffic management experts to
ensure its accuracy and usability. The Eurocontrol requirements team can write scenarios using
the reserved language for describing actions, agents and objects described in chapter 7.
Furthermore a set of domain-specific rules as developed in conjunction with the experts then
generates both domain-independent and domain-dependent alternative courses as the basis for
more accurate requirements discovery and acquisition.

8.2.2. Tailoring CREWS-SAVRE to the ATM Domain

One objective for the RESCUE process was to develop an ATM-specific specialisation of the
CREWS-SAVRE abnormal behaviour and state hierarchies. To do this we chose to combine
scenario and laddering knowledge elicitation techniques (Mavin 1999) with the UML class
modelling notation. The results were used to populate the CREWS-SAVRE exceptions
database. To enable scenario generation with these classes of exceptions we also worked with
domain experts to generate rules for retrieving types of abnormal behaviours and states from
this database.

We applied a novel combination of laddering (Maiden & Rugg 1996) and scenario walkthrough
techniques to elicit taxonomies of abnormal ATM behaviours and states from small groups of air
traffic controllers. In just 5 hours of interviews over 138 important new classes were elicited. We
chose to represent the results using UML class diagrams, showing specialisation hierarchies of
exception classes with unique identifiers that are used by the CREWS-SAVRE scenario
generation algorithm. All classes of exception related to system data, with the identifier EC1,
are shown in figure 8-5.
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Incorrect
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Figure 8-5 Specialisation hierarchy of system data exception classes
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All classes of data exception related to non-standard aircraft performance, with the identifier
EC2, are shown in figure 8-6.

Non-standard aircraft
performance

Unexpectedly
high performance

Unexpectedly
low performance

High performance
military aircraft

EC2

EC2.1 EC2.3EC2.2

Figure 8-6 Specialisation hierarchy of non-standard aircraft performance exception classes
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All classes of exception related to controller cognition, with the identifier EC3, are shown in
figure 8-7.
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Figure 8-7 Specialisation hierarchy of controller cognition exception classes

All classes of exception related to human-human communication, with the identifier EC4, are
shown in figure 8-8.
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Figure 8-8 Specialisation hierarchy of human-human communication exception classes
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All classes of exception related to radar, with the identifier EC5, are shown in figure 8-9.
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Figure 8-9 Specialisation hierarchy of radar exception classes

All classes of exception related to human-machine interface presentation, with the identifier
EC6, are shown in figure 8-10.
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Figure 8-10 Specialisation hierarchy of human-machine interface presentation exception
classes
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All classes of exception related to pilot behaviour, with the identifier EC7, are shown in figure 8-
11.
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Figure 8-11 Specialisation hierarchy of pilot behaviour exception classes

All classes of exception related to weather, with the identifier EC8, are shown in figure 8-12.
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Figure 8-12 Specialisation hierarchy of weather exception classes
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All classes of exception related to air space, with the identifier EC9, are shown in figure 8-13.
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Figure 8-13 Specialisation hierarchy of air space exception classes

All classes of exception related to radio, with the identifier EC10, are shown in figure 8-14.
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Figure 8-14 Specialisation hierarchy of radio exception classes
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All classes of exception related to control room environment, with the identifier EC11, are shown
in figure 8-15.
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Figure 8-15 Specialisation hierarchy of control room environment exception classes

All classes of exception related to special cases, with the identifier EC12, are shown in figure 8-
16.

Special case

Hijack EmergencyRadio comm failure

EC12

EC12.3EC12.2EC12.1

Figure 8-16 Specialisation hierarchy of special case exception classes

To enable the CREWS-SAVRE scenario generation algorithm to use these exception classes,
we worked with one domain expert to generate a set of rules used by the scenario generation
algorithm. The final comprehensive ruleset was implemented in the CORA-2 version of the
CREWS-SAVRE software tool. Table 8-1 shows the representation of one rule, Rule R10, in the
CREWS-SAVRE’s tabular format. R10 specifies the exception classes that are used to
generate alternative courses when a START event of a COMMUNICATION-TYPE action involves
the ENTERING OF FLIGHT DATA.
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RuleID EventType ActionType ActionVerb Excep. Triggered
R10 Start Communication enters flight data EC6.11
R10 Start Communication enters flight data EC1.1
R10 Start Communication enters flight data EC1.3
R10 Start Communication enters flight data EC1.4
R10 Start Communication enters flight data EC6.2
R10 Start Communication enters flight data EC6.3
R10 Start Communication enters flight data EC6.5
R10 Start Communication enters flight data EC6.8
R10 Start Communication enters flight data EC6.9
R10 Start Communication enters flight data EC6.10
R10 Start Communication enters flight data EC11.2

Table 8-2 An example rule used for scenario generation

8.3. SCENARIO WALKTHROUGH PROCESS

Since the ScenarioPresenter is now web-based it enables systems engineers to access a
repository of generated scenarios remotely using a web-browser. The ScenarioPresenter then
provides features that are needed to undertake systematic scenario walkthroughs.

To ensure cost-effective stakeholder involvement, we normally schedule a walkthrough to last for
half a day. For most applications, this enables the walkthrough of one scenario and possible
variation scenarios (generated from variations in the original use case). During a walkthrough we
recommend that each stakeholder has access to documents containing the use case
specification, existing stakeholder requirements, and related background documents such as
the Human Activity Models and i* system models.

A scenario walkthrough can be busy, so we recommend that 2 people who fulfil different roles
manage a walkthrough. The first, the facilitator, controls the walkthrough process, and in
particular the communication with and between stakeholders that discover and acquire new
requirements, comments and changes to the scenario. The second person, the scribe, controls
the use of the ScenarioPresenter tool and enters information about the requirements, comments
and changes.

The facilitator guides the walk through of the scenario using a simple two-stage process. In the
first stage, the facilitator leads the walkthrough of the normal course events. In the second
stage, the facilitator leads the walkthrough of the alternative courses for each normal course
event. For each normal and alternative course event, the facilitator asks the stakeholders to
recognise whether:

1. This event might occur;
2. This event is relevant to the future system;
3. Does the future system, as currently specified in the requirement document, handle the

event?

If the answer to the first question is NO, then stakeholders can propose changes to the
scenarios such as edits to the normal course event sequence or removal of candidate
alternative courses.

If the answer to the first question is YES but the answer to the second question is NO, then the
walkthrough discovers events that are outside of the scope of the design of the socio-technical
system and can be marked, using comments, as such.
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If the answer to the first 2 questions is YES but the answer to the third question is NO, then
omissions have been discovered and more new requirements for the socio-technical system can
be specified. Furthermore, if the answer to the third question is also YES, then the scribe can
use the comment feature to link the event to existing requirements via the requirement ID, thus
improving the traceability links between scenario events and system requirements.

The walkthrough room should be structured according to RAD and JAD guidelines.
Stakeholders sit around a U-shaped table with copies of documentation relevant to the scenario
to be walked through. The facilitator stands inside this U-shaped table at the focal point of the
interaction in the walkthrough. The scenario is permanently visible using a LCD projector onto
the screen. The screen is surrounded by prompts that encourage requirements discovery and
creative thinking, and by a simple visual reminder of the process described above. The scribe
sits next to the facilitator and manages information being stored into the ScenarioPresenter
tool.
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9. IMPACT ANALYSIS

Impact analysis is needed to understand how the future system, as specified in the
requirements and high-level design, will impact on the projected stakeholders, and on the wider
environment. The RESCUE process provides simple process guidance for comparing the
proposed future system, as specified in terms of use cases and requirements, with the current
system, as modelled in the human activity model, in order to explore and analyse the impact of
the future system. This impact analysis enables the requirements team to consider the
proposed future system in the context of the wider socio-technical environment that is a factor
in determining the success of the system.

The method involves both the future system stakeholders and the use case authors. Both will
evaluate the impact of individual use cases on the different types of stakeholders concerned,
and on the wider environment. The stakeholders will thus be involved in assessing the validity of
the use cases and hence the validity of the envisaged system.

Impact analysis will be carried out in one or more ‘impact inspection’ meetings. Each impact
inspection meeting will involve stakeholders in walking through one or more use case
descriptions. The aim of the walkthrough is to detect possible problems that could occur with
the future system if it is implemented as specified in the use case and requirement
specifications. Note that a decision may be made to focus on key use cases at this stage,
rather than attempting to review all use cases to an equivalent level of detail. For example, full
impact inspection meetings may only be held for a small proportion of the use cases, with the
rest being reviewed internally by the requirements team and a small number of key
stakeholders.

Impact inspection meetings will share some similarities with scenario walkthroughs, in that
participants will be asked to prepare for the meeting in advance, by reading the relevant
documentation, and preparing their answers to questions about the future system as outlined
below. The following paragraphs describe the process of preparing for an impact inspection and
running an inspection meeting in a little more detail.

9.1. IDENTIFYING ADDITIONAL
STAKEHOLDERS

The first step in carrying out impact analysis is to identify the stakeholders that may need to be
involved. A distinction should be made at this stage between those stakeholders involved in
using the system in some way (who should have been modelled as actors in the context
diagram), and those who are involved in supporting the system in some way (see section 5.1).
This latter category of stakeholders may also be affected by the introduction of the system, and
may, therefore, need to be involved in impact analysis.

Stakeholders from the first category, who may need to be involved in an impact inspection
meeting to consider a particular use case, should be identified by considering the list of actors
given in the relevant use case description. For the purposes of the inspection, these
stakeholders may be asked to imagine themselves in the role of one of the actors in the use
case, and imagine that they are trying to carry out the actions and use the proposed future
system as described in the use case. Note that stakeholders must have sufficient domain
knowledge to make this feasible. This is in line with work by Travassos et al (2002), which has
suggested that ‘reading techniques’ such as these can help a reviewer to analyse and identify
defects in some software artefacts.

In addition, other stakeholders may be identified as follows:
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• Consider those who are proposing the system;
• Consider those who are funding the introduction of the system;
• Consider those who will be responsible for developing and introducing the system;
• Consider those who will be involved in ensuring the system runs smoothly;
• Consider those who will be involved in maintaining the system;
• Consider those who will be analysing the success of the system;
• Consider the environment in which the use case takes place, and whether the use case

described may have any impact on those in the surrounding environment.

In this way, it is possible to construct a matrix identifying which stakeholders should be involved
in impact inspections for which use cases.

9.2. IDENTIFYING RELEVANT HUMAN ACTIVITY
DESCRIPTIONS

For each use case in the proposed future system, there are likely to be one or more human
activity descriptions which describe the way in which relevant work is done in the current
system. Although some aspects of the future system may enhance current capabilities, and
therefore not have a direct equivalent in the current system, much of it will provide new ways of
doing essentially the same work as is done in the current system.

As stated above, the aim of the impact inspection is to compare the proposed future system, as
specified in terms of use cases and requirements, with the current system, as modelled in the
human activity model, in order to explore and analyse the impact of the future system. It is
therefore important that stakeholders prepare for the inspection by reviewing human activity
descriptions relevant to the use case(s) to be considered.

Once again, the inspection facilitator may draw up a matrix identifying which human activity
descriptions are relevant to which use cases. This can be used to direct stakeholders’ reading
in advance of the inspection meeting.

9.3. IDENTIFYING QUESTIONS TO ASK

For each use case, it is important to identify which questions should be asked to the different
stakeholders to determine the different impacts that a scenario has on the different
stakeholders. The list of questions suggested below have been identified with reference to
chapter 4 of this document, as well as Heath et al (1993), Hughes et al (1997) and Viller and
Sommerville (1999).

First of all, consider the questions to ask stakeholders involved in using the system. Looking at
the current way that tasks are undertaken (as defined in the human activity model) the impact of
the proposed new system may be evaluated in terms of, for example:

Goals and functions

• Will it still be possible, in the new system, to achieve all the (desired) goals, including non-
prescribed goals, identified in the current system?

Constraints
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• Will there be any change to the constraints under which the new system will operate
(arising, for example, from new non-functional requirements), as compared with those on
the current system?

Physical environment

• Will there be any changes to the physical environment in terms of space, noise, light, heat?
• Will there be any changes to the physical layout of the environment, including location of

equipment?

Resources

• Will resources identified in the human activity model still be available in the future system
where necessary?

• Will inputs from other systems be in an appropriate form for use in the new system?
• Will any significant physical cues be lost (eg regarding the location of planes, or the

workload of other controllers)?
• Will any local knowledge (eg concerning specific features of particular airports) be lost as a

result of introducing the new system?
• Will controllers still have access to more basic information, as well as that which has been

processed by the new system?

Social environment

• Will any forms of communication or information sharing (especially non-verbal
communication, over-hearing, looking over someone’s shoulder) be lost?

• Will it still be possible for members of the team to co-operate in the same way?
• Will there be any loss of privacy?

Tasks

• Will the proposed new system be at least as easy to use as the current system?
• Will the new system place any unreasonable loads on its users?
• Will the tasks undertaken with the new system be quicker or slower than with the present

system?
• Will there be any fundamental changes in the controller’s task structure (eg serial to

parallel)?
• Will there be any impact on controller flexibility?

Skills, roles and responsibilities

• Will any skills (which may be needed in other aspects of a controller’s work) be weakened
or lost?

• The computer literacy and other competencies of the staff –will training be required and if so
what kind of training and for how long?

• The impact on stakeholders’ roles and responsibilities – the system may mean that
changes will result to stakeholders’ roles that, in turn, affect their responsibilities.

• The wider impact on the stakeholder needs – will the planned change bring job satisfaction
and security?

These questions are broad but provide a baseline that can be tailored for use in different
contexts.

Secondly, identify questions to ask to stakeholders who will be supporting the system or will be
affected indirectly by the introduction of the system. One may consider, for example:

• The benefits that the new system may bring, in terms of:
- the efficiency of new system;
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- improved service;

• Whether outputs from the new system will be in a form appropriate for use by other
systems;

• Changes in organisational structure that may result in:
- possible job redundancies;
- new responsibilities that may be created with the introduction of the system;

• Financial issues that arise from the introduction of the new system:
- costs associated with the introduction of the system;
- on-going maintenance costs to keep the system running efficiently;

• Changes that may need to be made to the system once it is introduced:
- the amount of maintenance that will be required in the system;
- how easy will it be to make changes?
- what effect will the changes have on stakeholders?

Note that these questions would not necessarily be asked of each event in the use case
because they are more general and would be related to the overall system.

Using the list of stakeholders who will be participating in a particular inspection, together with
this list of questions, the inspection facilitator can construct a matrix of questions against
stakeholders, which will ensure good coverage of all possible areas of impact, without
overloading any individual stakeholder. Note that stakeholders should be notified in advance of
an inspection meeting which questions they will be asked to focus on.

9.4. CONDUCTING AN IMPACT INSPECTION

In preparation for the meeting, stakeholders should already have received:

• a copy of the use case to be discussed, with requirements interleaved, as defined in
RequisitePro

• instructions as to which role he/she is to play in reviewing the use case (see section 9.1)
• a copy of all relevant human activity descriptions (see section 9.2)
• a list of the questions which he/she is to consider (see section 9.3)

All this documentation should also be made available to the stakeholders during the inspection.

The environment for an impact inspection meeting should be similar to that used for scenario
walkthroughs. The inspection room should be structured according to RAD and JAD guidelines,
with stakeholders sitting round a U-shaped table, and the facilitator standing inside the U-shape
at the focal point of interaction. RequisitePro should be permanently visible using an LCD
projector onto the screen. Visual images of the environment in which the use case will take
place may be pinned up at the front of the room, to help stakeholders to focus on the possible
impacts of the future system on its environment.

We envisage that, as with scenario walkthroughs, an impact inspection meeting would normally
last for about half a day, to enable inspection of one key use case, and possible variations if
time permits.

As with scenario walkthroughs, we recommend that two people should manage the inspection
meeting. The first, the facilitator, should control the inspection process, and facilitate discussion
between stakeholders regarding the possible positive or negative impacts of the future system.
The second person, the scribe, should record the results of the discussion on an ongoing basis
in RequisitePro. This may be done using the ‘Discussion’ feature in the tool, which allows free
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text comments to be associated with any use case action or requirement in such a way that
points raised during the inspection meeting can be further discussed, and resolved at a later
date.
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10.  REQUIREMENTS MANAGEMENT

One of the most important characteristics of a good requirements specification is that the
specified requirements are measurable and hence testable. You need to be able to use the
specified requirements to inform acceptance testing in order to determine whether a resulting
simulation, prototype, package or system conforms to all of the requirements. This is more
easily said than done. This chapter specifies the basic attributes of a measurable requirement
and the techniques that deliver these requirements. However, writing measurable requirements
is a skill to be developed, people have to practice writing measurable requirements in order to
be good at it.

A particular problem is ambiguity. The RESCUE process provides a number of mechanisms for
reducing the likelihood of ambiguous requirements reaching the requirements specification. For
example, the linking of requirements to use cases helps set requirements in context, and thus
reduces the scope for mis-interpretation; the emphasis on identification of measurable fit criteria
for all requirements helps to ensure that all requirements are testable, and therefore non-
ambiguous; and the use of a quality gatekeeper means that ambiguous requirements should not
be allowed to enter the specification, but should be sent for refinement to the requirements
team. An additional check, aimed at reducing the likelihood of ambiguous requirements relates
simply to the wording of requirements. All of these points are covered in more detail in the rest
of this chapter.

This chapter is in 5 main sections. The next section defines a requirement in more detail. We
then describe the VOLERE shell, the device that we use in the RESCUE process to describe
and structure individual requirements. Section 10.3 describes and demonstrates measurable fit
criteria for the different requirement types to be used in the RESCUE process in more detail.
Section 10.4 presents different structures that exist to connect requirements together in a
requirements specification. We look, in particular, at how to link future system requirements to
the use cases specified in chapter 7, as the baseline for developing more measurable, and
hence testable, requirements. Finally, section 10.5 describes the quality gatekeeper role, and
the way in which a basic requirements management process may be implemented using a
requirements management tool. The chapter ends, as usual, with a list of references cited in the
chapter.

10.1. WHAT IS A REQUIREMENT?

It is obviously very important to define what is a requirement. However, this task is not as easy
as it first appears. In this section we present 3 different but complimentary definitions. The first,
from Robertson & Robertson (1999), is:

“Something that a product must do or a quality that the product must have”.

It is a simple definition that nonetheless places the focus on a product (not necessarily
software) and the qualities of that product shall have - these are clearly more than functions.

Jackson (1995) defines requirements as expressions of required phenomena that are shared
between a machine (product) and the domain or environment. His definition is intended for
requirements for software systems, but nonetheless is relevant to systems engineering. The
most important point is that the requirement is an expression of something required that is
shared by the system under specification and its environment. In simple terms, this means that
each requirement statement must express something about both the system and the
environment - this is a minimum prerequisite for a valid requirement statement.
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Sommerville and Sawyer (1997) state that:

“Requirements invariably contain a mixture of problem information, statements of system
behaviour and properties, and design and implementation constraints”

Their point is not a definition - but it pertains to the lack of a single comprehensive definition
provided in this process. The point is that requirements can be complex and difficult concepts
that defy simple categorisation, and you have to be prepared to recognise this when dealing
with requirements.

In the RESCUE process we adopt a hybrid definition of requirement that combines the
definitions of Robertson & Robertson (1999) and Jackson (1995). In the next section we
introduce the VOLERE requirement shell to operationalise this definition.

10.2. THE VOLERE REQUIREMENT SHELL

We have adopted the published VOLERE requirement shell (Robertson & Robertson 1999) to
describe requirements in the RESCUE requirements engineering process. The VOLERE shell
ensures basic completeness and representation of the requirements without imposing
bureaucratic activities often found with requirements and systems engineering standards. The
basic shell is shown in figure 10-1.

Figure 10-1The VOLERE requirement shell

VOLERE provides the following definitions of attributes for a requirement:

• REQUIREMENT #: each requirement must be uniquely identified for development and
traceability purposes;

• REQUIREMENT TYPE: the type enables us to categorise the requirements for different
purposes. VOLERE provides 26 different types of requirements to use, reflecting the usual
distinction between functional and non-functional requirements. In RESCUE we use a
slightly different set of requirements types tailored to the ATM domain (see section 10.3.1);

• EVENT/USE CASE #: the context of the requirement is broken into smaller pieces using
events in use cases;
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• DESCRIPTION: the description describes the intent of the requirement. It is a natural
language statement in the stakeholder’s words as to what is required. It can be vague, as
the fit criterion will eliminate any failings in the language description of the requirement;

• RATIONALE: the rationale is the reason behind the requirement’s existence. It defines why
the requirement is important and what contribution it makes to the requirement’s purpose;

• SOURCE: the source is the name of the person or group who raised the requirement in the
first instance, or the person or group to whom it can be attributed. You should attach the
source to your requirements so that you have a referral point if there are questions about the
requirement;

• FIT CRITERION: the fit criteria are quantified goals that the resulting system, in whichever
form it is delivered, has to meet – they are the acceptance criteria. While the description of
the requirement is written in the language of the stakeholders, the fit criterion is written in a
precise quantified manner so that solutions can be tested against the requirement;

• CUSTOMER SATISFACTION and CUSTOMER DISSATISFACTION: the satisfaction
ranking is a measure of how happy the client will be if the system successfully delivers an
implementation of the requirement. The scale ranges from 1 to 5 where 1 means that client
is unconcerned about the outcome and 5 means that the client will be extremely happy if
you successfully deliver a product that contains the requirement. The dissatisfaction rating
is also on a scale of 1 to 5. This time it measures the amount of unhappiness that the client
will feel if you do not successfully deliver this requirement. A 1 means that the client will be
unconcerned if the product appears without this requirement, and the scale progresses
through to 5 meaning that your client will be extremely angry if you do not deliver this
requirement;

• DEPENDENCIES: dependencies are other requirements that have an impact on this one;
• CONFLICTS: conflicts are other requirements that contradict this one, or make this one

less feasible;
• SUPPORTING MATERIALS: do not attempt to put everything into the specification. There

will always be other material that is important to the requirements, and it may be simply
referenced by this item;

• HISTORY: this is the place to record the date that the requirement was first raised, dates of
changes, date of deletion, dates of consolidation of the requirement, and so on. Add the
names of people responsible for these actions if you think it will help later.

For the CORA-2 and DMAN projects, the VOLERE requirement shell was slightly modified, and
it is this modified version of the shell which is recommended for use in the RESCUE process as
a whole. The modified shell is shown in figure 10-2.

In this modified version, the requirement tag is composed of the requirement type and number,
for example FR6, to denote functional requirement number 6, or LFR3, to denote Look and Feel
requirement number 3. (Note that a full list of tag types is given in section 10.3.1.)

Three new fields (STATUS, OWNER and STABILITY) have been added to the shell.

The requirement STATUS, which may be either ‘proposed’ or ‘pending’ or ‘approved’, shows the
degree of confidence which can currently be attached to the statement of a particular
requirement. This is described further in section 10.5.1. Levels are defined as follows:

- proposed - this is the level used when a candidate requirement is first recorded eg during a
scenario walkthrough

- pending - the level used when a requirement has been checked by the quality gatekeeper
and found to be incomplete in some way so that further work is needed to complete one or
more of the requirements attributes correctly

- approved - a requirement achieves this status only when all attributes are correctly
completed, and it has passed all quality checks; only approved requirements may be used
in the requirements document.
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Requirement Tag: Unique ID

Requirement Type: One of the
allowable RESCUE requirements
types

Use Case: Relevant use case, where applicable.

Description: A one sentence statement of the intention of the requirement.

Rationale: Why the requirement is considered important or necessary.

Status: Proposed or Pending or Approved Owner: Person responsible for the
             requirement.

Source: Origin of the requirement. Stability: High or Medium or Low

Fit criterion: A quantification of the requirement used to determine whether the solution
meets the requirement.

Customer Satisfaction: Measures the
desire to have the requirement implemented
on a scale 1 - 5.

Customer Dissatisfaction: Measures
unhappiness if the requirement is not
implemented on a scale 1 – 5.

Dependencies: Other requirements with a
change effect.

Conflicts: Other requirements that
contradict this one.

Supporting materials: References to any
explanatory information.

History: Date requirement was raised,
dates and details of changes.

Figure 10-2: The RESCUE requirements shell

The OWNER field is used to identify the person who ‘owns’ or takes responsibility for the
requirement.

The STABILITY field is used to show an estimate of how likely a requirement is to change.

An example of a requirement which has been structured using the RESCUE shell is shown in
figure 10-3.
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Requirement Tag: FR23

Requirement Type: Functional

Use Case: Initiate Calculation of Resolutions.

Description: The CORA 2 system shall receive conflict data from the conflict detector.

Rationale: The CORA 2 system requires conflict data for use in conflict resolution.

Status: Approved Owner: Kurt Angle

Source: Brainstorming session on 11/05/01 Stability: High

Fit criterion: During simulation trials, conflict data received by CORA 2 shall match (with
100% accuracy) the conflict data sent by the conflict detector.

Customer Satisfaction: 5 Customer Dissatisfaction: 5

Dependencies: Conflict detector
requirement 065

Conflicts: N/A

Supporting materials: Glossary p4, Conflict
detector ORD.

History: Requirement raised 12/05/01.

Figure 10-3: A requirement from the CORA-2 project

The most important attribute of a requirement is the Fit Criterion, which we use to make a
requirement both measurable and testable. We discuss this further in the next section.

10.3. WRITING MEASURABLE FIT CRITERIA

As indicated above, every requirement written in RESCUE must be accompanied by a
measurable fit criterion. This section provides some guidance on how to write measurable fit
criteria.

Fit criteria are quantified goals that the resulting system, in whichever form it is delivered, has to
meet – they are the acceptance criteria. While the description of the requirement is written in
the language of the stakeholders, the fit criterion is written in a precise quantified manner so
that solutions can be tested against the requirement.

10.3.1. Different Measures for Different Requirements
Types
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There are numerous taxonomies of requirements available in the requirements engineering
literature. Requirements are often divided into functional and non-functional requirements:

• Functional requirements tend to define what the system must do in terms of parts of
machine-problem domain interaction, states and behaviours. Functional requirements can
be broken down into smaller requirements, each of which is often formalisable if you choose
to go that route.

• Non-functional requirements restrict the types of machine solution (i.e. system) which
should be developed. Examples of non-functional requirements are those which relate to
maintainability, reliability and usability. Unlike functional requirements, non-functional
requirements focus on a whole system rather than its parts, and each is not formalisable.

Roman (1985) and VOLERE (Robertson & Robertson 1999) both provide a useful set of types of
functional and non-functional requirements.

It is also possible to define requirements that are not system-related. These more contextual
requirements might relate to suppliers or contracts if the system is to bought rather than
developed in-house, for example the supplier must be a large organisation, or the contract must
be legally-binding. Although the identification of such requirements goes against the definition
provided in Jackson (1995) such requirements are no doubt important in today's software
development. However, these are unlikely to be in use in the RESCUE process.

The requirements types in use in the RESCUE process, and their type tags are:

• Functional requirements (FR)

• Non-functional requirements including:
- Applicable standards (AS);
- Availability requirements (AR);
- Device requirements (DR);
- Interoperability requirements (IR);
- Look and Feel requirements (LFR);
- Maintenance requirements (MR);
- Performance requirements (PR);
- Portability requirements (PTR);
- Recoverability requirements (RCR);
- Reliability requirements (RR);
- Safety requirements (SFR);
- Security requirements (SR);
- Training requirements (TR);
- Usability requirements (UR).

The types of unit of measure for different types of non-functional requirements are important.
Indeed, if you are having difficulties understanding the differences between different requirement
types, look at the types of unit of measure to test a requirement, and it is an important indicator
of the requirement type. Often the type of a requirement is not obvious, and determining the
types of units of measure for the fit criterion helps both to type the requirement and, if needed,
to decompose the requirement.

For example, performance requirements are a common type of requirement for interactive
systems. System performance is often concerned with system speed and throughput, therefore
tests for performance requirements are defined in terms of response times (e.g. seconds) or
throughput (e.g. number of transactions handled in one hour).

Another common requirement type in interactive systems is usability. Typical types of unit of
measure are usage rates (do people want to use the system?) and error rates (can people use
the system correctly?). A more thorough treatment of types of units of measure for requirement
types is given in the table below.
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Requirement type Types of units of measure
FR - Functional requirement Requirements state predicted outcomes from functions,

therefore test for accurate completion of function within
standard.

AS - Applicable standards Identified standard that is applied to the future system
and its development.

AR - Availability requirements Periods of time to be available, percentage of permitted
downtime in a period, maximum allowed duration of a
downtime, numbers of separate unavailable times. May
be supplemented by definition of what is unavailability of
a system or product.

DR - Device requirements Adherence to some external standard, normally tested
by 3rd party expert combined with observation of the
product.

IOR - Interoperability requirements Other systems to operate with for particular functions.
LFR - Look and Feel requirements Adherence to some external standard, normally tested

by 3rd party expert.
MR - Maintenance requirements Time needed to maintain, resources need to maintain,

levels or types of maintenance to support.
PR - Performance requirements Speed measured using response-times or times to

complete an action, and throughput measured as
actions or functions undertaken within a time period.

PTR - Portability requirements Platforms that product needs to operate on.
RCR - Recoverability requirements Mean-time to recover, likelihood to recover.
RR - Reliability requirements Mean-time between failures.
SFR - Safety requirements Number of injuries/risk of injuries total or over time.
SR - Security requirements Access functions, mean-time between breaches.
TR - Training requirements Extent, length and nature of user training needed, and

measure of success of the training.
UR - Usability requirements Task-completion times, error-rates, usage rates.

Table 10-1: Measures for different requirements types

10.3.2. The Structure of a Fit Criterion

A good fit criterion is divided into 2 elements –

1. the acceptance criterion itself, which defines the minimum threshold that the system must
achieve in order to meet the requirement, and

2. an outline of how to test the system for acceptance according to this criterion. Note that
this is intended to be a pragmatic approach.

These two elements are dependent on each other. The definition of a testable acceptance
criterion depends in turn on the realistic tests that can be undertaken. Therefore the
development of a well thought-through criterion will often require a number of iterations, during
which the acceptance criterion and the outline test are investigated to ensure an effective and
testable fit criterion.

A word of warning is also important here. One of the simplest traps to fall into is to write
solution elements, that is features of the future system, into this fit criterion. Do not do this. You
are automatically restricting the space of possible solutions that can be implemented to meet
the requirement, and this is not often the intention behind the wording of the original requirement
description.



Page 187 of 238

10.3.3. Some Example Fit Criteria

To demonstrate some desirable features of a measurable requirement, consider the following
examples.

The first example is for a functional requirement from a supermarket checkout system:

Description: The system shall print a receipt for each customer
Criterion: This requirement is satisfied if, for a representative sample of 100 customers

and 1000 customer purchases with cash, debit cards, credit cards, cheques,
club cards and special offer vouchers, the system prints the correct receipt
with the correct information for 100% of all purchases. An independent human
checker will test compliance by random sampling of 100 customers purchasing
a representative range of items during one 8-hour test period, checking
purchased items against items on the receipt.

To write the fit criterion for a functional requirement, think about the measurable, testable
outcomes of a function – the state of the product, system or user if the functional requirement is
successfully satisfied.

The next two are part of a specification for new automatic doors on a London Underground train.

The first of these, a look and feel requirement, is:

Description: The passengers’ open-door buttons shall be accessible to all passengers
Criterion: This requirement is satisfied if the button is accessible to all anticipated

passenger groups. This is to include people whose height is equal to or above
the average height of a 5-year old UK child (104 cms), people who are in
wheelchairs, and people who are partially-sighted or registered-blind. The
requirement will be tested by an independent human factors expert with
representative passengers drawn from the London Transport Passenger Focus
Group, as well as an expert identified by the Disability Rights Commission.

The requirement is a standard look and feel, or human-computer interface requirement. However
the fit criterion demonstrates how complex it can be to test the requirement, as it requires the
requirements engineering team to make important assumptions about the wider system
environment (passengers on the Underground) and what to expect about these passengers. To
address this, one might first decompose the requirement further to identify different categories of
passenger, then define more specific fit criteria for these more specific requirements.

This example suggests an important piece of advice - as with requirements, try to keep
measurable fit criteria independent of candidate solution software unless an explicit design
decision has been taken and recorded.

The second, a maintenance  requirement, is:

Description: The tube door system shall be maintainable and allow an engineer to readily
access the electrical and mechanical mechanisms

Criterion: Using experience of systems in operation, and design alternatives, a set of
common problems should be accumulated by the LU engineers. This set of
problems should be further ordered based on the average turnaround time to
repair. An engineer should be able to reach and fix all common problems within
the average turnaround times as specified. It is inevitable that a new system
will bring new problems, and repair times for these should be based on past
engineer experience. An engineer should be able to locate a fault within 15
minutes of inspection, and fix it within a further 2 hours.
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This second requirement is a standard maintenance requirement, defining the need to repair and
upgrade the doors sub-system. What is more interesting is the relatively creative definition of
the measurable fit criterion. It proposes definition of a set of common maintenance problems,
then average times for repair for these different types of problems. The obvious consequence of
this test, although it is not spelled out, is the need for extensive application domain knowledge
and expertise to test requirements compliance. Do not shy away from this - it is common when
writing fit criteria for non-functional requirements that you must consider important domain-
specific knowledge during the eventual requirements testing.

The next example is more complex. Consider the following performance requirement has been
specified for an office door security system:

The system shall enable a validate user to enter the building within a
reasonable time

Possible requirement types to decompose this requirement include usability, interface, training,
lower-level performance, reliability, recoverability, and functional-type requirements, as shown in
figure 10-4.

Door system
shall be quick

to use

Door system
shall be usable

by all

Door system shall
have a standard

interface Door system
users shall be

trained

Door system
shall be quick

to open

Door system
shall be
reliable

Door system
shall be quick

to repair

Figure 10-4: A partial decomposition of the example performance-type requirement

The decomposition of the requirement shown here is to one level. As you will see at the end of
the example, each lower-level requirement can be decomposed further using the information in
the measurable fit criteria.

Description: The system shall be usable by all predefined users of the door.
Type: Usability requirement
Fit criterion: The fit criterion applies to all defined users of the door (adult users > 16 years

old, able-bodied, wheelchair-bound, hearing disabilities). The system satisfies
the requirement if the defined user population chooses to use the system
(rather than use other entrance systems such as the entrance telephone) at a
rate of more than 985 per 1000 entrances through the door when the entrance
system is operating normally. In addition, in order to satisfy the requirement,
the user population, when using the door system under normal operation, must
make fewer or equal to 10 user errors per 1000 entrances. We define a single
user error as the incorrect insertion of the card in the card reader, or the failure
by at least one person entering the door to open the door within 3 seconds of
the door being unlocked. Furthermore, the system must be quick to learn, in
that 75% of the user errors reported (as define above) that occur will occur in
the first 3 entrances by an individual user of the door. The requirement will be
tested in 2 phases. In the first phase the entrance system will be tested in a
controlled test-rig environment with a representative sample population of 100
users (based on the defined users list) using the door in the test rig
environment. In the second phase the entrance system will be tested in situ.
Over a representative one-week period a video camera will record interaction
between staff and the system when entering the office building through the
secure door. Two members of the RE team will categorise each entrance as
successful or not according to the user error types defined above, and total the
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frequency of each error type over the total number of entrances. Cascade errors
will be reported and added to the total.

Description: The users of the entrance system shall be trained to use the system
Type: Training requirement
Fit criterion: The system satisfies the requirement if more than 95% of the current defined

user population and all new future members of the population pass a simple
training exercise in the door system in situ. An individual current user passes
the training if that user attends a short presentation on the entrance system
from a selected representative of the RE team, and if that user is able to use
the entrance system successfully unaided under the supervision of the RE
team representative. The representative records the names of all successfully
trained users as a basis for measuring the satisfaction or otherwise of the
requirement.

Description: The system shall be quick to use
Type: Performance requirement
Fit criterion: The system satisfies the requirement if the defined user population is able to

enter through the door using the entrance system in less than a specified
entrance time of 7 seconds at a rate of more than 950 per 1000 entrances
through the door when the entrance system is operating normally. The
entrance time is defined as the time between entering the card into the card
swipe for the first time in an individual entrance and the time that the first
person in the entrance group crosses completely the door threshold. The
requirement will be tested in the second phase that the entrance system is in
situ. Over a representative one-week period the video camera will record
interaction between staff and the system when entering the office building
through the secure door. Two members of the RE team will analyse the video
clip of each entrance and use digital timing features to time each entrance to
provide a record of each entrance time in seconds. The RE team will also
record valid mitigating factors that effect each entrance (waiting for a colleague,
carrying baggage, bad weather), and each entrance with such a factor will be
removed from the data used to test the requirement.

Description: The system shall be reliable
Type: Reliability requirement
Fit criterion: The system satisfies the requirement if the entrance system suffers a mean-

time between failure (MTBF) rate of less than one failure per 60 hours of
operation under normal conditions and use over a period of the first 1000 hours
of normal operation. An individual failure is defined as: (a) the failure of the card
swipe to read a valid card (i.e. a card that permits entrance to the building)
during an entrance; (b) the failure of the door to unlock if the card swipe reads a
valid card, and; (c) an absolute failure of the system (apart from power failure).
The requirement will be tested using 2 methods on the door system in situ. The
first will use a computerised log that will record information about all successful
and unsuccessful uses of the card swipe (time, card number, success or
failure of door to unlock) that will be analysed for the frequency of failure types
(a) and (b). The log will be maintained for the first 1000 hours of operation. The
second method will involve the security team recording the date, time and
nature of wider system failures for the first 1000 hours of normal operation, to
record failures of type (c). The RE team will analyse the data from both
methods after each 50 hours of normal operation to monitor requirement
compliance.

Description: The system shall be quick to repair
Type: Maintenance requirement
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Fit criterion: The system satisfies the requirement if the entrance can be repaired from a
predefined list of failures that include but are not restricted to failures (a)-(c)
defined for the reliability requirement within a time frame. Using experience of
other entrance door systems in operation, a set of common problems will be
accumulated by the RE team and ordered based on the average turnaround
time to repair. The requirement is satisfied if the engineer, once on site at the
door, can reach and fix all known/common problems within the average
turnaround times as specified. An engineer should be able to locate a fault
within 15 minutes of inspection, and fix it within a further 2 hours if all new and
replacement parts are available on inspection.

Of course, these fit criteria are not complete and further decomposition of the requirements, and
hence the fit criteria, is possible. Indeed, the decomposition of requirements is driven by the
identification of the tests in the fit criteria. For example, for the usability requirement, the fit
criterion suggests that it can be decomposed into a usability requirement to do with user errors,
a user population requirement and a learnability requirement. Each could be modelled as a
separate requirement and given individual, more detailed fit criteria, if the originating
stakeholders agreed these requirements as correct requirements for the entrance system.

Other examples relating to the office door security system are as follows:

Description: The door system shall operate correctly in temperatures between –5 and 40
degrees Centigrade

Type: Device requirement
Fit criterion: This requirement is satisfied if both the swipe card reader and the doors

operate correctly at –5 degrees, 20 degrees and 40 degrees. The system will
be tested in a temperature controlled test environment with 20 different valid
and 20 different invalid cards. If all attempts to open the doors with valid cards
are successful at all temperatures, and all attempts to open the doors with
invalid cards are unsuccessful at all temperatures, then the requirement will be
said to be satisfied. The requirement will also be said to be satisfied if the
suppliers of the doors and card reader are prepared to provide a written
guarantee that these devices will operate correctly at the temperatures
specified.

Description: The door system shall encrypt data about system users per ANSI 9.8
Type: Applicable standards requirement
Fit criterion: This requirement is satisfied if the suppliers can provide written explanation, to

the satisfaction of the client, that encryption of user data is carried out as
defined in ANSI standard 9.8.

Description: The door system shall interact with the existing central security system
Type: Interoperability requirement
Fit criterion: This requirement is satisfied if the door system can both download data from

and upload data to the existing security system. Data to be downloaded
includes data about valid users and their access permissions. Data to be
uploaded includes records of all unsuccessful attempts to gain access to the
building. This requirement will be tested in two phases. In the first phase, data
held on the central security system will be updated by changing the access
permissions of a sample of 10 users and checking that those changes are
received by the door system, which would then allow or disallow access as
appropriate. In the second phase, a series of 50 attempts will be made to
access the building using invalid cards at different times of day and under
different system load conditions, and a check will be made to ensure that all
attempts are correctly recorded on the central security system. The system
will be said to satisfy the requirement if both tests are passed.
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Examples of fit criteria for other types of requirements are shown below. These have been taken
from the specification of requirements for the Countdown system, a system to display
information about bus arrival times on bus stop indicators around London, as well as other
devices such as PDAs and the Web.

Description: The Countdown system shall not cause injury to any passengers standing at
bus stops

Type: Safety requirement
Fit criterion: The system satisfies this requirement by complying with the Health and Safety

standard HS-34-3. The tests that will be applied are: (a) mounting the sign to
ensure that it is stable and secure for both sheltered and free standing units;
(b) measurement of the eyestrain caused by using the system; (c)
measurement of the volume of the audible output. Tests will be conducted by
an independent inspector from the Government Health and Safety Executive.
The Countdown system will be said to have satisfied the requirement if the
results of all of these tests fall within safe limits as defined in the standard.

Description: Communications between the Countdown system and London Buses central
computer shall be secure

Type: Security requirement
Fit criterion: The system satisfies this requirement if for 1000 updates of bus arrivals

information, no updates are sourced from data received from systems other
than the London Buses central computer. A computer security team will test
compliance by attempting to access the test-rig Countdown system in an
unauthorised manner. The security team will record the nature and frequency of
any successful attacks and will agree in writing that the Countdown system
satisfies the requirement.

Description: The Countdown system shall be able to display information on any standard
alphanumeric display

Type: Portability requirement
Fit criterion: This requirement is satisfied if the Countdown system can display bus

information on a standard alphanumeric screen that supports the American
Standard Code for Information Interchange (ASCII). To test this requirement, all
the different ASCII compliant indicator models will be fed sample bus
information from the Countdown system in ASCII format. All indicators should
display all characters of the sample correctly.

Description: The Countdown system shall be available 24 hours a day, 7 days a week
Type: Availability requirement
Fit criterion: This requirement is satisfied if the Countdown system is unavailable to

passengers for not more than 1 hour in one month. This requirement will be
tested by reviewing system logs collected during the first 6 months of
operation.

Description: The Countdown system shall recover from failure quickly
Type: Recoverability requirement
Fit criterion: This requirement is satisfied if the Countdown system can recover from 90% of

failures within 10 minutes, and from the remaining 10% of failures within 2
hours. Failures include failure of the bus stop information display, failure in
communication between the Countdown system and London Buses central
computer, and failure of the automatic vehicle location (AVL) system. Recovery
rates for the bus stop information display will be tested using feedback from the
passenger focus group regarding observed failures at bus stops during the first
6 months of operation. Failures in communication and failures of the AVL
system itself will be identified from system logs collected during the first 6
months of operation, and recovery times will be analysed to determine whether
the requirement has been met.
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10.4. STRUCTURING REQUIREMENTS

So far, this chapter has looked at requirements in isolation, i.e. requirements have not been
related to each other. However, for most systems, requirements are interconnected in a number
of different ways.

10.4.1. Structuring Requirements with Use Cases

One of the key features of the RESCUE process is to structure requirements with the use
cases described in chapter 7. There are 2 main advantages of this approach:

- Use cases offer the context, in terms of the future system environment, that is needed to
make a requirement easier to understand and, more importantly, testable through the
specification of a measurable fit criterion.

- Use cases, and the scenarios that are generated from them, provide a more effective basis
for test case generation for system testing and acceptance testing.

Figure 10-5 depicts the roles that use cases play in linking the requirements of the future
system, that is the desirable properties of the future system, to its environment. The
environment can be described in simple terms as a collection of events that are input to the
system from outside. These might be events that the system is actively looking for or passively
receiving. If we treat the future system as a black box, which is desirable when producing an
operational requirements document, then the system does something in response to these
inputs and produces a series of outputs into the environment. These outputs are also modelled
as events.

Use cases and scenarios are effective for modelling how the system might or should respond to
these input events and produce the output events. However, the use case does not describe the
detailed properties of the system, that is what the system shall do to achieve or bring about the
desired behaviour. This is where requirements come in. Requirements express the required
properties of the system to bring about the desired behaviour. If the system is doing something,
functional requirements are used to express this required functionality. If the system must do
something within constraints such as time or cost, non-functional requirements express these
constraints. As such, use cases and requirements are tightly-coupled in a requirements
specification, to the mutual strengthening of both.

System behaviour

Properties of the system

Events triggered
by system

Events into
system ENVIRONMENT

USE CASES

REQUIREMENTS

Figure 10-5 Linking requirements to the environment through use cases

Figure 10-6 describes the meta-model that we use in this process to link a requirement to a use
case or events in the use case. The link [requirement DECOMPOSED INTO use case] means
that the use case describes system and agent behaviour that satisfies the requirement. This
type of link is most often used when a use case is written to describe how a higher-level
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requirement can be met. The type of link [requirement CONSTRAINS BEHAVIOUR IN use case]
is similar, but more often applies when the requirement is a non-functional requirement type. As
a result, the requirement applies constraints to the behaviour described in the use case, for
example by applying performance, timing or reliability-type constraints.

The links between action and requirement are similar. The type of link [requirement ENABLES
action] describes how the system functions and behaviour expressed in the requirement(s)
ensures that the event takes place. Likewise, the type of link [requirement CONSTRAINS
action] describes the constraints (as non-functional requirements) that are applicable to that
action, for example performance and reliability constraints that apply to an action in the use
case.

Figure 10-6 The meta-model describes the types of associations between a requirement, a use
case and a use case event

Let us describe each of these association types in turn.

The link type [requirement DECOMPOSES INTO use case] defines that the requirement is met
if the system or other agents undertake all of the behaviour expressed in the use case. As
such, the link type is an alternative to a more hierarchical decomposition of requirements that
would happen if use cases were not available for structuring requirements. It is interesting to
note again that the specification of the use case often requires you to make some high-level
design decisions about the nature of the interaction between actors and the system.

When the link type [requirement CONSTRAINS BEHAVIOUR IN use case] is used, the
requirement is met if the system and other agents undertake behaviour described in the use
case within the constraints expressed in the requirement. Typically, the requirement is a non-
functional requirement type such as performance or reliability. The constraint applies to the
behaviour expressed in the entire use case.

According to the definition of the link type [requirement ENABLES action], the requirement is
met if the system or actor involved in the action undertakes behaviour that is described in the
use case as specified in the requirement statement. That is, the behaviour described by the
action shall occur if and only if the requirements linked to that action are also met. The most
important distinction here is whether the action involves or is undertaken by the system or other
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agents that either humans or machines. When the action involves the required system, typical
types of requirement are functional and behavioural requirements.

When the [requirement CONSTRAINS action] link type is used, the requirement is met if the
system and/or other agents undertake the behaviour described in the use case within the
constraints expressed in the requirement. It is similar to the link type [requirement
CONSTRAINS BEHAVIOUR IN use case], but the link is between the requirement and a single
action in the use case. As with the previous link type, a requirement can constrain behaviour
involving the required system or agents that might interact with the required system.

The RESCUE use case template has been designed to represent and structure requirements
according to these 4 types of association. Figure 10-7 repeats the use case template shown in
figure 7-9 and in addition shows how alternative course statements are added to the use case
by the ScenarioPresenter tool in stage 3 of the RESCUE process. Note also that variations are
not shown as the ScenarioPresenter tool currently treats variations as separate scenarios.

Name of Use Case

Use Case ID Unique ID for Use Case
Author Name of author
Date Date Use Case was written
Source Source of Use Case
Actors Actors involved in Use Case (from the Use Case Diagram)
Problem
statement
(now)

Description of current problem

Precis Informal scenario description
Functional
Requirement
s

Descriptions of all functional requirements associated with this Use
Case

Non-
functional
Requirement
s

Descriptions of all non-functional requirements associated with this
Use Case

Added Value Benefit of Use Case above and beyond the original scenario from the
original system

Justification Why is the Use Case needed in the future system?
Triggering
event

Event or events that can trigger the Use Case

Preconditions Necessary conditions for the Use Case to occur
Assumptions Explicit statement of any assumptions made in writing the Use Case
Successful
end states

Successful outcome(s) of the Use Case

Unsuccessful
end states

Unsuccessful outcome(s) of the Use Case

Different
Walkthrough
Contexts

Different situations and contexts in which the use case takes place

Normal
Course

1. Action 1
Descriptions of all requirements associated with Action 1

2. Action 2
 Descriptions of all requirements associated with Action 2

…
…

Alternatives 1. Alternative to Action1.
Descriptions of all requirements associated with this alternative

2. Alternative to Action 2.
 Descriptions of all requirements associated with this alternative
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……

Figure 10-7 Structuring requirements using the RESCUE use case template

It follows from the above that requirements may be specified at one of three ‘levels’ in the final
requirements specification.

• System level requirements are those which relate to the system as a whole.
• A use case level requirement is one which relates to a particular use case as a whole.
• Finally, an action level requirement is one which relates to an individual action in a use

case.

As the template shows, we recommend that you indicate the association of a requirement to a
use case or a use case action by writing the requirement identifier and the requirement
description into the correct part of the template:

• Functional and non-functional requirements associated to the use case as a whole are
added to the Functional Requirements and Non-functional requirements attributes of the use
case template;

• Functional and non-functional requirements associated to a use case action in the normal
course are added underneath the relevant action in the Normal Course section;

• Functional and non-functional requirements associated to an alternative to a use case
action are associated with the relevant alternative in the Alternatives section;

The obvious limitation of this approach is that because of the possible many-to-many
relationship between a requirement and a use case action, one requirement description might
be repeated several times. This necessitates effective requirements management, as described
in the last section of this chapter.

System level requirements are identified mainly in early inputs into the requirements process
such as the OCU document, or initial brainstorming sessions. They are the high-level
requirements, expressing desirable properties of the system as a whole, which may later be
decomposed and refined in order to add detail to the requirements specification. System-level
requirements express requirements on the combination of all actors, human and machine,
inside the first 3 levels of our context model, as well as interactions with actors at level 4 in this
model.

There will only be a relatively small number of system-level requirements. Most system-level
requirements will be non-functional requirements (since in our process, use cases take the
place of such high-level functional requirements).

Some examples of system level requirements from the CORA-2 project are:

Interface requirements:
The CORA 2 HMI shall make use of existing HMI.
The CORA 2 system shall be compliant with the Look and Feel of existing HMI.

Performance requirement:
The CORA 2 system shall react to any of the Controller's input in less than 100 msec.

Usability requirements:
The Controller using the CORA 2 system shall be able to understand quickly and easily the
rationale of the CORA 2 resolutions.
The Controller using the CORA 2 system shall have sufficient time to implement CORA 2
resolutions.

Safety requirement:
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When the CORA 2 system becomes unavailable, the Controller using the CORA 2 system shall
be able to perform ATC.

In general, system level requirements might be expected to be defined in each of the non-
functional requirement categories.

10.4.2. Requirement Decomposition

As suggested above, it is often necessary to decompose requirements. This short section
provides some practical advice as to how to decompose and refine requirements.

Refine non-functional to functional: One common trick is to try to refine a non-functional
requirement such as “the system shall be safe” by asking what does that mean for it to be
safe?. Indeed, requirements engineers often need to ask the right simple questions at the right
time. Answers can include “the system will do X and Y to avoid people getting hurt” - already
you are refining and decomposing requirements.

Decompose functional: If you have functional requirements, standard functional decomposition
to discover sub-functions is a useful technique. An obvious clue to a requirement suitable for
decomposition is the use of conjunctions in the requirements statement. Conjunctions indicate
that the requirement is non-atomic (i.e. it contains several requirements), and warrants
decomposition straight away.

Use fit criteria: The use of measurable fit criteria is a variation on this. Measurable fit criteria
are often more precise than initial statements of requirements. Achieving this precision often
requires decomposition and the use of complex logical fit criteria that identify further
requirements to decompose.

Look for re-occurring patterns: Experience has shown that it is not necessary to rely on first
principles. Instead, general patterns of decomposition of requirements types can be found within
and across application domains. These patterns reflect the fact that we often describe problems
and solve them in similar ways time and time again. We show two such patterns below.
Although they are simple, they might be useful to the Eurocontrol requirements team.

The first pattern, shown in figure 10-8 shows how you might typically decompose a usability-
type requirement. As we measure usability in terms of usage errors and degree of use, it is
possible to decompose a usability-type requirement into other requirements of specific types
that, when satisfied, lead to the satisfaction of the higher-level usability requirement. These
include training-type requirements (train users to avoid errors), interface requirements (more
effective interfaces), performance requirements (better response times) and functional
requirements (providing help support). All, when satisfied, can lead to the satisfaction of
usability-type requirements.

Usability
Requirement

Training
requirement

Look & Feel
requirement

Performance
requirement

Functional
requirement

Figure 10-8 Pattern for decomposing a usability requirement

A similar pattern can be identified for safety requirements, as shown in figure 10-9. As we
measure safety in terms of human injuries and risks of injuries, we can decompose safety-type
requirements into other requirement types that, when satisfied, lead to the satisfaction of the
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higher-level requirement. These include better training, better interfaces, better performance and
more reliable systems.

Safety
Requirement

Training
requirement

Look & Feel
requirement

Performance
requirement

Reliability
requirement

Figure 10-9 Pattern for decomposing a safety requirement

10.4.3. Dependencies between requirements

Finally, it is quite often the case that contribute-to links, as defined using the i* approach from
chapter 5, exist between requirements. These non-hierarchical links can be expressed in
tabular form between non-functional requirements using ‘+’ and ‘-’ symbols, where ‘+’ means
that greater satisfaction of requirement a will contribute to the satisfaction of requirement b,
while ‘-’ means that greater satisfaction of requirement a will work against the satisfaction of
requirement b.

You can consider these link types at the requirement-type level. For example, increasing the
satisfaction of a usability requirement for the system may decrease the satisfaction of a
performance requirement. Likewise, increasing the satisfaction of a training requirement may
also increase the satisfaction of a usability requirement.

10.5. MANAGING SYSTEM REQUIREMENTS

There are two aspects to requirements management: the process implemented by the
requirements team, and the software tool used to support that process. We discuss each in
turn.

10.5.1. The Quality Gateway

It is important to impose a quality control process on the specification of requirements and their
measurable fit criteria. In RESCUE, this is done by the person in the requirements team who
has been assigned the Quality Gatekeeper role, using a requirements management tool as
described below. This concept has been taken from the VOLERE approach (Robertson &
Robertson 1999). In RESCUE, as in VOLERE, the Quality Gateway is the formal point of entry
of requirements into the specification.

The Gatekeeper role is essential to the success of the RESCUE requirements engineering
process. It requires strong and critical analytic skills to assess the quality of requirements, so
the importance and difficulty of the role should not be under-estimated.

10.5.1.1. Managing Requirement Status

Many of the activities carried out within the RESCUE process generate potential requirements
that can be formalised and linked in to the use case structures as described above. It is the
Quality Gatekeeper’s job to carry out a number of quality checks (described below) to ensure
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that these potential requirements are refined and specified correctly before being allowed to
pass into the final requirements specification

In RESCUE we use the ‘status’ attribute of a requirement to flag a requirement’s status with
respect to these quality checks. When a requirement is first entered into the requirements
database, it is automatically assigned the status ‘proposed’. The gatekeeper must then review
each requirement. If a requirement is correctly specified, the gatekeeper updates its status to
‘approved’, and it will be included in any requirements specification which is generated from the
database from that point onwards. If there are any problems with the requirement (eg some of
its attributes have not yet been completed), the gatekeeper updates its status to ‘pending’, and
forwards the requirement to the relevant authority, often a stakeholder, for clarification, revision
or discarding. This process may need to be repeated a number of times for any one
requirement, before it is able to pass all the quality checks, and achieve the status of
‘approved’.

10.5.1.2. Requirement Quality Checks

The checks which the Quality Gatekeeper must apply to determine whether a requirement may
be ‘approved’ are presented below. They have been drawn from Robertson and Robertson
(1999), Alexander and Stevens (2002) and Lauesen (2002). Note that a requirement must pass
all checks identified as ‘mandatory’ in order to be approved.

Have all the necessary attributes of the requirement been assigned? – mandatory

In RESCUE, every requirement is specified using a modified version of the VOLERE
requirement shell (Robertson & Robertson 1999). Thus every requirement has a number of
attributes, some of which must be assigned values, and others which may be assigned
values to provide additional useful information. All mandatory attributes must be assigned
values in order for a requirement to achieve the status ‘approved’.

Requirement attributes are listed, together with some comments, in table 1. This refers to
the implementation of the requirements database in RequisitePro which was used in the
DMAN project.

Is the requirement stated using the word ‘shall’? – mandatory

Is the requirement stated precisely?

Avoid using terms such as ‘usually’, generally’, often’, normally’ and ‘typically’, as these are
too vague.

Avoid using terms such as ‘may’, ‘might’, ‘should’, ‘ought’, ‘could’, ‘perhaps’ and ‘probably’
as these are also too vague.

Is the requirement stated as a simple sentence, without conjunctions?

Every requirement should be a single active sentence, as short as possible, but no shorter
eg The pilot shall be able to view the air speed.

Avoid use of conjunctions such as ‘and’, ‘or’, ‘with’ and ‘also’ where possible, as these can
lead to misunderstanding.

Use shorter words rather than longer where possible, to avoid confusing non-technical
stakeholders, or those for whom English is not the first language (eg use ‘change’ rather
than ‘reconfigure’).

Do not use abbreviations (eg use ‘passengers’ instead of ‘pax’).
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Is the requirement meaningful to stakeholders? – mandatory

Test achieved by asking the stakeholders to have their name assigned as owner to the
requirement.

Is the requirement written using terminology from the project glossary where appropriate? –
mandatory

Where technical terms are needed, use those defined in the project glossary.

Is the requirement testable? – mandatory

The measurable fit criterion should specify an economically feasible way to check that the
product meets the requirement.

Does the requirement over-constrain the solution space?

Reference to a potential solution is only acceptable if that solution has been mandated by
the client.

Is the requirement ‘gold-plated’?

Questions should be raised about requirements which have been assigned a customer
dissatisfaction rating of 1 or 2 – are these requirements really needed in the specification?



Page 200 of 238

Attribute Comments
Unique Identifier* Issued by Requisite Pro.
Requirement Type* For requirements derived from scenario walkthroughs, the type will already

be specified. For other requirements, the gatekeeper may need to identify,
then validate a requirement’s type.

Description* A first draft description may be derived from identification of high-level goals,
human activity modelling, i* modelling, scenario walkthroughs or other
requirements acquisition activities. This must then be refined by the quality
gatekeeper using the checks defined in this section.

Rationale* For requirements derived from scenario walkthroughs, the type will already
be specified. For requirements derived from i* models, the reader may
simply be referred to the i* models as rationale for a requirement. For other
requirements, the gatekeeper may need to identify, then validate a
requirement’s rationale.

Status* Defined according to the procedure described above.
Owner* The owners of the requirement, person or people, who can be returned to

when the requirement is to be decomposed, refined, changed or evaluated.
Source* This should be recorded as the document or activity in which the

requirement was originally identified, as well as, where possible, the
individual stakeholder who raised the requirement.

Stability -
Fit Criterion* Information to be requested from stakeholders, fit criteria to be written by

the engineers themselves
Customer Satisfaction* To be requested from stakeholders.
Customer Dissatisfaction To be requested from stakeholders.
Dependencies Examples of dependencies which may be recorded here include:

• Relationships between functional and related non-functional
requirements

• Relationships implied in i* models
• Temporal dependencies eg where one requirement cannot be satisfied

before another has been satisfied
• Hierarchical relationships eg resulting from decomposition of high-level

system requirements.
Conflicts Conflicts, such as conflicts between stakeholders, may be identified during

requirement reviews and should be recorded here.
Supporting Material -
Version History* Maintained by Requisite Pro.
Link to System Level, Use
Case or Use Case Action*

Some of the requirements derived from scenario walkthroughs will already
be linked to appropriate use case actions. Others may need to be moved to
link to appropriate use cases, or to the system level. For requirements
derived from other sources, the gatekeeper may need to propose, then
validate the relevant links.

Attributes marked * are mandatory for passing the quality gatekeeper check.

Table 10-2 Requirement attributes and their sources

10.5.1.3. Managing Change

Finally, in order to manage the numerous changes to requirements which take place in any
project, the quality gatekeeper must implement a formal change management process. A
document describing the input and change management process defined for the DMAN project
has been attached as an appendix, and could be reused in future projects applying the
RESCUE process.
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10.5.2. Tool Support for Managing Requirements

We recommend the use of a commercial software tool for managing requirements. For the
CORA 2 and DMAN projects, Rational’s RequisitePro, and the Web enabled version of the tool,
RequisiteWeb, have been used. More information about RequisitePro can be found at
http://www.rational.com/products/reqpro/index.jsp.

Examples from the RequisitePro tool are shown in figures 10-10 and 10-11. Functions provided
by the tool include requirements description, simple syntactic checking of requirements, tracing
requirements, managing requirements versions, change management for requirements, and
requirements reporting. As RequisitePro provides considerable functionality, it is recommended
that all users should complete the training material provided by Rational before using the tool in
a live project.

For each project, a project template was set up within the tool which specified:

• The attributes of each requirement;
• The requirements taxonomies that drive acquisition and analysis;
• The requirements traceability structures;
• The simple use case-requirement structure, as described above, that is implemented

throughout the RESCUE process.

In CORA-2 it was discovered that current requirements management tools did not support
RESCUE’s use-case-based requirements structure directly, and that a work-around was needed
to enable this. The work-around used in CORA-2 caused some problems with requirements
typing. For DMAN, we have developed a more satisfactory work-around, which enables better
traceability between use cases and their related requirements without interfering with the need
to type requirements (into the categories of, for example, functional, look and feel, safety, or
reliability requirements). This solution is described in the following paragraphs.

The use case structure for a new project must first be embedded into the requirements
document and may then be populated with requirements as part of the documentation process
in the project. This document structure can be saved as part of the RESCUE process template
in RequisitePro (or RequisiteWeb), and can be used in future projects. A document describing
the RequisiteWeb requirement database structure developed for the DMAN project has been
attached as an appendix to this document. This structure could be reused in future projects
applying the RESCUE process.

The specification of every requirement at either the system, use case, or action level, as
described in section 10.4.1, can be achieved in RequisitePro by the introduction of 3 pseudo
requirements types: System Requirement, Use Case, and Use Case Action. These three
requirement types do not actually represent requirements, but purely allow the linking of
functional and non-functional requirements to one of the levels. RequisitePro allows different
colours to be associated with different requirement types, so that these three pseudo types can
be coloured differently from the real functional and non-functional requirements, for easier
identification. (Note that there will only ever be one pseudo requirement of the System
Requirement type, as many pseudo requirements of the Use Case type as there are use
cases, and as many pseudo requirements of the Use Case Action type as there are actions.)

The linking of requirements to one of the three levels is achieved in RequisitePro by using its
traceability feature. Using the three pseudo requirement types means that every real
requirement may be linked to, or ‘traced-from’ one of these types. Requirements that are
specified as system level, can be viewed in a traceability tree that has it’s root as the type
System Requirement. All others can be viewed via a traceability tree that has it’s root as the
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type Use Case. This is because all these requirements are linked either directly to a use case
or to a use case action that is contained within a use case.

Figure 10-10 A requirements table in RequisitePro
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Figure 10-11: RESCUE requirements attributes and use case structure implemented in
RequisitePro

Finally, we may note that for DMAN, three different levels of access to the database were
defined for:
− the quality gatekeeper, who has responsibility for ensuring the quality of requirements in the

database, and is therefore the only one with permission to add new requirements;
− other members of the requirements team, at different sites, who have permissions to

change some attributes of requirements in the database, such as requirement rationale,
owner, stability and fit criterion, and

− other stakeholders in the project, based at a range of different sites, who have read only
access.

Although RequisitePro and RequisiteWeb tools have been used successfully to manage
requirements within the CORA-2 and DMAN projects, we recognise that RequisitePro is not the
only requirements management software tool on the market. Information about other software
products for requirements management can be found at:

• http://www.telelogic.com/products/doorsers/index.cfm
• http://www.chipware.com/sub1.php3?section=rtm
• http://www.systemsguild.com/GuildSite/Robs/retools.html
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11. Appendix A: Glossary

This section provides a definition of key terms used in this document. Terms defined elsewhere
in the glossary are shown in italics.

Activity model A model of activity in the current system or work domain, described in
terms of:
• Goals - high-level functional goals, local goals (prescribed and non-

prescribed), goals of individual actors (prescribed and non-
prescribed), collective goals for a number of actors (prescribed and
non-prescribed)

• Actors
• Resources - internal and external
• Resource management strategies
• Constraints
• Actions
• Contextual features

Action Something done by an actor.

Actor In activity modelling, an actor is any person involved in the problem
domain.

In use case modelling, an actor defines a role that a user can play when
interacting with the future system. A user can be either a person or
another system. An actor interacts with the future system in order to
achieve an objective by using a service to be provided by the system. The
way in which an actor interacts with the system is described in one or
more use cases.

In i* modelling, work processes are modelled in terms of dependency
relationships among strategic ‘actors’ or stakeholders. Strategic actors in
i* have freedom of action but depend on each other for goals to be
achieved and tasks to be performed. An actor in i* not only performs
actions, but also has intentional aspects such as objectives, rationale
and commitments.

Adjacent system A system (person, organisation or computer system) that provides
information to, or receives information from the work that we are studying.
There are three types of adjacent system:
• Active adjacent systems, which behave dynamically (perhaps

interacting with or participating in the work), initiate events, have
objectives, and are usually humans;

• Autonomous adjacent systems, which act independently of the work
being studied but has connections to it, and is usually an external
body such as another company or department; and

• Co-operative adjacent systems, which are usually computerised
systems and behave predictably when called upon, often co-operating
with the future system to bring about a desired outcome.

Alternative course An exceptional path, or sequence of events, through a scenario not
leading to the originating use case’s end state or goal.

Cognitive resources Cognitive capabilities used by actors in solving problems or achieving
goals in the problem domain (used in activity modelling).

Constraint In activity modelling, this is a property of the environment that needs to be
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taken into account when an actor is deciding what action he or she
should take.

Context model A model which represents the relationship between the future system and
its adjacent systems, in terms of data flows to and from the future
system. This model is used in identifying system boundaries.

Contextual features In activity modelling, contextual features are any features of the context
which affect an actor’s decision making.

Design idea A suggestion regarding the future system which contains information
about a possible solution to the problem that system is to address.

Event An event is a happening at a moment in time which starts or ends an
action in a scenario.

External resource In activity modelling, external resources are defined, in contrast to internal
resources, as any resources external to the actor.

Fit criterion For every requirement included in the requirements specification, a fit
criterion should be defined. A fit criterion is a precisely quantified target,
which a future system must meet in order to satisfy the requirement. Fit
criteria are also often referred to as ‘measurable fit criteria’.

Functional requirement Functional requirements define what the system must do in terms of the
interaction between the machine and the problem domain, behaviours,
functions and services to be provided. Functional requirements are either
met or not met by the future system: they cannot be partially met.

Goal A condition or state of the world that can be achieved or not.

In activity modelling, goals are expressed in terms of future desirable
states, be it the need to find out more about a flight, confirmation of a
conflict, the allocation of a task, or the decision of when to solve a
conflict.

Goals in i* equate to functional requirements that are either met or not
met.

In use case modelling, a goal is seen as the end state for a use case, the
objective of the use case’s primary actor.

Human activity model The form of activity model proposed in this document, which consists of a
number of completed human activity descriptions.

Human activity
description

A description of a particular activity in the current system or work domain,
developed by completing the RESCUE activity modelling template, shown
in figure 4-1.

Internal resource Cognitive resource used by actors in solving a problem in the problem
domain.

Local goal In activity modelling, local goals reflect the task at hand as formulated by
the actor. Examples in the air traffic control domain include “confirm
conflict”, “decide on when to deal with the conflict”, “communicate with
the neighbouring sector”, “look for additional information”.

Non-functional Non-functional requirements restrict the types of machine solution (i.e.
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requirement system) which should be developed. Examples of non-functional
requirements are those which relate to maintainability, reliability and
usability. A full list of non-functional requirement types is given below.
Unlike functional requirements, non-functional requirements focus on a
whole system rather than its parts, and may not be formalisable.

Non-prescribed goal In activity modelling, a non-prescribed goal is a goal not prescribed by
norms or regulations, but set up by the actors in the domain to locally
adapt resources in order to better achieve goals.

Normal course The collection of actions through which a use case’s end state or goal is
usually achieved.

Prescribed goal In activity modelling, a prescribed goal is a goal defined by norms and
regulations.

Quality gateway The quality gateway is the set of checks through which a requirement
must pass before being incorporated into the requirements specification.
Checks include those for completeness, traceability, consistency,
relevancy, correctness, ambiguity, viability, and being solution-bound.

Requirement Requirements have variously been defined and described as follows (see
also section 10.1.1):
• a requirement is “something that a product must do or a quality that

the product must have”. (Robertson & Robertson, 1999);
• requirements are expressions of required phenomena that are shared

between a machine (product) and the domain or environment
(Jackson 1995);

• “Requirements invariably contain a mixture of problem information,
statements of system behaviour and properties, and design and
implementation constraints” (Sommerville and Sawyer 1997)

Requirement level Requirements may be specified at one of three ‘levels’ in the final
requirements specification.
• System level requirements are those which relate to the system as a

whole;
• A use case level requirement is one which relates to a particular use

case as a whole;
• An action level requirement is one which relates to an individual

action in a use case.
Requirement type The RESCUE process uses the following requirements types:

• Functional requirements (FR) and

• Non-functional requirements, including:
• Applicable standards (AS);
• Availability requirements (AR);
• Device requirements (DR);
• Interoperability requirements (IOR);
• Look and Feel requirements (LFR);
• Maintenance requirements (MR);
• Performance requirements (PR);
• Portability requirements (PTR);
• Recoverability requirements (RCR);
• Reliability requirements (RR);
• Safety requirements (SFR);
• Security requirements (SR);
• Training requirements (TR);
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• Usability requirements (UR).

Requirements database The set of requirements stored in the requirements management tool
Requirements
specification

The specification of requirements resulting from the requirements
engineering process. According to Eurocontrol procedures, this document
is referred to as the Operational Requirements Document.

Resource Means, including objects or tools, available to actors to achieve goals in
the problem domain. In activity modelling, one actor may see another
actor as a resource. In i*, resources may be either physical, informational
or time resources.

Resource management
strategy

In activity modelling, the resource management strategy is the way in
which an individual actor or group of actors copes with limitations on the
resources available to solve a problem or achieve a goal.

Scenario An instance of a use case, expressed as a sequence of events and their
possible alternative courses.

Soft-goal Used in i* to denote non-functional requirements, relating to properties of
the future system.

Stakeholder Someone with an interest in the future system who might have
requirements on the system.

Storyboard A representation, usually with a graphical component, of the way in which
the future system will operate, using a variety of design options.

Strategic dependency
model

A model developed using the i* notation which describes a network of
dependency relationships between actors.

Strategic rationale
model

A model developed using the i* notation which describes processes in the
problem domain in terms of:
• goals
• tasks
• resources
• soft-goals
and the relationships between them.

Stream There are 4 streams in the RESCUE process, relating to
• activity modelling
• i* modelling
• use case modelling, and
• requirements management
Each stream is made up of a number of different sub-processes.

Sub-process Each stream in the RESCUE process comprises a number of different
sub-processes, as shown in figure 1-1. In addition, RESCUE uses a
further sub-process, creative design workshops, which receives input from
and provides output to all other streams.

Synchronisation point In order to facilitate the management of the RESCUE process as a whole,
we have introduced the notion of synchronisation points, which cut across
all streams as shown in figure 1-1. At each synchronisation point, it is
recommended that all key deliverables from earlier sub-processes should
be formally reviewed and signed off before further work is begun. This is to
ensure that work carried out later in the process is done on as sound a
footing as possible.
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Task In i* modelling, a task is a particular way of achieving a goal; a sequence
of actions which produces a change in the problem domain.

Use case A use case describes how an actor uses a system to achieve a goal and
what the system does for the actor to achieve that goal. In the RESCUE
process, use cases are described using the use case template shown in
figure 7-9. This allows the requirements engineer to define the normal
course for a use case, i.e. the collection of actions through which the
goal is normally achieved.

Use case description A description of a use case developed by completing the RESCUE use
case template, shown in figure 7-9.

Use case diagram A visual representation of the relationships between actors and use cases
in the use case model, which provides an overview of system
functionality.

Use case model A use case model is a set of complementary use cases, actors, and the
associations between them, which together define the functionality of a
system. A use case model consists of a use case diagram and a set of
use case descriptions.

Use case specification In the RESCUE process, use case descriptions are revised, structured
and typed to produce use case specifications, which can then be used to
generate scenarios.

Variation A collection of actions, different from the normal course, which
nevertheless lead to a use case’s end state or goal.
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12. Appendix B: DMAN Requirement Database
Structure
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RequisiteWeb Requirement Database
Structure
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1.  INTRODUCTION

Rational RequisitePro is the requirement management tool that has been chosen to maintain
the requirements captured during the Rescue process for DMAN. Access to the requirement
database, for NATS and Sofreavia, is facilitated by RequisiteWeb, the web based version of
RequisitePro.

This document is intended to provide guidance on the RequisiteWeb project structure, which
has been created in accordance with instructions from Eurocontrol.

For a demonstration on how to use RequisiteWeb see:
http://www.rational.com/tryit/reqpro/seeit.jsp#d10

2. ACCESSING THE DMAN REQUIREMENT
DATABASE

There are 2 interfaces to the requirement database for the DMAN project: RequisitePro and
RequisiteWeb.  Access to RequisitePro is only available to the quality gatekeeper role at City
University. Other DMAN project users will access the database via RequisiteWeb.

The DMAN project can be found at http://hcidproj.soi.city.ac.uk/ReqWeb/Login_Page.jsp on the
City University website, or via a link from the private DMAN web pages, at
http://securedman.soi.city.ac.uk/index.html.

2.1. SECURITY
The DMAN project is enabled with security access. The project contains 4 user groups:

2.1.1. Administrator
The administrator has complete rights over the project. They may alter the structure of the
project and the data contained within it. The Administrator is the only user who may create,
update or delete a requirement type, or requirement. For the DMAN project, the administrator is
also the same person as the gatekeeper.

2.1.2. Gatekeeper
The gatekeeper will populate the project database with requirements, as instructed, and also
perform the quality gatekeeper role. The role of the quality gatekeeper is to check the
requirements for completeness. They are the only user, apart from the Administrator, who may
change the status of a requirement. All requirements are created with the default status of
proposed, and it is the role of the quality gatekeeper to check the state of the requirement and
assign the correct status it. They have no rights over the structure of the project, but they have
full rights over the data contained in the database, i.e. read, create and update.

2.1.3. Users
These users are concerned with the creation of the requirements. The gatekeeper will enter use
cases and requirements in RequisitePro, in accordance with details forwarded to them from
users, as per Section 3 Error! Reference source not found.. They have no rights over the
structure of the project, but they have read and some update rights over the data contained in
the database.
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2.1.4. Guest
These users are guests to the project. They have no control over the structure of the project and
only have read access to the requirements. This access allows a user to review, but not change
the requirements. Two guest users have been created with the usernames of guest1 and
guest2. The default passwords for these users are guest1 and guest2.

2.1.5. Changing Passwords
User passwords should be changed in RequisiteWeb upon initial usage, via the 'user profile'
link, and the 'modify user properties' option. For any problems with profiles, i.e. forgotten
password, the Administrator should be contacted.

3. CREATING USE CASES AND REQUIREMENTS

The RESCUE process requires that all requirements that relate to a use case, i.e. a non-
system level requirement, be embedded within the relevant use case, as per the use case
template. The use case details will be contained within a Microsoft Word document that
interfaces to RequisitePro. Therefore requirements will be created in the requirement database
via the Word interface. The option of creating requirements in Word is not available via the
RequisiteWeb interface. Therefore the quality gatekeeper will enter all requirements into the
database.

It is envisaged that the use cases and requirements for the project will be entered after the
gatekeeper receives an input request. Any changes to the use case or requirements after
creation will be done via a change request.

3.1. NEW USE CASE
For new use cases, the use case template in Table 12- 2 should be completed, as per details in
Table 12- 1, ensuring all mandatory fields are populated.  Any requirements that relate to either
the use case or use case actions, should be entered into the template, stating the name of the
requirement, if new, or the requirement ID if it already exists in RequisitePro.

3.2. NEW REQUIREMENTS
For new requirements, the requirement shell in Table 12- 4 should be completed, as per Table
12- 3, ensuring all mandatory fields are populated. A separate requirement shell should be
completed for each new requirement. The use case action and/or use case should be noted in
the ' Use Case/Use Case Action' field to ensure traceability, via the chosen name for new use
cases or the use case ID for existing use cases.

3.3. CHANGES TO USE CASES
For changes to existing use cases, there are 2 options on how to send changes:
• The use case template in Table 12- 2 can be used, completing the use case ID, and the

new data that should be inserted into the template, in addition to or instead of the existing
data. This should be forwarded to the quality gatekeeper for amendment in RequisitePro.

• The relevant document in RequisiteWeb relating to the use case can be downloaded into
Word, updated as above, and then forwarded to the gatekeeper for amendment in
RequisitePro.
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3.4. CHANGES TO REQUIREMENTS
Users have some update rights to modify attribute values for a requirement. These include the
attributes:
• Rationale
• Owner
• Stability
• Fit Criterion
• Customer Satisfaction
• Customer Dissatisfaction
Changes to these requirement attributes can be performed directly in RequisiteWeb, stating the
reason for the change in the 'reason' field in the revision properties area.

For changes to all other attributes of an existing requirement, the requirement shell in Table 12-
4 should be used; completing the requirement ID and the new data that should be inserted into
the shell, in addition to or instead of the existing data. This should be forwarded to the quality
gatekeeper for amendment in RequisitePro.

3.5. RESCUE USE CASE TEMPLATE

The use case template, stating the information required for each field.

Attribute Description
Use Case ID Unique ID for Use Case
Use Case Name Name of Use Case
Text Description of Use Case
Author Name of author
Date Date Use Case was written
Source Source of Use Case
Actors Actors involved in Use Case
Problem
statement (now)

Description of current problem

Précis Informal scenario description
Functional requirements Descriptions of all functional requirements associated with this Use Case
Non-functional
Requirement

Descriptions of all non-functional requirements associated with this Use
Case

Added Value Benefit of Use Case above and beyond the original scenario from the original
system

Justification Why is the Use Case needed in the future system?
Triggering event Event or events that can trigger the Use Case
Preconditions Necessary conditions for the Use Case to occur
Assumptions Explicit statement of any assumptions made in writing the Use Case
Successful end states Successful outcome(s) of the Use Case
Unsuccessful end states Unsuccessful outcome(s) of the Use Case
Different walkthrough
contexts

Different situations and contexts in which the use case takes place

Normal Course 1. Action 1
Descriptions of all functional and non-functional requirements related to
Action 1
2. Action 2
Descriptions of all functional and non-functional requirements related to
Action 2
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…
Variations 1.    If [condition] then [variation statement] (related to Action 1)

…

Table 12- 1 RESCUE Use Case Template
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Blank use case template, to be complete for use cases that need to be entered into
RequisitePro, via the gatekeeper.

Attribute Description
Use Case ID Issued by Requisite Pro
Use Case Name*
Text
Author*
Date*
Source*
Actors*
Problem
statement (now)
Précis*
Functional requirements
Non-functional
Requirement
Added Value*
Justification*
Triggering event*
Preconditions*
Assumptions*
Successful end states*
Unsuccessful end states*
Different walkthrough
contexts
Normal Course*

Variations

Table 12- 2 Blank Use Case Template

*Mandatory fields
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3.6. RESCUE REQUIREMENT SHELL

The requirement shell, stating the information required for each field.

Attribute Description
Unique Identifier Unique ID for Requirement
Name Name of Requirement
Description Description of Requirement
Rationale Why the requirement is considered important or necessary
Status Proposed, pending or approved
Owner Name of owner of requirement
Source Source of Requirement
Stability High, medium or low
Fit Criterion A quantification of the requirement used to determine whether the solution

meets the requirement
Customer Satisfaction A scale of customer satisfaction if the requirement is implemented. The

scale runs from 1 to 5 with 1 indicating that the customer is unconcerned
about the outcome and 5 indicating that the customer is very concerned

Customer Dissatisfaction A scale of customer dissatisfaction if the requirement is not implemented.
The scale runs from 1 to 5 with 1 indicating that the customer is
unconcerned about the outcome and 5 indicating that the customer is very
concerned

Dependencies The requirements that this requirement depends upon
Conflicts The requirements that this requirement conflicts with
Supporting Material Reference to supporting material for this requirement
Version History Date requirement raised, and dates and details of changes
Use Case / Use Case
Action

Relevant use case, use case action that the requirement relates to

Table 12- 3 RESCUE Requirement Shell

Blank use case template, to be complete for use cases that need to be entered into
RequisitePro, via the gatekeeper.

Attribute Description
Unique Identifier Issued by Requisite Pro
Name
Description*
Rationale*
Status Maintained by gatekeeper
Owner*
Source*
Stability
Fit Criterion
Customer Satisfaction
Customer Dissatisfaction
Dependencies
Conflicts
Supporting Material
Version History Maintained by Requisite Pro
Use Case/Use Case
Action*
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Table 12- 4 Blank Requirement Shell

*Mandatory fields

These templates, for creating and changing use cases and requirements in RequisitePro for
DMAN, can be found in the Appendix in RequisiteWeb, in the document 'Input and Change
Request Form' (DMAN-ORD/W07/CUL/0.2).

3.7. REQUIREMENTS RELATING TO MULTIPLE
USE CASES OR USE CASE ACTIONS.

Requirements may relate to more than one use case. In this situation the requirement should
appear wherever it is relevant. This can be done managed in RequisitePro by creating the
requirement in one use case, and then copying and pasting it into other use cases. To avoid
duplicating the requirement in the database, the copy and paste stores the requirement as a
static copy. However, this means that any updates made to the requirements have to be
manually changed for the static copy.

4. PROJECT DIRECTORIES
The RequisiteWeb application has been created with a number of high-level folders, which
conform to the required project structure for all projects within the ASA programme:

Figure 12- 1 High Level Folder Structure

4.1. ANNEX
This folder will contain the documents that form the Annex of the ORD. These include the
Acronyms used, the Definitions used, and the Safety Analysis. Blank documents have been set
up at this stage.

Figure 12- 2 Annex Folder
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4.2. APPENDIX
This folder will contain the documents that form the Appendix of the ORD. At present this folder
contains the Input and Change Request document.

4.3. ATTRIBUTES MATRIX
This folder contains an attribute matrix view for each requirement type used in the project.
These views allow the data in each requirement type to be viewed in a tabular format.

Figure 12- 3 Sample Attribute Matrix

4.4. INTRODUCTION
This folder will contain the documents that form the Introduction to the ORD. It is expected that
this folder will contain an Overview document for the ORD. This document should contain the
project identification, purpose scope and overview A blank document has been set up at this
stage.

4.5. TRACEABILITY MATRIX
This folder contains the traceability matrix views for the project. A view has been created for
each possible pair combination of the requirement types used within the project. The traceability
matrix view illustrates the relationships between requirements of the same or different types,
which is produced via Traced into and Traces out of links.  Suspect links are also shown, via a
red line through the arrow, links and suspect links, which occur when an attribute value for one
of the requirement is changed.

Figure 12- 4 Sample Traceability Matrix
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4.6. TRACEABILTY TREE
This folder contains the traceability tree views for the project. The folder is divided into two sub
folders Traced into and Traced out of. Within these sub folders a view is provided showing either
the links traced to or the links traced from each requirement type. The traceability tree
illustrates the relationships between requirements of the same or different types, and if viewed
at the top level, i.e. the use case requirement level, can show all the other requirements
associated with the use case in a hierarchical format. Again, suspect links are shown via a red
line through the arrow.

Figure 12- 5 Sample Traceability Tree

4.7. USE CASES AND REQUIREMENTS
This is the main repository for the requirements captured during the Rescue process. The folder
is divided into a number of folders; system level folder, which should contain requirements that
relate to the entire system, and various use case folders, which will contain the use case
document and the requirements specific to that use case.
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Figure 12- 6 Use Case and Requirement Folder

5. Requirement Types

A number of requirement types have been created for the DMAN project, which conform to
those in the RESCUE process. These requirements can be divided into three main types:
structural requirements, functional requirements and non-functional requirements.

5.1. STRUCTURAL REQUIREMENTS
These are not requirements in the true sense, but are used to provide a project structure. There
are three types of structural requirements: System Requirements, Use Case Requirements, and
Use Case Action Requirements. All functional and non-functional requirements within the
project must be linked to at least one of these structural requirements so that it is placed in
context, and that tracing can be managed via the traceability matrices and trees.

5.1.1. System Requirement
One requirement of the System Requirement type to provide a context point, where system
wide functional and non-functional requirements can be traced to. The system requirement
should be stored in the system level requirement folder.

The system requirement type contains the minimum information possible. This is limited to a
unique identifier issued by the Requisite Pro, a Name field, a text field and a version history.

Description This requirement type is used to create a
context point where system wide functional
and non-functional requirements can be traced
to.

Must Contain
Tag Prefix SYS
Allows External Traceability NO
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Table 12- 5 System Requirement

Unique Identifier Issued by Requisite Pro
Version History Maintained by Requisite Pro
Name A text field defining the name of the system
Text A text field describing the system

Table 12- 6 System Requirement Attributes

5.1.2. Use Case Requirement
A requirement of this type is created for each use case that the project contains. Each user
case requirement should be stored in the folder relevant to that use case. These requirements
provide a context point for use case action requirements, and functional and non-functional
requirements that apply to the entire use case.

Description This requirement type is used to provide a
handle for functional and non-functional
requirements that apply to the entire use case
and also to use case action requirements

Must Contain
Tag Prefix UC
Allows External Traceability NO

Table 12- 7 Use Case Requirement

Use Case ID Issued by RequisitePro
Name A text field defining the name of the use case
Text A text field describing the use case
Author A text field containing the name of the creator of the use case. This field

has been added as the creator of the use case will not be the user who
enters the use case into RequisitePro

Date The creation date of the use case in a date format. This has been added, as
there may be a delay in creating the use case and adding it to RequisitePro

Source A text field containing the source of the use case
Actors A text field listing the actors involved in the use case
Problem
statement (now)

A text field describing the current problem

Précis A text field providing an informal description of the use case
Functional requirements Links are created by tracing the functional requirement to the use case
Non-functional
Requirement

Links are created by tracing the non-functional requirement to the use case

Added Value A text field describing the benefit that the use case will provide above that of
the original system

Justification A text field describing why the use case is needed in the future system
Triggering event A text field listing the events that trigger the use case
Preconditions A text field giving the preconditions for the use case to occur
Assumptions A text field describing the explicit statement of any assumptions made in

writing the use case
Successful end states The successful outcome(s) of the use case in a textural format
Unsuccessful end states A text field providing the unsuccessful end outcome(s) of the use case
Different walkthrough
contexts

A text field containing the different situations and contexts in which the use
case can take place

Normal Course Links are created by tracing the use case actions to the use case
Links are created by tracing the functional and non-functional requirements
to the use case actions
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…
Variations
Version History Maintained by Requisite Pro

Table 12- 8 Use Case Attributes

5.1.3. Use Case Action
A requirement of this type is created for each use case action that an individual use case
consists of.
All use case actions must be traced to a use case requirement. These requirements provide a
context point for functional and non-functional requirements that apply to the use case action.
All use case action requirement types should be stored in the folder that is specific to the use
case see Figure 12- 6 Use Case and Requirement Folder.

Description This requirement provides a context handle for
an action within a  use case

Must Contain
Tag Prefix ACT
Allows External Traceability NO

Table 12- 9 Use Case Action Requirement

Unique Identifier Issued by Requisite Pro
Version History Maintained by Requisite Pro
Name A text field defining the name of the use case

action
Text A text field describing the use case action

Table 12- 10 Use Case Action Attributes

5.1.4. Variation
A requirement of this type is created for each variation to a use case action in the normal
course. All variations must be traced to all relevant use case action requirements. These
requirements provide a context point for functional and non-functional requirements that apply to
the variation. All variation requirement types should be stored in the folder that is specific to the
use case.

Description This requirement type is used to provide a
context handle for functional and non-
functional requirements that apply to a
variation on a use case action

Must Contain
Tag Prefix ACT
Allows External Traceability NO

Table 12- 11 Variation Requirement

Unique Identifier Issued by Requisite Pro
Version History Maintained by Requisite Pro
Name A text field defining the name of the variation
Text A text field describing the variation

Table 12- 12 Variation Attributes
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5.2. FUNCTIONAL REQUIREMENTS
This requirement type is used to capture the functional requirements of the system. All
functional requirements must be traced to a structural requirement type, i.e. system
requirement, use case requirement or use case action requirement. It is possible that a
functional requirement may be traced to more than one of these structural requirement types.
However if it is traced to the system requirement of the project then this should be the only
traced allowed to a structural requirement type within the project.

Description This requirement type captures the functional
behaviour of the future system.

Must Contain Shall
Tag Prefix FR
Allows External Traceability Yes

Table 12- 13 Functional Requirement

Unique Identifier Issued by Requisite Pro
Version History Maintained by Requisite Pro
Name A text field defining the name of the functional

requirement
Text A text field describing the functional

requirement.
Status An enumerated value giving the status of the

requirement. This may take the value of
Proposed, Pending and Approved with
Proposed being the default value. Only the
Gatekeeper or Administrator user may alter
this value.

Rationale A text field giving the rationale for this
requirement.

Source A text field containing the source of the
functional requirement.

Owner A text field containing the name of the owner
of this functional requirement.

Fit Criterion A text field containing the measurable fit
criterion for the requirement.

Stability An enumerated value giving the stability of the
requirement. This may take the value of High,
Medium, or Low with Medium being the default
value.

Customer Satisfaction A scale of customer satisfaction if this
requirement is implemented. The scale runs
from 1 to 5 with 1 indicating that the customer
is unconcerned about the outcome and 5
indicating that the customer is very concerned.

Customer Dissatisfaction A scale of customer dissatisfaction if this
requirement is not implemented. The scale
runs from 1 to 5 with 1 indicating that the
customer is unconcerned about the outcome
and 5 indicating that the customer is very
concerned.

Conflicts A textural list of requirements that this
requirement is in conflict with.

Dependencies A textural list of requirements that this
requirement depends upon.
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Supporting Material A textural reference to supporting material for
this functional requirement.

Table 12- 14 Functional Requirement Attributes

5.3. NON FUNCTIONAL REQUIREMENTS
This requirement type is used to capture the non-functional requirements of the system. All non-
functional requirements must be traced to a structural requirement type, i.e. system
requirement, use case requirement or use case action requirement. It is possible that a non-
functional requirement may be traced to more than one of these structural requirement types.
However if it is traced to the system requirement of the project then this should be the only
traced allowed to a structural requirement type within the project.

All non-functional requirements allow external traceability.

The following table gives the classification of non-functional requirements together with their Tag
Prefix.

Name Tag Prefix

Applicable standard AS

Availability requirement AR

Device requirement DR
Back-up requirement BR

Interoperability requirement IR

Look and Feel requirement LFR

Maintenance requirement MR
Performance requirement PR

Reliability requirement RR

Portability requirement PTR

Safety requirement SFR
Security requirement SR

Training requirement TR

Usability requirement UR

Table 12- 15 Classification of Non-Functional Requirements

Unique Identifier Issued by Requisite Pro
Version History Maintained by Requisite Pro
Name A text field defining the name of the non-

functional requirement
Text A text field describing the non-functional

requirement.
Status An enumerated value giving the status of the

requirement. This may take the value of
Proposed, Pending and Approved with
Proposed being the default value. Only the
Gatekeeper or Administrator user may alter
this value.

Source A text field containing the source of the non-
functional requirement.

Owner A text field containing the name of the owner
of this non-functional requirement.
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Stability An enumerated value giving the stability of the
requirement. This may take the value of High,
Medium, or Low with Medium being the default
value.

Customer Satisfaction A scale of customer satisfaction if this
requirement is implemented. The scale runs
from 1 to 5 with 1 indicating that the customer
is unconcerned about the outcome and 5
indicating that the customer is very concerned.

Customer Dissatisfaction A scale of customer dissatisfaction if this
requirement is not implemented. The scale
runs from 1 to 5 with 1 indicating that the
customer is unconcerned about the outcome
and 5 indicating that the customer is very
concerned.

Conflicts A textural list of requirements that this
requirement is in conflict with.

Dependencies A textural list of requirements that this
requirement depends upon.

Rationale A text field giving the rationale for this
requirement.

Fit Criteria A text field containing the fix criteria for the
requirement.

Supporting Material A textural reference to supporting material for
this requirement.

Table 12- 16 Non-Functional Requirement Attributes

6. DOCUMENT TYPES
Two document types have been created for the project.

6.1. ORD - OPERATIONAL REQUIREMENT
DOCUMENT

This document type is intended to be used for all the non-use case documents within the
project, i.e.
• Acronyms
• Definitions
• Safety Analysis
• Input and Change Request
• Overview

6.2. UCS - USE CASE SPECIFICATION
This document type is intended to store a use case for the project and the associated
requirements. A separate document should be created for each use case in the project and
stored in the folder related to that use case. An instance of this document type will also be
used for system level requirements, stored in the System Level folder. The default requirement
for this type of document is the functional requirement.

Where these documents contain a use case the Rescue Use Case Template, as seen in Table
12- 1 RESCUE Use Case Template, should be used to contain the information on the use case.
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13. Appendix C: DMAN Input and Change Request
Procedure
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Input & Change Request
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1.  INTRODUCTION

The input request is required for all use cases and requirements to be entered into the
RequistePro Requirement Management database for the DMAN project. The completed
document should be forward to the quality gatekeeper for insertion into RequistePro

1.1. NEW USE CASES
For new use cases, the use case template in Table 1 should be completed, ensuring all
mandatory fields are populated.  Any requirements that relate to either the use case or use
case actions, should be entered into the template, stating the name of the requirement, if new,
or the requirement ID if it already exists in RequisitePro.

1.2. NEW REQUIREMENTS
For new requirements, the requirement shell in Table 2 should be completed, ensuring all
mandatory fields are populated. A separate requirement shell should be completed for each new
requirement. The use case action and/or use case should be noted in the ' Use Case/Use Case
Action' field to ensure traceability, via the chosen name for new use cases or the use case ID
for existing use cases.

1.3. CHANGES TO USE CASES
For changes to existing use cases, there are 2 options on how to send changes:
• The use case template in Table 1 can be used, completing the use case ID, and the new

data that should be inserted into the template, in addition to or instead of the existing data.
This should be forwarded to the quality gatekeeper for amendment in RequisitePro.

• The relevant document in RequisiteWeb relating to the use case can be downloaded into
Word, updated as above, and then forwarded to the gatekeeper for amendment in
RequisitePro.

1.4. CHANGES TO REQUIREMENTS
For changes to existing requirements, the requirement shell in Table 2 can be used, completing
the requirement ID, and the new data that should be inserted into the shell, in addition to or
instead of the existing data. This should be forwarded to the quality gatekeeper for amendment
in RequisitePro.
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2. Blank Use Case Template

Blank use case template, to be complete for use cases that need to be entered into
RequisitePro, via the gatekeeper.

Attribute Description
Use Case ID Issued by Requisite Pro
Use Case Name*
Text
Author*
Date*
Source*
Actors*
Problem*
statement (now)
Précis*
Functional requirements
Non-functional
Requirement
Added Value*
Justification*
Triggering event*
Preconditions*
Assumptions*
Successful end states*
Unsuccessful end states*
Different walkthrough
contexts
Normal Course*

Variations

Table 13- 1 Blank Use Case Template

*Mandatory fields for new use cases
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3. Blank RESCUE Requirement shell

Blank requirement shell, to be completed for new requirements that need to be entered into
RequisitePro, via the gatekeeper.

Attribute Description
Unique Identifier Issued by Requisite Pro
Requirement Type*
Name
Description*
Rationale*
Status
Owner*
Source*
Stability
Fit Criterion
Customer Satisfaction
Customer Dissatisfaction
Dependencies
Conflicts
Supporting Material
Version History Maintained by Requisite Pro
Use Case/Use Case
Action*

Table 13- 2 Blank Requirement Shell

*Mandatory fields for new requirements
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14. Appendix D: Activity Modelling

This Appendix contains material used for the first tutorial at EuroControl.  The following pages
include the material that was presented orally during the First Tutorial held at the Eurocontrol
premises on the 6th of April 2001. The results from the two other tutorials (held at City University
on the 27th of April  2002 and at the Eurocontrol premises on the 14th of May 2001 respectively)
are presented in the main document.

Slide 1. Automation Philosophy

Over-reliance on automation has been widely expressed in the literature, particularly concerning
cockpit automation.  Lessons learned from relevant domains should inform the search for
requirements.

Process Requirement P-4: Findings from previous studies (such PHARE, CORA1,
ERATO) should be examined to learn whether a tendency to over-rely on automation
has been detected and discussed.

Slide 2. Rationale for developing an activity model

We are going to articulate what an activity model should focus on.  Prior to detailing the content
of an activity model, the nature of socio-technical systems will be discussed.  The aim is to
introduce the notions of non-prescribed goals, individual variability and constraints.

Requirements cannot be generated without an understanding of how practitioners interpret the
goals and constraints of the work domain by developing appropriate (or less than) strategies to
cope with them. If inconsistencies arise, then either the model or the requirements should be
reviewed.

Process Requirement P-1: The construction of an activity model is a necessary
condition for developing and interpreting requirements.

Slide 3. Characteristics of Socio-Technical Systems and
Consequent Design Issues

Properties Description Design issue
Large
problem
spaces

The amount of information generated by the system
is very high considering all of the possible ways that
information can be combined in an attempt to
develop expectations about future events

Development of information
systems that while supporting
workers in dealing with the
entire space of possibilities, do
not exceed workers’ resource
limitations.

Communicat
ion and co-
ordination

Practitioners must interact effectively to ensure a
safe control of the system.  For example in the civil
aviation domain, there is abundant literature
showing that effective team co-operation is crucial to
the safety of the system (Bowers, Blickensderfer;
Mell, 1992; Morgan, 1998; Morrow, & Rodvold, 1998;
Mosier, Skitka, & Korte, 1994; Orasanu, 1994).

Development of information
systems that while providing
more accurate information to
each individual operator, do not
make communication and co-
ordination less obvious (Fields,
1998; Hopkins, 1998).

Dynamic In dynamic environments, the controlled system’s
response to practitioner’s actions might be delayed
(minutes or even hours).  Planning and correct

How to support practitioners in
constructing a reliable mental
model of the system.
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timing of actions is crucial.  Anticipation and
planning are based on a conceptual understanding
of work domain functioning

Coupling In highly coupled systems, it might be difficult to
predict all of the effects of an action.  While a goal
might be achieved by a given plan, practitioners
have to consider whether other undesirable states
might result as a consequence of that plan.

The design has to allow for a
high degree of flexibility
because it is impossible to
incorporate in advance all of
the possible consequences of
an action

Uncertainty System data while of increasingly higher quality are
often associated with considerable uncertainty and
imprecision.

As data are made more readily
sharable, sources of
uncertainty might increase
because controllers are made
responsible for the updating of
the system information.

Openness Open systems present sources of disturbances that
by definition cannot be anticipated during design.
The safety of the system partly relies on the ability of
practitioners to face unexpected events. These
activities are said to be finishing the design and they
reflect adaptation of tools or procedures to local
conditions thus making the system more effective
and safer.

The design should allow for
variability while supporting
practitioners in recognising the
constraints defining boundaries
of acceptable states of the
system.

Slide 4. “Finishing the design”: Non-Prescribed Goals

Identify non-prescribed ways of achieving goals, the existence of non-prescribed sub-goals that
are nevertheless established by the community of practitioners to make the system more
effective.

P-2. Requirement:  Whatever level of (human-machine) system analysis is chosen,
if that level includes the description of goals, then non-prescribed goals should be
included as well.  Typically the existence of non-prescribed goals is inferred through
various knowledge elicitation techniques (e.g., in-the-fields observations, scenario
walkthrough, etc. )

Slide 5. Constraints

Any model of a complex socio-technical system has to include the notion of constraints
(Vicente, 2000). Constraints are important because they delimit the space of possibilities to be
considered.

P-7. Requirement: In understanding the domain it is important to identify what are
the constraints that make the system predictable and what are the degrees of
freedom justifying the observed variability.  Flows of traffic, for example, constraint the
search space for conflicts, allowing the identification of likely conflicts.  The
mechanical properties of an engine allow anticipating its rate of climb or descent
although some degrees of freedom translate in a range of permissible aircraft
behaviour.

Slide 6. Validity Domain
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For any tool supporting human activity, its scope should be identified with respect to the range
of known goals achievable within the activity particularly concerned by automation.

P-5. Requirement: The boundaries between what the tool will do and what are the
situations where controllers will need to rely heavily on their own perception and
judgement, need to be identified.

Slide 7. Monitoring in Nuclear Power Plants

Before discussing monitoring and diagnostic activity in ATC, an introduction of monitoring in
industrial process control, in particular in NPP, is presented to appreciate he relevance of the
topic across domains.

The question is not how to pick up subtle or more evident abnormal indication against a
quiescent background; rather it is how to identify and treat the relevant findings against a noisy
background.  Similarly for ATC the question is not how practitioners detect the abnormalities in
the midst of a well-ordered traffic flow; rather how they construct the relevant context within
which to interpret the selected data.

Slide 8.  Monitoring Variability in NPP

In the NPP domain a relevant finding is that operator’s response to alarms can vary widely.
Alarms might be explained by:

• Deficiency reports (short-term or long-term logs containing records of which components
are not working, which meters are not working, what is currently being repaired)

• Maintenance activity

• Some alarms might be ignored because they do not affect immediate operating goals or
because they cannot be cleared until the unit is shot down.

• Finally some alarm motivates a search for more information (additional resources).

Evaluating whether an indicator is normal or abnormal, depends heavily on which components
are broken, being repaired or working imperfectly.  The same set of indicators can be
acceptable in one context and threatening in another, depending on the operational status of the
unit’s components.

Slide 9.  Diagnostic Processes in ATC

Variability is a key feature in the control of complex socio-technical systems.  Sources of
variability in the diagnostic processes of air traffic control.  This study was undertaken in the
frame of a verification of a set of integrated tools to aid ATCOs in managing the en-route traffic.
The design hypothesis was that the tool had to take into account controllers’ variability in
diagnosis.  The objective was to demonstrate that variability among controllers and between
controllers and the automated system had to be interpreted with the aid of an activity model
centred in this case on diagnostic processes.

The reason that diagnostic activity is highly variable is because it is not limited to the verification
of future loss of separation although this assessment is part of diagnostics.  Formulating a
traffic conflict might imply deciding on who is going to solve the conflict, when is it going to be
dealt with, are pilots’ requests being taken into account, are adjacent sector requests being
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taken into account, are multiple evolutions considered? These are some of the factors that
come into play when deciding whether or not a situation might evolve into a conflict.

Slide 10.  Method

Controllers have been presented with six traffic images and asked which aircraft were to be
monitored for the safe evolution of a pre-selected “reference aircraft”.

Slide 11.  Results

The observed variability concern the number of “interesting” aircraft that controllers found
necessary to monitor with respect to the reference aircraft.  It can be noticed that between 8
and 10 controllers agreed on 40% of the identified aircraft, while 4 to 7 controllers agreed on
34% of the identified aircraft and finally 1 to 3 controllers agreed on 25% of the aircraft.

Inter-subject variability.

Higher group
8-10

34.4%

Lower group
1-3

Middle group
4-7

40.6%

25%

Distribution of answers among controllers

Slide 12.  Sources of variability in monitoring

The first one is trust in its own knowledge about the expected evolution of the a/c or trust in the
pilots’ ability or will to conform to controllers’ instructions or to the predefined flight plan.

The second factor is how many alternative developments are taken into account, the fewer the
possibilities ruled out the larger the “filtered image” and the higher the probability of diagnosing
possible conflicts.

Finally the third resource is risk management.  There’s no single, objective definition of risk, risk
is a social construct invented to cope wit the dangers, the undesirables and the uncertainties of
life.  Likewise there is no single objective definition of safety (Slovic, 1996).  For example airline
safety can be measured on several dimensions including the percentage of flights ending in
accidents relative to the total number of flights or the number of passengers relative to the total
number of travellers (Perrow, 1984).  The literature on classical decision making has identified
two attitudes: risk averse and risk-seeking preferences.  In our context, we define risk as related
to the probability of having to refine a plan with all the consequences and the probability of
finding oneself in an unanticipated situation.  This might lead to an increased workload at time
where controllers might be quite busy.
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development

high

multiple

limited

Diagnosis
positive

Diagnosis
possible

Diagnosis negative
(absence of
conflict)

unfavourablefavourable Attitude towards risk

low

 default
dge

Factors involved in the construction of a “filtered image”

The model shown states that the probability of producing a large (i.e., listing a high number of
aircraft) filtered image depends on the interaction of the three above-listed factors.  The less
trust in the default knowledge, the higher the number of alternatives considered and the higher
the risk averse preference, the higher the probability of generating a large image or a higher the
probability of detecting possible conflicts.

Slide 13.  Framing effects

The variability of diagnostic outcome depends, among other things, on the characteristics of
human cognition in the context of complex systems management.  Subjective risk assessment,
trust on its own default knowledge, trust on members of the team, trust in other partners
reliability, all affect the diagnostic outcome.

P-12. Requirement

The description of these soft-goals has a double implication for modelling:

- The outcome of diagnostic activity varies depending on the goals that are
considered.  Therefore non-prescribed goals have to be included in an analysis of the
activity.

- The detection of a conflict has to be “framed” in a perspective where diagnosis is not
only the projection of future trajectories, but it is also considered a higher level
regulating activity where compromises among competing goals (i.e., “keep the
workload low and be co-operative”) have to be worked out.

Slide 14.  Resource Management Strategies

In ATC, resource management strategies such as subjective risk assessment, subjectively
available time and workload assessment, have been shown to intervene in the diagnostic
activity.  Variability in resource management strategies accounted for individual differences,
among other things, in problem formulation and solution.
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P-10. Requirement: Modelling the activity in complex and dynamic environments
has to include an analysis of the external and internal resources and an analysis of
different resource management strategies.

Slide 15.  Deciding on the “best solution”

P-13. Requirement: Because the result of a diagnostic process reflects a
combination of factors, caution should be taken by the analyst in trying to establish
“the best” problem formulation.  Different diagnostic outcomes might reflect different
trade-offs between competing needs.

Slide 16 Action Plan

• Diagnostic is a multipurpose activity

• Because resources are limited, resources have to be managed

• Diagnostic is subject to variability

• Team co-operation and communication contribute to the outcome of the diagnostic process.

P-20. Requirement: The activity model for diagnostic processes in ATC should
include at least:

A description of prescribed and non-prescribed goals

Individual and collective strategies (i.e., information processing, problem solving and
decision making) for achieving those goals

Resource management strategies to cope with constraints

Inter- and intra- subjective variability to highlight controlling mechanisms

Slide 17

Activity model Context of investigation Underlying models of cognition
• Support the RE process;
• Identify prescribed and

non-prescribed goals for
diagnostic activity and co-
operation;

• Identify current and
possible individual and
collective strategies (i.e,
information processing,
problem solving and
decision making);

• Identify current individual
and collective resource
management strategies;

• Criteria for evaluating
performance;

• Determine internal and
external conditions of
acceptable to optimal

• On-line data collection
• Simulation
• Field observations

- OP Room with

advanced automation

- OP Room w/out advanced
automation

• Off-line data collection
• Brainstorming
• Scenario walkthrough
• Semi –structured

interviews
•  ………………………….

• Sequential Information
Processing System

• Cyclic Contextually-based
cognitive functioning
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performance.

Slide 18

P-17. Requirement:  One of the objectives of the activity analysis is to highlight the
goals to later relate them to the goals pursued by the automation.  System’s logic
should be clear to operators and explained in terms of goals that are relevant to their
current practices, as they emerge during the activity analysis.

Slide 19

P-19. Requirement:  One of the goals of modelling the activity controllers problem
solving behaviour is to identify which aspects of the performance might be affected by
the introduction of the automation.

Slide 20

P-21. Summary Requirement: The detection of the problem should not be treated
neither as an isolated event nor as a starting point of a problem solving process.  The
identification of a problem should rather be considered as the product of a number of
interacting factors, some of which have been discussed so far.

Slide 21

P-22. Requirement: The design of new information systems should support workers
in staying within the safe envelop and at the same time it should encourage individual
variability in as much as it represents flexibility and adaptability.

Slide 22

P-23. Requirement: The analysis of the activity should identify constraints of the
domain in order for the design to support practitioners in complying with them.


