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in each step of the development process. To develop safetycritical systems, organisations are often required to adopt such
processes, but their adoption can make it difficult to manage
requirements volatility, introduce new and emerging technologies, and can lead to substantial costs in producing and
maintaining documentation. Needless to say, Agile methods
are very attractive to software engineers and project managers
working in the safety domain, while posing difficulties and
challenges to safety engineers working in this domain.
Are Agile methods applicable to developing safety-critical
software systems? In [6], Boehm performs a comparative
study of Agile methods vs. plan-driven methods in developing
software and asserts that it is important to know which method
is applicable to what type of project. It was suggested that
critical systems require stable requirements, often have a
number of inflexible requirements, and that Agile methods
might not be best suited for such applications [7]. Research
into the suitability and applicability of Agile methods for
safety-critical software development is still at an early stage;
there is yet to be a successful application of an Agile method
to a safety-critical project reported in the literature.
This paper argues that the lightweight and iterative approach
taken in Agile methods can improve the development of
safety-critical systems. What it does not do is argue that Agile
methods are directly applicable to developing safety-critical
systems that require certification. The argument comes in three
parts. The first part briefly reviews the development processes
typically used for safety-critical systems, and contrasts them
with Agile processes. As a result, we argue that the iterative
and incremental style of agile development is not inherently
at-odds with the requirements of safety-critical systems development. The second part of the paper proposes an iterative
process for developing safety-critical software system; the
novelty of the process is in its definition of up-front design
(appropriate for the safety-critical domain) and the incremental
development of safety arguments (explained in the sequel).
While we do not claim that the process is agile, we do argue
that it is more likely that it is Agile than existing processes.
The third part of the paper is an overview of an example that
demonstrates how a safety-critical system can be developed
iteratively and incrementally, while also producing a safety
argument, which is generally required for certification.
Whether or not applying Agile practices can improve the
development of safety-critical systems is not a simple question
to answer; we argue that each development activity in existing
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I. I NTRODUCTION
Software systems in the safety domain are becoming increasingly crucial and complex. Safety-critical systems are
those where any failure is likely to result in the loss of human
life or the damage to the environment. In the past 30 years,
there is substantial evidence that software flaws can contribute
to accidents and failures involving safety-critical systems, e.g.,
Therac-25 [1] and Ariane 5 [2], and more recently Boeing
777-200 (registered 9M-MRG) [3] and the Toyota Prius1 .
The development of non-critical software systems prioritises
the satisfaction of customers requirements. In the case of
critical systems, the quality of the system is sometimes more
important, or at least as important as its functionality. In
terms of system quality, the system must comply with certain
standards or guidelines in its own application domain. DO178B [4] is such a guideline, and is accepted as a standard
against which avionics software is certified. Software in safetycritical systems is normally developed following specific,
precisely defined processes that are influenced by relevant
safety standards and guidelines, which mandate either steps
to be followed, or evidence to be delivered from the process.
Traditionally, the development of safety-critical systems is
approached following a rigorous heavyweight process – such
as the V model [5]. Such a process is characterised by emphasis on up-front design and the production of documentation
(typically for use by safety engineers or certifying authorities)
1 See CNN news, http://edition.cnn.com/2010/WORLD/asiapcf/02/04/japan.
prius.complaints/index.html
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Agile methods will have its own impact. This paper focuses on
the effect of two specific activities in Agile methods: lightening the up-front design of safety-critical system development
and iterative development of system and its safety arguments.

organisations into developing consensus standards or guidelines, which must be adhered to before any system of a critical
nature is commissioned. Those standards and guidelines are
means of specifying how critical systems should be developed,
based on best practices and past experience gathered over
many years.
In order to certify the quality of software, different standards
or guidelines are applied for different application domains.
For example, DO-178B, Software Considerations in Airborne
Systems and Equipment Certification, is such a guideline
in avionics domain. It is accepted as a means of certifying
software by the FAA (Federal Aviation Administration). In
general, standards and guidelines have at least two purposes.
On one hand, they aim to provide a way for the producers
of critical systems to determine whether the system they are
acquiring is free (to the greatest technical extent possible) from
defects which may result in losses; on the other hand, they
provide the developers of critical systems with guidelines on
how to develop such systems, so that the resulting products
will perform according to the stakeholders’ expectations.
Like most safety standards, DO-178B defines a framework
for the development process, rather than mandating a particular
process or process model. DO-178B addresses three separate
processes that comprise most life-cycles and describes the
interactions between them: a planning process, a technical
development process, and an integration process. While DO178B does not specify a process, it does identify objectives
which any process must meet. For each software product to
be developed according to DO-178B, a software life-cycle(s)
is constructed that includes these three processes.
In practice, heavyweight development processes currently
dominate industrial safety critical software development. Such
processes are widely accepted, are integrated with certification
standards, and are generally based on well-defined principles
(e.g., waterfall life-cycle model). Heavyweight processes also
share a common view of the phases which make up an ideal
software development life-cycle, namely analysis, design, implementation, and testing and integration.

II. BACKGROUND
In this section we review a typical safety-critical development process, and relate it to Agile processes for the purposes
of identifying commonalities and areas of incompatibility. This
in turn will help us to derive two key challenges that must
be overcome to allow safety-critical software development to
benefit from the principles and practices of Agile development.
A. Safety-critical software development processes
The typical process of developing a safety-critical software
system is generally time-consuming. Most such processes are
based on the V-model, which is illustrated diagrammatically
in Figure 1. This model identifies the major elements of the
development process and indicates the structured, and typically
sequential, nature of the development process. The sequential
nature of development is generally considered essential for
reasons of managing communication and scale, for scheduling
different phases and disciplines, for managing traceability
(which is mandated by relevant safety standards) and for
certification purposes.


 


  






 




 

 
 






 

B. Overview of Agile processes
Agile processes are in effect a family of development processes. Typical Agile development methods include eXtreme
Programming (XP) [8], [9], [10], Feature Driven Development
(FDD) [11], [12], [13], and Scrum [14]. Table I briefly
summarises the common features of these three Agile methods.
In terms of development process, each Agile method introduces its own life-cycle model. For example, the XP process
consists of five phases: Exploration, Planning, Iterations
to release, Productionizing, Maintenance and Death. By
comparison, a Scrum process has only three: pre-game, game,
and post-game.
We will not explore the details of these phases. We observe
that, despite different names for these phases in different
Agile methods, there is commonality, and it is not difficult
to produce a generic software development life-cycle model
(SDLC) for Agile methods, which is based on the tasks and

 
 
 

Fig. 1.

The V model of safety-critical system development [5]

The last phase in the life-cycle is certification, which
is often the most important concern of the critical system
development process. In order for a safety-critical system to be
put in service, it must be tested and evaluated by independent
third parties (i.e., a certifying authority) against demanding
and standardised criteria, in order to obtain a certificate for
release to service; we refer to this as certification although the
terminology used may vary between sectors.
The need for assuring the quality of systems in critical
applications has led governments and international regulatory
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Method
XP

Key Points
Customer driven development, small
teams, daily builds.

Special Features
Refactoring - the ongoing redesign
of the system to improve its performance and responsiveness to change.

FDD

Five-step process, Object-oriented
component (i.e. feature) based development. Very short iterations: from
hours to 2 weeks.
Independent, small, self-organising
development teams, 30-day release
cycles.

Method simplicity, design and implementation the system by features,
object modelling.

Identified Shortcomings
While individual practices are suitable for many situations, an overall
system view and management practices are given less attention.
FDD focuses only on design and
implementation, and needs other supporting approaches.

Enforce a paradigm shift from the
“defined and repeatable” to the
“new product development view of
Scrum.”

While Scrum details specifically how
to manage the 30-day release cycle,
integration and acceptance tests are
not detailed.

Scrum

TABLE I
G ENERAL F EATURES OF AGILE M ETHODS ( DERIVED FROM [15])

activities in each phase. We illustrate this generic life-cycle
model in Figure 2. The generic life-cycle model consists of
four phases: preparation, planning, short iterations to release,
and integration.
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In the integration phase, the system undergoes additional
testing and checking of satisfaction of environmental variables,
e.g., requirements. This phase is instantiated in phases Productionizing and Maintenance and Death of XP, and Postgame in Scrum.
There are commonalities between the generic agile lifecycle and the steps carried out in a plan-driven process (which
consists of four activities: analysis, design, implementation and
testing). More specifically, at the beginning and the end of an
Agile development process, software engineers have to do the
same sort of development activities (i.e., analyse and design
at the beginning, and test at the end), and in the iterations the
four activities are performed in the same sequence. Figure 3
shows the commonalities and differences between plan-driven
and Agile processes.

   


  



Generic development lifecycle of Agile methods




      



Different Agile methods may have different names for the
preparation phase, For example Exploration in XP, Pregame in Scrum2 , and Develop an overall model in FDD. The
development task in this phase is to understand the blueprint
and environment of the system. The product of this phase is a
package of current requirements or user stories which provide
materials for the next phase, planning.
Planning is the stage where the whole system is disassembled into pieces according to an appropriate priority index. For
example, in XP the user stories are prioritised and allocated
to the development iterations in phase Planning; and the
planning job is done in Pre-game phase of Scrum and the
stage Build a feature list and Plan by feature of FDD.
Once the objective of each development iteration is clear, the
system is constructed iteratively through many short iterations
of release. Short iterations of release is a key characteristic
of all Agile methods, although it goes by different names. For
example in Scrum, it is called the Game phase, whereas in XP
it is called iterations to release. Each development iteration is
short, usually 2 to 4 weeks. At the end of every iteration, tests
are carried out to verify and validate the release. When the
last iteration is completed, the system is ready for integration.
2 The




     






Fig. 3.

 

Plan-driven development vs. Agile development

The core differences between Agile and plan-driven processes are thus as follows.
1) Plan-driven processes have an up-front design (including
the analysis activity). Instead of planned design, the
design in Agile processes is evolutionary. Compared
with plan-driven processes, the shape of the system
rather than its detail are designed at the beginning of
an Agile process, which makes up-front design in an
Agile process lighter.
2) In plan-driven processes, implementation is normally
a monolithic activity, which also entails a monolithic
testing phase. In an Agile process, implementation (and
hence testing) are iterative and incremental.
In order to enable the development of safety-critical software systems using Agile processes, there are thus two key
requirements:

planning work is done in Pre-Game phase too.
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you need to communicate your approach to senior management to justify your project, or perhaps you need to create
documentation that describes your system to the people who
will be operating and/or maintaining/evolving it over time. If
you cannot identify why and for whom you are creating a
model then why are you bothering to work on it all?”
In Agile projects, the plan for iterative development effectively constitutes a form of up-front design. This plan is normally incomplete and focuses more on the shape (or abstract
architecture) of the software system rather than its detailed
design; FDD and Scrum both take this approach. However,
for safety-critical projects, the up-front design/plan needs to be
sufficiently detailed to serve as input to hazard analysis, which
in turn informs the safety analysis and certification processes
later. Checklists in some domains or systematic techniques
such as Functional Failure Analysis (FFA), are carried out
at the start of the development. As design progresses, more
detailed analyses are carried out using techniques such as
Fault tree analysis (FTA), Hazards and operability analysis
(HAZOP), or Failure modes and effects analysis (FMEA);
there is usually iteration between the design and analysis
processes, with issues found in analysis leading to design
changes. In the early stages of safety critical development,
the preliminary hazard analysis is based on an architectural
model of the system. Thus, an up-front plan for safetycritical software development must include not only up-front
architectural design but also up-front hazard analysis, and as
the architecture evolves, the hazard analysis must be extended.
The more critical the system (e.g., in terms of safety integrity
level), the more effort that may need to be put into hazard
analysis and into the software development to demonstrate
the integrity of the software. The question we must answer is:
for a specific project, how can we lighten its up-front design
load, while still achieving acceptable levels of detail in our
hazard analysis? Importantly, this gives us a precise notion of
sufficiency for our planning and up-front design.
Underpinning this question is a general issue about assessing the sufficiency and adequacy of software models in
general. It is difficult to define general-purpose criteria about
whether or not an up-front model is sufficiently accurate and
sufficiently detailed in an agile safety-critical software project,
because different hazard analysis techniques have different
information requirements. Table II summarises the information
needed for performing three of the most commonly used
hazard analysis techniques.
Table II indicates that a description of system structure
(i.e., system architecture in some style) is needed by all three
techniques. Beside that, to do a FTA on a certain failure,
the information of what may cause the failure is needed.
The information always comes from the experience of safety
engineers or historical data, not directly from the functional
design of the system. To do FMEA or HAZOP analysis,
engineers not only need to know the system structure, but also
the information of the effect of a failure on other components,
which sometimes comes from a detailed design of components.
In contrast, in an Agile process, the corresponding up-

“lighten” the amount of effort required in up-front design
of a safety-critical system,
• support iterative development.
Experience shows that there are few planned development iterations in industrial safety-critical system development
projects; these iterations occur typically at later stages of
the development process, e.g., coding and testing. In this
paper, we discuss the activities which occur at early stage of
development, i.e, designing and planning, which seem to be
a more constructive way to emphasise the benefits of Agile
development. In the next section, we describe our efforts
towards achieving these two requirements.
•

III. T OWARDS AN ACCEPTABLE AGILE P ROCESS FOR
D EVELOPING S AFETY-C RITICAL S OFTWARE S YSTEMS
We are aware of companies who say that they apply Agile
practices; however these are not well-documented (i.e, in the
public domain) and the notion of “incremental certification”
[16] remains an aspiration, albeit one which is being actively
researched. Although there are as of yet no detailed, evidenced
reports of an application of an established Agile process
successfully applied to a real-world, safety-critical software
project that requires certification, there have been a number
of research papers arguing that an Agile process, with some
customisation, can be applied to critical systems. This includes
work on developing both security- and safety-critical software
systems, and generally involve modifications to agile practices
(e.g., inclusion of greater use of model-based design and autocoding) [17], [7], [6], [18], [19], [20], [21], [22]. However,
current practice and current methods have been informed
by decades of experience on long-lived projects; the ability
to change current practice on projects that may take 20-30
years to deliver and deploy is both technically and politically
difficult. Thus, direct adoption of any new method is difficult,
though Agile methods offer their own distinctive challenges.
In principle, Agile software development is intended to
lead to a development process that is more responsive than
traditional plan-driven methods to customer needs. At the same
time, Agile processes aim to create software of better quality3 .
The quality of the target software system is based not only
the functionality, but also other aspects, such as reliability and
other non-functional properties. In principle, therefore, there is
no conflict between the principles of Agile processes and the
requirements of safety-critical software development projects.
Earlier, we identified two key challenges in adopting Agile
methods for building safety critical software systems: managing up-front design; and carrying out iterative and incremental
development. We now discuss each challenge in turn and
explain how these challenges can be overcome.
A. Up-front design in safety-critical project
Model with a purpose is a core Agile principle. In [23],
Ambler states that “with respect to modelling, perhaps you
need to understand an aspect of your software better, perhaps
3 www.agilemanifesto.org
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Hazard analysis
FTA

FMEA
HAZOP

authority against demanding criteria. To demonstrate that the
system is acceptably safe, a document, presenting a detailed
safety argument of how the safety characteristics of the system
are achieved, is normally required. Languages and tools exist
for constructing and validating safety arguments [24], [25].
When applying an Agile method to building a safety-critical
software system, evidence must still be produced and a safety
argument must still be constructed. However, with an Agile
method, we must find a way to incrementally build safety
arguments, so that we can reuse safety arguments for previous
releases in producing a safety argument for the current release. This is difficult because safety arguments are generally
monolithic and are constructed for complete software systems
[25].
In order to make it easier to construct safety arguments
for large systems, the use of modular safety arguments was
proposed [25], [26]. This approach allows safety arguments
to be developed in terms of modules with argument dependencies. An example of a modular argument structure is
shown in Figure 4. In this structure, a safety argument for the
whole system main contains three sub-arguments for arguing
over a particular module in the system. An argument about
all the (software) module interactions is made in a separate
(argument) module. There are no longer any links between the
module arguments as these no longer have the responsibility
to reason about their effect on other modules.

Information needed for analysis technique
A system failure (top event) to be analysed for
each fault tree; System structure layout; Component (or module) functional descriptions (may not
need the details of each function specification if
using qualitative analysis).
System structure layout; Failure modes and their
effect of each component.
System structure layout; A set of potential failure
modes of system in terms of key words; Failure
behaviours of each component.

TABLE II
I NFORMATION NEEDED FOR FTA, FMEA, AND HAZOP ANALYSIS
PROCESSES

front ‘plan’ requires an overview of the system architecture
and a user prioritisation of features; for example, a system
architecture model and a prioritised feature list are required in
FDD. We thus claim that, for an agile safety-critical software
project, the up-front design should produce at least a system
architecture model as well as functional requirements for each
component, along with a priority.
B. Iterative development and planning
Iterative development is perhaps the most important characteristic of Agile methods. Currently, the development of
a safety-critical system is not carried out iteratively and
incrementally (at least not deliberately at the fine-grained
level implied by Agile methods). This is in part because of
the mandated requirements of development process in current
safety standards and because of the multi-disciplinary nature
of safety-critical systems engineering (e.g., software engineers
must communicate with system engineers and safety engineers, and this communication must be carefully coordinated).
Nevertheless, we can propose an idealised iterative process
for safety-critical software development, where the release of
each iteration should come with evidence and an argument
that the release is acceptably safe. Here what we mean of
iterative development is not the iteration between development
and hazard analysis process, or the iterative development of
some detailed functional features of the system. We focus
on the plan and the development of the entire system. What
constitutes acceptable is dictated by the integrity level of the
software, the standard that is being targeted for certification,
the requirements of the certifying authority, and in some
circumstances, the requirement that the risk be reduced as
low as reasonably practicable. The point is to iteratively and
incrementally construct not only the software, but also the
argument that the software is acceptably safe, and to always
have an acceptably safe software system with each release.
A similar concept, namely evidence-based development4 has
been proposed recently.
As shown in Figure 1, the last phase of the development
process of a safety-critical system is certification. Certification
is a process whereby the system is evaluated by a certifying
4 See
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Modular argument structure

We identified that this technique can be adapted in an agile
safety-critical software project as one of references for the plan
of iterative development because the plan must take the anticipated safety argument structure into account, i.e., a package of
safety arguments and associated evidence should be produced
in one iteration. This introduces a potential point of tension.
Existing Agile methods suggest that each iteration should be
short, normally taking 2-4 weeks. However, the requirement
to produce a safety argument structure sometimes will need to
override the other requirements of iteration planning in order
to ensure that the release of each iteration is acceptably safe. In
other words, iterations may need to be extended in duration in
order to satisfy requirements for producing a safety argument,
since without this argument, the software cannot be deployed.
In each iteration, the software components are developed

http://www.integrate.biz/services mi ebd.html
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detailed (in terms of the behaviour of components, how critical
each component is, and what safety countermeasures are to be
used for each component) to support FTA. The preliminary
hazard analysis report was then fed in to the design stage of
the next functional development iteration. We do not include
the fault tree here due to space limitations.

while in parallel, the safety argument is produced (in typical
safety critical software development, the safety argument is
not produced by the software development team). Taking the
example of Figure 4, the safety argument for the entire system
requires four parts: the arguments for individual components
X, Y, and Z, and an argument for the interactions between
modules. Therefore, the system can be developed in at least
three iterations: each iteration produces a module and its safety
argument. The safety argument of interactions is produced
when the system is integrated at the completion of the third
iteration.

C. Iterative development
Based on the system architecture (Figure 5), the safety
argument for the system has six parts, which are the arguments
about the five components in the system and the interaction
between components. Besides these arguments, we also needed
to argue for the completeness of the interaction argument.
This means that we also needed to demonstrate that unintended interactions between components do not occur. The
development of the system consisted of six iterations. The
sixth iteration did not deliver new code, but produced the
safety argument of interactions and their completeness. The
structure for the safety arguments was presented in the Goal
Structuring Notation (GSN) [25], and is shown in Figure 6.
In the diagram, the safety argument of interactions, module
VWF, model Data Processor, and model Status Reader are all
packages which have a hierarchical architecture. Once these
packages had been designed, the structure of the related safety
argument package was developed in more detail.

IV. E XAMPLE
In attempting to evaluate our approach, we selected a
safety-critical avionics software application. The role played
by flight-critical avionics software in aviation safety makes
this an ideal test-bed, since avionics software is generally
required to possess a high Safety Integrity Level (SIL). The
questions addressed by work are whether the analysis of upfront design and the proposed techniques for targeted iterative
development are suitable for use in environments that demand
extremely low failure rates and adherence to safety standards
and regulations. The selected example can help evaluate the
lightened up-front design and iterative development to meet
the needs of safety-critical software projects.

V. E VALUATION

A. System overview

In the example, we found that, even for safety critical
software, the up-front design can be as simple as shown in
Figure 5; it must be detailed enough to allow the preliminary
hazard analysis to be performed. There is also an interesting
feedback relationship between the hazard analysis and the
development of functional components: the hazard analysis
can in turn help to determine where to best spend effort in
developing functional components.
The example also shows that a safety-critical software system and its safety argument can be developed incrementally;
however, the duration of each iteration may be longer than 2-4
weeks. Development iterations can potentially be shortened if
the internal architecture of each component (package) is designed at an early stage and the corresponding safety argument
is well-structured, e.g., using the GSN patterns and modular
framework presented in [26].
The example allows us to show the feasibility of carrying
out iterative development of a safety-critical software system
with a minimal up-front design, thus achieving our objectives.
However, one problem is that we cannot evaluate the quality
of the safety argument we made during the iterations. In other
words, we lack measurements that allow us to ensure that the
safety argument from each iteration and of the entire system
are sufficiently strong. Certain GSN patterns can potentially
help us to improve the weakness of the safety arguments. For
example, in Figure 6, by applying a pattern, we had to add
an extra argument to demonstrate that unintended interactions
do not exist. Even so, some arguments may be logically
incomplete or logically weak, which is not acceptable.

The software of interest is based on the example in [27]:
it constitutes an Integrated Altitude Data Display System
(IADDS). It is responsible for providing pilots with accurate
and understandable altitude data during flight. It is also responsible for issuing audible and visible warnings to pilots
whenever human-specified altitude limits are reached. The
system receives altitude data from two distinct sources: a
barometric altimeter and a radar altimeter (Altimeter). The
software processes altitude data via a data processor (DP)
and displays altitude data through a simple user interface
(GUI), which provides pilots with controls for selecting the
status modes (Status Modes), and enabling or disabling audio
warnings or visual warnings (VWF). Figure 5 illustrates the
IADDS conceptual architecture.
B. Up-front design and hazard analysis
Along with the functional and safety requirements of the
target system, we were given documents which specified
hardware failures (e.g., the failure behaviour of the altimeter)
and effects. Based on these documents, we produced the
system architecture shown in Figure 5. The software system
consists of five components: an altimeter, a warning system, a
data processor, a status reader, and a GUI. Among them, the
warning facility (VWF), status reader, and data processor may
be subsystems (and are represented as UML packages), while
the altimeter and GUI are components (UML classes).
Based on the hardware failures and effects information, we
performed a fault tree analysis on the system architecture;
as described earlier, the system architecture was sufficiently
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Fig. 5.

IADDS Conceptual Architecture

the area of Agile safety engineering is to identify, apply, and
evaluate the practices which may have already been existing in
safety engineering for many years so that the new adaptation
of those practices can enable and improve the agility of safetycritical systems. In the end, the “Agile” practices we found
may not change the nature of entire development process of
safety-critical systems because certification plays a significant
influence to the development of these systems. However, those
practices can improve the agility of the development bit by bit.
In this paper, we have argued for the potential compatibility
between Agile processes and safety-critical software development, and have proposed an iterative process for development.
The process in turn precisely captures the notion of sufficient
up-front design for safety-critical software: it is sufficient to
allow a hazard analysis to take place, which will ultimately
be used to derive a safety argument for the entire system.
We also outlined how to use safety patterns and a modular
notion of safety argument to enable the iterative development
of safety arguments, and the importance of aligning functional
development with development of a partial safety argument
(and also the importance of an argument supporting safe
interactions of components).
We are developing the work in two ways. Firstly, we are
applying the process to other safety-critical software systems,
but this time using other forms of hazard analysis and also
considering notions of requirements change and their impact
on the safety argument. Requirements change in safety critical
applications is not as common as in, e.g., the development

It is difficult to completely and convincingly argue that
our approach is an Agile process. In [15], Abrahamsson
proposed that an Agile process satisfies four characteristics:
incremental, cooperative, straightforward, and adaptive. With
the exception of the first characteristic, these notions are
subjective and difficult to evaluate without substantial user
testing; user testing is more difficult in the safety domain
since different users from different engineering disciplines
(e.g., software, mechanics, electrical) are involved. The only
thing that we can conclude is that a process is not Agile if it
is not iterative. Therefore, we argue that our process has the
potential to be an Agile process, providing that it is evaluated
as being acceptably cooperative, straightforward and adaptive
for practitioners. Our overall conclusion is that a notion of
acceptability must be inherent in any detailed definition and
evaluation of agility.
VI. C ONCLUSION
The advantages of Agile methods, demonstrated in many
non-critical software projects, have attracted the attention of
researchers and engineers in the safety domain. While there
has not been a successful, documented deployment of existing
Agile methods on a real industrial safety-critical project, there
is room for optimism about their applicability and suitability.
Software development practices have been existing in software
engineering for many years, those Agile methods have chosen elements which comply with Agile principles from the
“toolbox” of those practices. What we have been doing in
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Safety Argument Structure in GSN

of information systems, but when it does occur it can have
substantial impact on software architecture and may invalidate
the entire safety argument [7]. We are attempting to identify
patterns of requirements change that can lead to more manageable changes to safety arguments, so that (at least) we can
potentially predict the impact of requirements change on the
safety argument.
Secondly, we will investigate the acceptability of our approach to both safety-critical software engineers as well as
agile practitioners. The challenge of adopting new techniques
in the safety community is a difficult one to overcome,
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