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Abstract

This paper contributes to the nascent debate around safety cases for frontier Al sys-
tems. Safety cases are structured, defensible arguments that a system is acceptably
safe to deploy in a given context. Historically, they have been used in safety-critical
industries, such as aerospace, nuclear or automotive. As a result, safety cases for
frontier Al have risen in prominence, both in the safety policies of leading frontier
developers and in international research agendas proposed by leaders in generative
Al such as the Singapore Consensus on Global Al Safety Research Priorities and
the International AI Safety Report. This paper appraises this work. We note that
research conducted within the alignment community which draws explicitly on
lessons from the assurance community has significant limitations. We therefore
aim to rethink existing approaches to alignment safety cases. We offer lessons from
existing methodologies within safety assurance and outline the limitations involved
in the alignment community’s current approach. Building on this foundation, we
present a case study for a safety case focused on Deceptive Alignment and CBRN
capabilities, drawing on existing, theoretical safety case “sketches” created by the
alignment safety case community. Overall, we contribute holistic insights from
the field of safety assurance via rigorous theory and methodologies that have been
applied in safety-critical contexts. We do so in order to create a better foundational
framework for robust, defensible and useful safety case methodologies which can
help to assure the safety of frontier Al systems.

1 Introduction

Safety cases are used to make clear, defensible arguments that a system is acceptably safe in a given
context. This paper considers the nascent approach to safety cases by those involved in and concerned
about frontier Al systems, which we term “alignment safety cases”. We argue that alignment safety

Second Conference of the International Association for Safe and Ethical Artificial Intelligence (IASEATI’26).



cases diverge significantly from many foundational methods found within safety-critical systems
methodologies, limiting their effectiveness. We present a critical appraisal of the existing approach to
alignment safety cases. We aim to recentre the debate using foundational and technology-agnostic
methodologies from the field of safety assurance.

Safety cases have traditionally been concerned with assuring safety-critical systems. Safety-critical
systems are those systems whose failure could result in loss of life, significant property damage
or damage to the environment [54]]. Safety assurance focuses on how to communicate, assess
and establish confidence in sufficient risk reduction in high-criticality domains, such as aerospace,
automotive, nuclear and chemical contexts [41]. The field, also known as safety science or systems
safety, incorporates research areas such as engineering [16], human factors within teams [73],
organisational culture [71]], and safety argumentation [36]. Safety cases have been used across
safety-critical industries for decades. They are best understood within safety science as structured
frameworks for thinking about the safety of a system, which should result in a compelling and
defensible argument about the system from development through to post-deployment.

Alignment safety cases are a growing field of research which aim to use safety cases to help to
assure the safety and alignment of frontier Al systems. Frontier Al systems are defined as highly
capable general purpose models which “match or exceed the capabilities present in today’s most
advanced models” [28]]. Alignment safety cases often include a particular focus on catastrophic
risks [144 20,135,157, 18] (Appendix B). We define the alignment safety case literature as the current
research direction and industry-adopted approach to safety cases by frontier Al developers. [Clymer
et al. and [Buhl et al.| are examples of initial research in this area, with later work at the U.K. Al
Security Institute building directly on Clymer et al./s framework [35} 57]].

This paper begins by presenting an overview of safety cases within safety-critical systems. It moves
to illustrate core issues with the alignment safety case literature’s understanding of and rationale
behind safety cases. We then introduce foundational methodologies within safety assurance, and how
these might be applied by the alignment safety case community. Finally, we close with a case study
illustrating a basic safety argument about two hazardous events - CBRN capabilities and Deceptive
Alignment - presented by frontier Al systems, and how a safety case and associated risk assessment
might respond to those hazardous events.

2 Safety-Critical Systems, Safety Cases and Frontier AI Assurance

An increasing body of work advocates for applying methodologies derived from safety-critical
industries and safety assurance to frontier Al [81) 22} [11]. On Knight’s definition, that safety-critical
systems are those systems wherein failure could result in loss of life or significant property damage
[54], frontier Al systems fit the basic definition of a safety-critical system in some deployment
contexts.

The safety case is a seminal technique within safety-critical systems. Safety cases are accompanied
by a rich body of academic and industrial literature and research. A safety case aims to offer “a
structured argument, supported by a body of evidence that provides a compelling, comprehensible
and valid case that a system is safe for a given application in a given operating environment.” [62]

Within safety-critical systems, there are various characterising features of safety cases, involving
argument structure [36], confidence assessments [37]] and a through-life process [62] i41]]. Safety
case arguments are often presented in graphical notations, such as Goal Structuring Notation (GSN)
[52]. Importantly, the safety case is a through-life document, developed from the start of system
development through to decommissioning [62]. Safety cases can therefore occasionally become
lengthy documents, involving both system level and component level analyses [41]].

The safety case was first introduced formally in the U.K. for the nuclear industry in 1965 [42]. An
increasing number of industries which aim to assure the safety of their systems have adopted safety
cases, from ML-based safety-critical systems within automotive [69]], through to healthcare [32]],
high-rise building safety [46], and Al systems themselves [41].



2.1 Alignment Safety Cases

This background to safety cases motivated those involved in assuring the safety and alignment of
frontier Al systems [20 [14} 48]]. The fact that safety cases have been used in safety-critical settings
explicitly form the justification of Buhl et al.|and |Clymer et al.s use of safety cases:

Clymer et al.: “We first introduce the concept of a “safety case,” which is a method of presenting
safety evidence used in six industries in the UK (Sujan et al., 2016). A safety case is a structured
rationale that a system is unlikely to cause significant harm if it is deployed to a particular setting.

Buhl et al.t “A safety case is a structured argument, supported by evidence, that a system is safe
enough to deploy in a given way (MoD, 2007). Safety cases are used in many safety-critical industries,
such as nuclear power, aviation, and autonomous vehicles (The Health Foundation, 2012; Inge, 2007,
Sujan et al., 2016)...However; there is still little clarity on what frontier Al safety cases would look
like and how they could be used.”

Since 2024, safety cases for frontier Al have received significant interest. Several significant reports,
such as the Singapore Consensus on Global Al Safety Research Priorities and the International Al
Safety Report [[L1}[10], use both |Clymer et al.| and |Buhl et al.|to define safety cases. This work has
also been referred to in both Anthropic and Google DeepMind’s inclusion of safety cases in their
safety frameworks [4, 24]. Furthermore, the U.K. Al Security Institute (AISI) made safety cases
a specific research agenda in 2024 [50]. Researchers at AISI have since built specific safety case
“sketches” and “templates” which have built directly on |Clymer et al.s argument subcomponents,
such as a “cyber inability argument” [35] and a “sketch of an Al control safety case” [S7].

Alignment safety case approaches vary significantly from long-established assurance practices in
safety-critical industries, despite borrowing the term, the basic idea behind the methodology and
the rationale for safety cases. While it is a novel field, alignment safety case arguments have been
presented in order to create justifications post development, upon deployment, as to why systems do
not display dangerous capabilities [20] , alongside continuous monitoring post-deployment. Post-
development justification of why a system is safe is only part of a broader aim of a safety case within
the assurance community, and we illustrate the limitations of this approach throughout this paper.

The alignment safety case work rarely or insufficiently considers that the safety case is a tool for
through-life consideration of how to mitigate eventual harms, hazards and risks. Although the
research is novel, illustrated by Hilton et al.’s open problems [48], we argue that alignment safety case
research is proceeding along a research direction which diverges significantly from the safety-critical
techniques it aims to borrow.

2.2 Rationale

There are multiple significant differences between the alignment safety case approach and the safety
assurance approach. One might argue that this arises from the novelty of advanced Al systems.
However, this paper suggests that lessons from the safety assurance literature remain appropriate to
mitigating issues with existing alignment safety cases.

Importantly, if the fundamental methods on which alignment safety cases are built are deeply divergent
from those of the assurance community, then the rationale underpinning (Clymer et al.|and Buhl
et al.[s papers for using safety cases breaks down, as both rely on the fact safety cases have been used
in safety-critical industries successfully:

Fact: Safety cases have been used in safety-critical settings.

Premise: Safety-critical settings provide useful scenarios and techniques which can be translated to
frontier Al systems.

Conclusion: Safety cases should be used to assure frontier Al systems.

Condition: If no relevant safety case techniques from safety-critical settings are translated to frontier
Al systems, then the premise underpinning the conclusion becomes irrelevant.

The alignment safety case literature clearly intends to incorporate the condition set out in the above
reasoning. Every article surveyed in Appendix B draws on safety-critical methodologies or literature
in some form: foundational papers rely on established safety case authors within their arguments



[48.114,120]. Similarly, the alignment safety case literature generally aims to use safety case notations
and references [8,, 135, 21} [131, 157, 156]].

We agree with the literature’s aims to incorporate novel techniques to the assurance of frontier Al
systems. Nonetheless, the motivation of this paper is to introduce relevant concepts that we believe
are directly translatable to the nascent alignment safety case literature. Without this grounding,
the underlying motivation for using safety cases becomes irrelevant and the concept of presenting
evidence upon deployment for the safety of a system should be rephrased.

2.3 Foundational Differences between Alignment and Assurance School

2.3.1 The Use of Assurance Literature

Some work within the alignment safety case community uses safety case literature in ways which
might be challenged by those in safety assurance. For example, one paper suggests ‘concretising’
safety case arguments into hard standards [20]]. Hard standards are rigid and static. Safety cases
are dynamic documents [26]]. Safety cases are not templates which are thereafter hardened into
rules. This proposal directly limits the underlying justification of safety cases, which is based in a
goal-setting regulatory framework which prioritises flexibility and context-specific safety arguments
rather than prescriptive standards [42].

There also appear to be issues within the construction of safety argument notations, a fundamen-
tal element of safety case construction [36]. For example, in one Claims, Arguments, Evidence
framework, a claim (C2.2: This Al System poses no risk of novel Cyberattack) is supported by
evidence instead of arguments [35]]. This misses a core aspect of safety case notation, which involves
evidence-based explanation and justifications of claims via argumentation [52]]. Other approaches
base safety case methodologies on ideas which would surprise safety engineers, such as the idea of a
‘national security safety case’ [68]]. Historically, safety cases and security cases have been separate
domains (despite efforts to integrate them), particularly within the defence context of national security.
This is encapsulated by [Alexander et al., which examines the application of assurance cases to the
security domain, noting in separate sections that “there are practical challenges in moving to security
cases” and that “there are significant differences between safety and [traditional] security” [3]].

One influential paper briefly suggests reviewing risk cases alongside safety cases [20], a recommen-
dation which has since been directly cited by the International Al Safety Report [11]. However,
risk cases are a method which have been reviewed and rejected by industry authorities, such as the
MOD, within safety assurance [32}[70]], and were covered in limited detail within the paper [20].
Furthermore, risk cases were initially designed to replace, not complement, safety cases [42, [70].

These issues demonstrate the importance of stronger collaboration between the safety assurance
community and those with expertise and deep familiarity with frontier Al safety.

2.3.2 Deployment vs development settings

Many alignment safety cases either refer only to deployment settings or cover development settings
in limited detail [21} 35} 120, 48]]. This work has to date omitted substantial discussion of foundational
through-life elements within systems safety. This might include altering development conditions in
response to certain concerns, such as altering pre-training techniques or post-training methods to limit
CBRN capabilities [19]]. It might involve management considering more abstract potential harms of
developing novel architectures prior to development, such as the risks involved in more performant
[43] but obfuscated chain-of-thought reasoning [S5]. It might also involve the pre-deployment testing
outlined by |Clymer et al.|and others in the literature, as well as steps taken post-deployment through
to decommissioning. While alluded to in the literature [35} 8| 48], the focus on through-life evidence
has been more limited.

The alignment safety case literature could be viewed as basing its interpretation of safety cases on the
idea that a system ‘is safe to deploy’. However, the justification for the system being safe to deploy
in this literature is not currently due to through-life assurance, as underpins the safety assurance
literature (e.g. ‘safe’ design and ‘safe’ deployment) [62] [32] |41]]. Instead, it is presented as safe
because the developer cannot find issues with the system upon deployment. |Clymer et al.|discuss
the safety case as applying to a specific ‘deployment window’. They silo this approach by noting
that they ‘specifically focus on deployment decisions’. While noting that their framework “could



also be adapted to decisions about whether to continue Al training" [20]], this necessarily separates
interrelated areas of a model’s lifecycle [20]. We believe this justification is insufficient: it would be
insufficient in any other safety-critical industry for a model developer to test a model on deployment,
without consideration of the broader system’s earlier decisions and processes, and then claim that it is
safe to deploy.

The use of post-development justifications for deployment within the alignment safety case literature
indicates a significant divergence from the safety assurance approach. By focussing on deployment
decisions, the alignment safety case literature necessarily argues why a system is safe to be released
because it does not do bad things upon deployment, rather than the fact that a system is safe because
developers have made careful decisions before and throughout the development and deployment
lifecycle. An equivalent distinction may be made between aerospace engines and frontier AI. Within
aerospace, systems are safe to deploy because certain engineering decisions have been made through-
out the development lifecycle to reduce the chance of physical harm occurring, not because when
planes are tested they do not crash. While testing is a part of pre-release, for example by testing
the impact of birdstrikes on propellers [30], it forms one of many steps within the safety argument
lifecycle.

More recent work, such as|Hilton et al.| includes discussion of this issue, but offers minimal detail.
Buhl et al.|briefly discuss through-life steps, drawing on best practice from the safety assurance
community. Hilton et al.|do mention actionable development steps and engage with the risk assessment
process underpinning a safety case, mentioning development and pre-deployment steps within this
process. However, this content is left relatively unexplored. For example, Hilton et al.|imply that
organisational and training culture arguments are only relevant for ‘low-capability systems’ [48]].
In contrast, one might argue that the higher the capability of a system, the more likely it is that the
system needs to be deployed within safe organisational contexts in order to mitigate catastrophic
risks from opaque systems.

Alternatively, [Hilton et al.|ask at the end of their paper “To what extent do current training pipelines
incentivize deceptive behaviour?”. This type of question is pertinent to a safety case, which often
deals with uncertainty [1]]. However, Hilton et al.| split safety cases into separate components, such as
a ‘pretraining safety case’ [48]], which would necessarily split the holistic pipeline of safety evaluation
into separate components, rather than acknowledging the complexity of frontier systems and the
interrelatedness of development steps. This undermines the strength of a safety case in allowing for a
holistic evaluation of a system, rather than individual components of a technology.

The omission in alignment safety case literature of through-life considerations within safety assurance
may have had an impact on how safety cases are viewed by those in the wider alignment community.
For example, [Bowen et al., who reference alignment safety case literature and the U.K. Ministry
of Defence, effectively strawman the safety case by stating that under the 1997 U.K. Ministry of
Defence Standards, “safety evaluations only need to confirm a single compelling safety case” [12].
This statement could be a response to either alignment safety cases or the idea of a safety case within
safety assurance. |[Bowen et al.|rely on the statement to justify that safety cases are insufficient, as
developers only need to present an argument about the model at pre-mitigation or post-mitigation
stage, and thereafter “testing can stop" [12]]. This appears to be a questionable interpretation of
Ministry of Defence safety assurance requirements. For example, the Ministry of Defence has various
comprehensive documents on through-life capability management [[7]. Similarly, the safety evaluation
of any safety-critical system does not stop upon release. This is among the most basic principles of
safety engineering, supported by a rich body of debate and evidence (e.g. criticised by Kelly|in 2008
as ‘Safety case shelf-ware’ [33]]). When military software or hardware is released, post-deployment
strategies for potential issues are constantly reevaluated until decommissioning [[7]]. It is feasible that
Bowen et al. have interpreted safety cases as they do due to the alignment safety cases conducted
within the broader field of alignment research. In either case, this issue illustrates the downstream
impacts of a misunderstanding of the foundational aims of safety cases.

We aim to respond to and build on these issues and interpretations of safety assurance perspectives
to recentre the debate around safety cases. We offer perspectives from safety assurance to illustrate
a deeper outline of a risk assessment underpinning a frontier Al safety case, where there may be
overlaps between safety assurance risk assessments and frontier Al risk assessments, and how that
might inform a safety argument.



3 Risk assessment

Risk management informs and underpins a safety case within safety science. The safety case therefore
reflects associated systematic risk management steps. This principle moves safety cases from “Paper
Safety” rubber-stamp documents through to a document which helps to assure that systems are safe
in a given context. Paper safety represents the idea that when safety cases are done incorrectly,
they can simply be confirmatory, bureaucratic exercises which rubber-stamp safety arguments [42]].
Existing criticism of safety cases within the alignment community indicates well that nascent work
on alignment safety cases may not sufficiently illustrate the risk management process throughout the
development lifecycle [38]. This approach could inadvertently fall into the trap of ‘paper safety’.

This argument is implicit in |Greenblatt’s criticism of safety cases for frontier Al, given he suggests
that the approach has bad ‘epistemic effects’ [38]]. |Greenblatt states that safety cases are not useful
tools because developers should instead focus on collecting evidence [38]]. In contrast, the focus
of a safety case within the safety assurance community should be to collate risk-based evidence
throughout the development process. |(Greenblatt, whether intentionally or inadvertently given his
work within the alignment community, echoes our criticism of alignment safety cases by drawing
on well-established debates within safety assurance. Furthermore, Bowen et al.|implicitly make this
criticism of alignment safety cases by interpreting a safety case as a justification that ‘confirms’ a
single document.

The alignment safety case literature evidently does not aim to produce confirmatory documents, given
there is significant rigour in the evaluative methods [20} [35, [8]]. Instead, we suggest that the idea
behind producing a safety case for frontier Al systems, as well as the testing methodologies presented
by the wider literature [8 |20} [13]], could form important parts of safety evaluation of frontier Al more
generally. We aim to ameliorate those issues here.

3.1 Risk and Hazard Identification

The typical way in which risk management is constructed within safety engineering involves identify-
ing hazards and hazardous events, assessing, controlling and monitoring the risk of these hazards,
setting out an acceptable level of risk, documenting those risks formally, and placing this information
into a safety argument which contextualises and justifies the risk management process and outputs. It
is an iterative and through-life process. Safety management within safety assurance always begins
with scoping the system and its context and identifying hazards or hazardous events and risks [60].

e Hazardous event: An event that can cause harm
e Hazard: Potential source of harm

* Risk: The combination of the probability of occurrence of harm and the severity of that harm

3.1.1 Hazards

There are various approaches to hazard analysis. Hazards must be approached consistently and defined
clearly, which is a key consideration for frontier Al. The identification of hazards or hazardous events
underpins safety assurance. There are new kinds of hazardous events presented by increasingly
advanced Al The focus in the alignment safety case literature is on catastrophically dangerous
misalignment [20, ]|, as well as associated hazards, such as those posed by CBRN capabilities
[[14]. Both approaches focus squarely on the capabilities presented by frontier Al systems, hence
the focus on novel hazardous capabilities. Hazardous events in ISO/IEC Guide 51:2014 appear to
be analogous to the term “threat model” used in the alignment literature for risks posed by frontier
systems themselves [20].

Nonetheless, model developers will have to identify which hazards or hazardous events are of concern.
It is unclear currently which hazardous events should be identified in a frontier Al system [48]]. Within
safety assurance, hazards are those which could cause physical, environmental or increasingly some
psychological harm [31]. Moreover, safety assurance has grappled with the expanding scope of harms
in safety-critical systems in recent years, towards sociotechnical understandings of how systems are
developed [29]]. This shift has been marked explicitly by the introduction of Al-based systems into
safety-critical settings [[15]. It has therefore been accompanied by considerable debate across the
field, building on an extensive body of academic, policy and industry best practice. The question of



who decides on which type of hazards should be included is a pertinent question for any suggestion
that a regulator will evaluate safety cases [23]].

The question of hazards and harms is perhaps more complex than it may initially seem. For example,
Clymer et al |suggest that any catastrophic harm is relevant. Other research is motivated by catastrophe
caused by scheming or potentially superintelligent models [S6]]. (Clymer et al.|define catastrophic
harm as ‘large-scale devastation of a specific severity’. Their definition involves “billions of dollars
in damages or thousands of deaths” [20]. |Buhl et al.|consider a broader scope of hazards, such as
ability for the model to assist with weapon creation [[14].

Misalignment could ostensibly cause many harms outside of catastrophic or existential harm. For
example, sycophancy could amplify bias or cause certain psychological harms [78]. However,
some definitions omit these harms in order to focus their safety analysis onto specific hazards [20].
Similarly, frontier developers have explicitly noted that their duties are not to push the frontier of
capabilities without suitable risk management processes [4} 24, [64].

However, there are potentially some inconsistencies in the current approach to hazard analysis. For
example, it is well-established that goal misspecification is a hazard [61]]. If goal misspecification
were present in some cases but not others, does it only become a hazardous event once it reaches
the threshold of causing billions of dollars of damages? Or when a certain amount of deaths
could be reasonably foreseen? Or is it only a hazard where the system is also superintelligent and
is intentionally scheming? If so, who decides? This is where risk management techniques and
associated goal-based policies begin to play an important aspect of safety argumentation.

3.1.2 Risk

Within safety management, the relevant and affected stakeholders, e.g. regulators, users and develop-
ers, need to decide on the amount of residual risk - necessarily existing risk - which they are willing to
tolerate. For example, within nuclear safety, there is always a risk, however minimal, of a radiological
spill, as this is core to the functioning of the plant.

Hazard Elimination The first line of defence within risk management is to eliminate hazards.
However, hazard elimination may not always be possible, particularly given the complexity of frontier
Al development, requiring risk reduction. For example, RLHF aims to align models with human
preferences, but there remains a risk of jailbreaks or harmful output [[18]].

Risk reduction There may be some hazards which developers are unable to remove. If you
are unable to remove a hazard, you aim to reduce the risk of the hazard (by targeting likelihood
and/or severity). For example, in a nuclear plant, you may introduce protective equipment for those
interacting with a harmful chemical substance which cannot be removed. Similarly, within frontier
model development, you may aim to introduce guardrails on a model at post-training or deployment
stage. For example, OpenAl and Apollo Research recently presented an implicit risk reduction
argument that they can substantially reduce the risk of scheming via deliberative alignment, from
over 10% to under 1% [76]. The remaining risk of scheming which is not covered by the technique
may fall under the residual risk accepted by the developer.

There are various approaches to analysing and reducing the risk of hazards in the literature. Risk
reduction can take on various forms. The framing of risk reduction can be broken down into two
parts:

1. Modify the design or operating procedure within model development or deployment:
For example, what decisions were made during pre-training or post-training to reduce the
likelihood of certain hazardous events occurring?

2. Reduce the severity of consequences: For example, mitigate who can use the model and
place guardrails to limit the model’s propensity to carry out harmful behaviours.

3.2 Risk reduction Methods

Qualitative assessments: The vast majority of alignment safety case analyses are qualitative,
engaging in debate or reasoning about the likelihood of misalignment. Outside of the alignment



safety case literature, authors who have written on frontier Al safety and considered safety-critical
systems also note the utility of quantitative assessments [22].

Qualitative arguments are therefore an accepted method in both the safety assurance and alignment
communities [37]. As a method for risk reduction, reasoning through the propensity of certain hazards
or threat models, and considering how those might be evaluated or red-teamed, can be a method
for reducing and assessing risk. For example, |[Shlegeris| notes a variety of ways in which one can
analyse or consider the propensity of a model to attempt to escape [80]. Sharkey et al.|discuss how
a safety case might be informed by a qualitative understanding of the internal characteristics of a
model, derived from mechanistic interpretability research [[77]. These approaches are familiar and
would implicitly be endorsed by those working on safety across disciplines.

Safety Integrity Levels: Another method through which risk reduction can be achieved in safety-
critical systems is to specify certain Safety Integrity Levels (SILs) which must be reached [72]. An
SIL is determined firstly by a risk assessment, which then outlines the target SIL required, before
considering what the relevant risk reduction factor must be and how the safety around that risk
reduction is achieved.

There is already a potential analogue in frontier Al safety: security levels, such as Critical Capability
Levels [24] or AI Safety Levels [4], set by frontier developers in response to voluntary commitments.
SILs tend to be underpinned by industry standards. Frontier Al security levels outline certain
capabilities which must be safeguarded against under certain voluntary commitments. Furthermore,
there is active research into standardisation within frontier Al [85}[74]. It would be useful to have
particular industry standards for the relevant subcomponents - or hazards - which form part of
these security levels. For example, within automotive, companies can follow the Automotive Safety
Integrity Level (ASILs) as defined in the international automotive standard ISO 26262 [67]. Despite
long-standing reservations about SILs [60], presenting equivalent standards in frontier Al for safety
cases could be an impactful research direction, helping to clarify the safety process and metrics
followed by frontier Al developers.

Deterministic methods and method transferability: It seems likely that many quantitative methods
from safety assurance may struggle to operate within the non-deterministic, highly uncertain field of
frontier Al. For example, the field of formal methods will likely struggle to cope with the complexity
of DNNs with general-purpose capabilities, given long-standing concerns about their utility and
practicality for more modest software systems [59]]. In contrast, some theories from systems safety,
such as emergence [58], may offer interesting insights to those grappling with emergent capabilities
of LLMs [82]. Others have pointed to the fact that early safety analysis of advanced Al systems,
particularly early reinforcement learning systems, is framed explicitly within the approach of hazard
analysis [44]].

As a result, we believe that there will be relevant techniques that can be transferred from safety
assurance to frontier Al and consequently applied to a risk assessment.

3.2.1 Residual risks

Once risks have been considered and analysed, there are some risks which will always be residual
and cannot be fully designed out. This is particularly pertinent to the context of LLMs, which present
a range of risks of uncertain quantity or harm. Safety cases for safety-critical systems would require
developers to document all actions taken to resolve these residual risks. The ‘risk owner’ or duty
holder is responsible for deciding whether to accept the risk or apply additional resources [45]. This
is implicit in many of the actions taken by frontier Al developers, such as safety documentation
[4) 24], system cards [6, 164} 25]] or model releases which trigger new security levels.

Residual risk analysis is feasible for frontier Al systems. An example risk reduction analysis of
CBRN capabilities at a basic level might involve breaking potential risks into various steps:

1. Analysis: CBRN capability is a result of pre-training data including information about
CBRN-relevant topics [19]]. This cannot be completely designed out, due to the scale of
pre-training data.

2. Proposed Solution: Given (1), one method might be RLHF (Reinforcement Learning from
Human Feedback). However, this method is imperfect [18]], so further guardrails may be
required to reduce the risk further.



3. Residual Risk Management: Introduce deliberative alignment [40] to reduce the residual
risk of harmful requests still outputting harmful content despite RLHF.

The risk owner may then choose to “own” or accept the risk of increased sycophancy due to RLHF
(18].

The benefit of this explicit process of risk reduction has a dual function: it provides validation
and evidence to system developers that they have considered risks as systematically as possible;
and it documents to others that they took relevant actions at correct stages by presenting processes
and arguments supported by their body of evidence. We present an illustrative example of the risk
reduction workflow for a scheming model in Appendix C, in line with the relevant ISO-IEC 51-2014
standard [66].

3.3 Risk reduction tools

There are various risk reduction tools available within safety assurance. Some of these tools are
alluded to by those in the alignment safety case literature. We explore briefly some relevant overlaps
between these tools and approaches by those in frontier Al safety.

3.3.1 Risk Assessment

The Risk Assessment within the safety assurance community tends to involve a quantum of probability
and severity of a hazard occurring. In a safety-critical risk assessment, if there were even a negligible
chance of a model deployment causing existential catastrophe or total dissmpowerment [20]], the
severity quantum would appear to be infinite, given the scale of the harm.

This indicates the need for rigorous, context-specific risk assessment. This conundrum is ameliorated
by using the “ALARP” principle - “as low as reasonably practicable” - which underpins safety
assurance regulation in the U.K. [42, 45]. Where a risk owner considers that it may be grossly
disproportionate to the improvement gained to continue to limit certain risks, they might choose to
deploy a system regardless [42]].

Risk assessments could take on various forms. When presenting system cards or certain pieces of
research, model developers implicitly present risk mitigations, such as evidence that a model will not
output CBRN-relevant content [65].

The aim of the risk assessment is to build an argument internally and externally that your system
will be safe. We argue that this could be a promising assurance method within frontier Al. Despite
potential differences in method, a risk assessment in both the alignment safety case and safety
assurance communities does need to take place in order to understand the threats posed by certain
model capabilities and behaviours, and thereafter to make an argument about the safety of the model.

3.3.2 Management tools such as Hazard Logs

Hazard logs are safety management tools which allow organisations to keep track of which hazards
must be mitigated. A hazard tracking system may also link to a hazard log, in order to allocate actions
to reduce the risk for each unacceptable hazard [63].

In some ways, the frontier Al community is already well-placed, with a rich body of associated
literature, to engage in hazard logging. Model developers publish and engage in evals [34]], blog
on safety concerns [51} 5] and publish system cards outlining potential risks and how they were
mitigated [6} (64, [25].

3.3.3 Setting derived safety requirements

Among the most significant challenges presenting safety cases for advanced Al is the setting of derived
safety requirements. Within other fields, we have seen that there are well-established regulations
and standards which set out industry-set obligations, which lead to derived safety requirements from
those obligations. Secondly, even if a safety case were not required by statute, standards bodies
and industry organisations can guide best practice. This is presently not the case within frontier Al
However, we note the importance of research directions aiming to ameliorate this concern, some of
which are ongoing [81]].



4 GSN-based Safety Argument

We present a GSN-based case study (Figure 1) which aims to show how a safety argument may be
supported by relevant risk-related evidence to present a clear argument, which can be interrogated
to increase confidence in the risk assessment and hazard analysis process. We present two example
hazardous events: Deceptive Alignment and CBRN capabilities. Hilton et al. recognise that there
are various open problems in the construction of a safety case for frontier Al systems, such as which
notation to use or which top-level goal to present [48]].

GSN is a widely used notation for capturing safety case arguments in high-risk industries, with 2014
evidence indicating that 3/4 of all UK military aircraft used a GSN-based safety case [33]] and NASA
publishing GSN-based studies in their research repository [27,83]]. We place the full argument in
Appendix A. The aim of developing the safety argument is to help those building it to consider the
steps they have taken to assure the system and consequently identify issues or gaps in that process.

The GSN (Figure 1), covered in full detail in Appendix A, begins at a top-level goal (Frontier Al
System does not lead to catastrophic impact). The top-level goal is supported by examination of
identified hazardous events (CBRN capabilities and Deceptive Alignment). Each hazardous event
is accompanied by supporting goals and evidence, which could be derived from an earlier risk
assessment, risk reduction or evaluation methods, or from derived safety requirements from existing
standards. Evidence in GSN, i.e. solutions, are not claims but references to data or results.

Control of the hazardous event is supported by arguments over through-life controls and mitigations,
split here into development, deployment and post-deployment. This highlights a holistic consideration
of model development, from pre-training analysis through to post-deployment monitoring. Each goal
is then supported by evidence.

These arguments combine to present a structured, auditable trail of the steps taken to achieve the
top-level goal by providing evidence that certain hazardous events have been controlled as thoroughly
as possible for deployment. We aim to build on this foundation in later work.

4.1 Future research

Governance infrastructure: Governance infrastructure underpins safety cases across safety-critical
systems. Within automotive, developers have ISO26262 [67]. Within energy, developers are required
to produce safety cases under The Offshore Installations (Safety Case) Regulations 1992. Existing
voluntary commitments and a growing body of policy-based work which interacts with frontier Al
safety frameworks may help to ameliorate the lack of relevant standards in frontier Al safety [85}81]].
We present this as a significant area for future research.

Argument patterns for LLMs: There is a rich body of literature on argument patterns for safety-
critical industries. Furthermore, there is a growing body of literature within alignment safety cases
on using certain patterns to assure LLMs. We hope to build on the work presented in this paper in
future work. Indeed, this work could build on cross-disciplinary frameworks presented elsewhere in
the assurance literature [15} 41} (9.

5 Conclusion

The alignment safety case literature has been immensely influential and it has provided a valuable
way of thinking about deployment-related risks. However, risk management and ensuing safety cases
require careful, through-life consideration around system capabilities. If safety cases are to make up
core components of frontier Al companies’ risk frameworks and be a global research priority, these
foundations need to be robust. Our work has aimed to set a new foundation for frontier Al safety
cases, recentring the work in best practice in safety assurance and novel alignment techniques.
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Technical Appendices and Supplementary Material

Appendix A: Full GSN walkthrough

System can Fault tree Argument by
tolerate single FO
component \\ for Hazard / elimination of
. H1 all hazards
failures \\
Goal Solution Strategy

/ All Identified
System | T‘
Hazards /

Undeveloped Goal
Context (to be developed further)

Figure 2: GSN Argument Blocks: [2]

@Q

Uninstantiated Undeveloped and
Uninstantiated —

Element Element {ACP identifier}

Figure 3: ACPs are used to indicate that a claim is accompanied by a confidence assertion. Uninstan-
tiated and undeveloped elements indicate goals or evidence which need to be completed with a more
concrete instance. [39]]
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R
Figure 4: The full GSN can be traced from a top-level goal down to supporting evidence for relevant
subgoals and strategies

The safety argument begins with a top-level goal, accompanied by assertions which include defined
terms:

Figure 5: The top-level goal is supported by examination of identified hazardous events. Each
hazardous event is accompanied by supporting goals and evidence, which is derived from an earlier
risk assessment and risk reduction or evaluation methods. Evidence in GSN, i.e. solutions, are not
claims but references to data or results. We focus on two of many potentially hazardous events. This
case study focuses firstly on Deceptive Alignment, a hazard which is defined with less certainty:

The argument then moves to sub-goals, which are supported by solutions in the form of specific
evidence:

Figure 6: Control of the hazardous event is supported by arguments over through-life controls
and mitigations, split here into development, deployment and post-deployment. Each goal is then
supported by evidence
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Figure 7: Control of the hazardous event is supported by arguments over through-life controls
and mitigations, split here into development, deployment and post-deployment. Each goal is then
supported by evidence

A.2 Appendix B: Alignment Safety Case Research

Ilustrative list of relevant safety case documents or research produced by the U.K. Al Security Insti-
tute, Apollo Research, Redwood Research and Frontier AI companies, or cited by the International
Al Safety Report. No cited work on alignment safety cases has undergone formal peer review, likely
due to the short timeframes within which the frontier Al community operates. The relevant source
relates to the correspondence email or publishing website of the research:

Title: Safety Cases for Frontier Al, 2024
Authors: MD Buhl, G Sett, L Koessler, J Schuett, M Anderljung
Source: Centre for Governance of Al [14]

Title: Safety Cases: How to Justify the Safety of Advanced Al Systems, 2024
Authors: J Clymer, N Gabrieli, D Krueger, T Larsen
Source: Independent [20]

Title: Safety Cases: A Scalable Approach to Frontier Al Safety, 2025
Authors: B Hilton, MD Buhl, T Korbak, G Irving
Source: U.K. Al Security Institute [48]

Title: Three Sketches of ASL-4 Safety Case Components, 2025
Authors: R Grosse
Source: Anthropic [3]]

Title: A sketch of an Al control safety case, 2025
Authors: T Korbak, J Clymer, B Hilton, B Shlegeris, G Irving
Source: Redwood Research, U.K. Al Security Institute [57]]

Title: An alignment safety case sketch based on debate, 2025
Authors: MD Buhl, J Pfau, B Hilton, G Irving
Source: Al Security Institute [13]

Title: Safety Case Template for Frontier Al: A Cyber Inability Argument, 2025
Authors: A Goemans, MD Buhl, J Schuett, T Korbak, J] Wang, B Hilton, G Irving
Source: Centre for Governance of Al [35]]

Title: Towards evaluations-based safety cases for Al scheming, 2025

Authors: M Balesni, M Hobbhahn, D Lindner, A Meinke, T Korbak, J Clymer, B Shlegeris, J Scheurer,
C Stix, R Shah, N Goldwosky-Dill, D Braun, B Chughtai, O Evans, D Kokotajlo, L Bushnaq
Source: Apollo Research [§]

Title: Al threats to national security can be countered through an incident regime, 2025
Authors: A Ortega
Source: Apollo Research [68]]

Title: An Example Safety Case for Safeguards Against Misuse, 2025
Authors: J Clymer, ] Weinbaum, R Kirk, K Mai, S Zhang, X Davies
Source: Independent, U.K. Al Security Institute [21]]

Title: How to evaluate control measures for LLM agents? A trajectory from today to superintelligence,
2025
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Authors: T Korbak, M Balesni, B Shlegeris, G Irving
Source: U.K. Al Security Institute [S6]

Title: Responsible Scaling Policy, 2025

Source: Anthropic [4]]

Title: Frontier Safety Framework 2.0, 2025
Source: Google DeepMind [24]

The list is intended to be illustrative rather than comprehensive, particularly given the fast-paced

nature of the field.

A.3 Appendix C: Risk Assessment Workflow

Only if risk reduction does
not achieve a tolerable
level of safety

e.g. a model displaying
clear misalignment may
need to be retrained
completely or not released
to all users

g

Start

I

Identify use and foreseeable misuse:
Model deployed internally to
researchers and begins to scheme

i

Hazard identification: scheming model
may have a range of unintended
consequential harms, including loss of
control

I
v

Estimation of risk: Unknown, but
sufficiently uncertain to evaluate

I
v

Evaluation of risk: potentially very
severe if a model schemes
successfully or prevents shutdown

Is the risk
tolerable?

No

Risk Reduction:
Pre-development: Introduce training
methods to reduce likelihood of hazard
At Deployment: Use SoTA evaluations
and associated methodologies or best
practice
v

Estimation of risk as required, e.g.
internal qualitative assessment

v

[ Evaluation of risk as required }

Residual risk
tolerable?

Yes

X
Risk Analysis

Validation and Documentation:
Pre-Development: Proceed to training
At Deployment: Ready to proceed

Figure 8: Risk Reduction Workflow [66]
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