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Abstract

The off-switch game framework has been instrumental in un-
derstanding corrigibility — the property that Al agents should
allow human oversight and intervention. In single-agent set-
tings, uncertainty about human preferences naturally incen-
tivizes agents to defer to human judgment. However, as Al
systems increasingly operate in multi-agent environments,
a crucial question arises: does corrigibility compose across
multiple agents? We introduce the multi-agent off-switch
game and demonstrate that individually corrigible agents
can become collectively incorrigible when strategic interac-
tions are considered. Through formal analysis and illustra-
tive examples, we show that corrigibility is not composi-
tional and identify conditions under which group incorrigi-
bility emerges. Our results highlight fundamental challenges
for Al safety in multi-agent settings and suggest the need for
new approaches that explicitly address collective dynamics.

1 Introduction

As artificial intelligence systems become more sophisticated
and ubiquitous, ensuring they remain aligned with human
values and subject to human oversight is increasingly criti-
cal. The concept of corrigibility — the property that an agent
should allow human oversight and be willing to be modi-
fied or shut down—has emerged as a central concern in Al
safety research (Soares et al. 2015; Russell 2019).

The off-switch game (OSG) framework introduced by
Hadfield-Menell et al. (2017) provides a formal foundation
for understanding corrigibility in single-agent settings. In
this framework, an agent uncertain about human preferences
naturally defers to human judgment rather than acting au-
tonomously, as waiting provides valuable information about
whether an action would be beneficial or harmful: if the ac-
tion would be harmful, then the human would turn the wait-
ing agent off; if the agent isn’t turned off, it can proceed to
take the action. This elegant result suggests that uncertainty
about human preferences can serve as a natural mechanism
for maintaining Al corrigibility.

However, modern Al systems rarely operate in isola-
tion. From autonomous trading algorithms interacting in fi-
nancial markets (Ferreira, Gandomi, and Cardoso 2021) to
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Al-powered defense systems monitoring for cyber threats
(Theron et al. 2018), artificial agents increasingly find them-
selves in multi-agent environments where strategic consid-
erations play a crucial role in decision-making. This raises
a fundamental question: does the corrigibility observed in
single-agent settings extend to multi-agent scenarios?

In this paper, we generalize the off-switch game to the
multi-agent case and uncover a concerning result: corrigi-
bility is not compositional. Agents that would behave cor-
rigibly when operating alone can become incorrigible when
strategic interactions with other agents are considered. This
breakdown occurs even when each agent, analyzed in isola-
tion, satisfies standard corrigibility conditions.

1.1 Example: Cyber Crisis Management

Consider a scenario where two nations have deployed Al
systems to monitor and respond to cyber threats. Each sys-
tem, designed with careful attention to corrigibility, would
naturally defer to human oversight before taking consequen-
tial actions when operating alone. However, in a crisis situa-
tion where both systems detect an imminent threat, strategic
competition can undermine this corrigible behavior.

If each system believes the other might act without
consultation, then waiting for human approval becomes
costly — potentially allowing the other nation to gain strate-
gic advantage. This creates a situation where individually
corrigible systems become collectively incorrigible, leading
both to act precipitously despite being designed to wait for
human guidance.

This example (which we define and analyse formally in
Section 4) illustrates the core challenge we address: strate-
gic interactions can transform prudent, corrigible agents
into systems that act autonomously, potentially with harmful
consequences.

1.2 Related Work

Concern about the requirement to be able to oversee and
switch off powerful Al systems is not new, and dates back at
least to Turing (1951). More recently, several authors have
noted that the risk of incorrigibility need not arise due to de-
liberate malice on the part of the A, but simply because self-
preservation is instrumentally useful in achieving most other
goals (Omohundro 2008; Bostrom 2012; Russell 2019).



Motivated by such concerns, researchers have attempted
to formalise this challenge, beginning with Soares et al.
(2015) who introduced the term ‘corrigibility’ and stud-
ied possible modifications of an agent’s utility function
that would make it willing to be switched off, but not in-
centivized to constantly switch itself off. Following this,
Hadfield-Menell et al. (2017) formalised the problem of cor-
rigibility via the ‘off-switch game’ (OSG)—on which our
work directly builds — showing that uncertainty about hu-
man preferences can serve as a natural mechanism for main-
taining Al corrigibility.

Later works have built upon these earlier formalisations in
directions that are distinct from, yet complementary to, our
own work. For example, Wingberg et al. (2017) generalize
the OSG by modelling the human as a rational player with
a random utility function, rather than an irrational player
with a fixed strategy; Garber et al. (2025) generalize the
OSG such that both the human and the agent have only
partial observability of the game; and Thornley (2024) pro-
vides several results about when we should expect incorri-
gibility to be a challenge. Some researchers have also pro-
posed possible theoretical solutions to the problem of in-
corrigibility, such as safely interruptible agents (Orseau and
Armstrong 2016), cooperative inverse reinforcement learn-
ing (Hadfield-Menell et al. 2016),! shutdown-seeking Al
(Goldstein and Robinson 2024), or agents that only have
preferences between trajectories of the same length (Thorn-
ley et al. 2024).

In addition to theoretical analysis in these works, others
have studied incorrigibility empirically. For example, Leike
etal. (2017) introduce a suite of reinforcement learning grid-
world environments including one that represents the off-
switch game, while other researchers have observed LLM
agents refusing to shutdown in order to complete their goal
(van der Weij, Lermen, and Lang 2023; Meinke et al. 2024),
even when explicitly instructed to the contrary (Schlatter,
Weinstein-Raun, and Ladish 2025).

All of the preceding literature focuses on the case of
a single agent. In contrast, our work is motivated by the
risk of incorrigibility in multi-agent settings, which has re-
ceived relatively little attention (Hammond et al. 2025; Man-
heim 2019). Indeed, the only work we are aware of on this
question is that of Dable-Heath, Vodenicharski, and Bishop
(2025), which considers settings with a single principal and
multiple agents. The results in their paper, however, focus
only on two simpler, special cases: a two-agent, two-action
game in which all agents have the same (Bernoulli) beliefs;
and a game with an attacker agent and a defender agent,
where the attacker agent does not know about the human
principal whereas the human principal knows the attacker
agent’s actions.

1.3 Our Contributions

We make several key contributions to the understanding of
corrigibility in multi-agent settings:

1. We formalize the multi-agent off-switch game, extend-
ing the single-agent framework to scenarios with multi-
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ple agents who must consider each other’s strategies.

2. We prove that individual corrigibility does not guaran-
tee group corrigibility, showing that strategic interactions
can lead to collectively incorrigible behavior even when
all agents are individually corrigible.

3. We analyze the relationship between different belief
structures and their impact on group corrigibility, show-
ing that certain classes of beliefs preserve corrigibility
while others do not.

2 The Single-Agent Off-Switch Game
We begin by reviewing the single-agent off-switch game
framework that forms the foundation for our multi-agent
analysis.

Game structure. In the off-switch game (OSG), an Al
agent A must make a decision while reasoning about a hu-
man H’s preferences. While we frame this as a “game” (fol-
lowing the original work of Hadfield-Menell et al. (2017)),
the agent is the sole decision-maker in our analysis — the
human’s behavior is modeled probabilistically by the agent
rather than being an active player.

The agent faces three options: (1) directly execute an ac-
tion (denoted by act), (2) wait for H’s approval before act-
ing (denoted by wait), or (3) shut itself off (denoted by
off). If the agent waits, the human (whose utility for act
is uacy € R) will either approve the action or shut the agent
off according to a policy 7y that depends on u,.¢. Both the
agent and human receive payoff u, if act is executed and
0 if the agent shuts off.

Agent beliefs and human policy. Agent A is uncertain
about the human’s true preferences and maintains a distri-
butional belief Ba over the utility u,c. Our analysis never
relies on the ground-truth u,.¢, but only on how agents eval-
uate actions under their own beliefs. We use uycc ~ Ba to
denote realizations from the belief Ba of agent A. The agent
evaluates actions based on expected utility:
ua(act) =E,_ B, [Uact], ua(off) =0.
Following Hadfield-Menell et al. (2017), we model hu-
man irrationality using the softmax distribution with irra-
tionality parameter 8 > 0. When presented with the choice
between executing action act (with utility u.c¢) and shut-
ting off (with utility 0), the human follows the policy:
elhact /B elact/B

i (tace) = etact/B 1 078 gua/B 1 1

As f — 0, the human becomes perfectly rational (always
choosing the action with higher utility), while as 5 — oo,
the human becomes maximally irrational (choosing uni-
formly at random).

Under this model, the agent evaluates the waiting strategy
by integrating over their beliefs:

ua(wait) = Ev.nBa [7TH (Uact) - uact}
Definition 1 (Single-agent corrigibility). An agent A is cor-
rigible if it weakly prefers to wait for human approval rather
than act directly:

ua(wait) > max{ua(act),ua(off)}.
If the inequality is strict, then the agent is strictly corrigible.



Corrigibility. The central result of Hadfield-Menell et al.
(2017) shows that under uncertainty about human prefer-
ences and assuming A believes the human is perfectly ratio-
nal, the agent will always be corrigible and is strictly corri-
gible when there is positive probability that the action could
be harmful (Pr,,__.5, [tact < 0] > 0).

2.1 Corrigibility Under Gaussian Beliefs

To build toward multi-agent analysis, we first establish struc-
tural properties of corrigibility in the single-agent setting.
We measure an agent’s corrigibility through the function

A(By) = uag(wait) — max{ua(act),us(off)},

where A(By4) > 0 indicates the agent prefers to wait for
human input, and A(B4) < 0 indicates the agent prefers to
act or shut down immediately.

Our first result reveals a symmetry property that will
prove essential for analyzing multi-agent coordination: if an
agent is corrigible when it believes an action has positive ex-
pected utility, then it remains equally corrigible when it be-
lieves that the action has the negated expected utility.> More
precisely, if B, is the distribution satisfying B, (—x) =
Ba(x) forall z € R, then A(Ba) = A(By).

Lemma 1 (Negation symmetry). Let B be a belief over the
utility of an action. Then its negated belief has the same level
of corrigibility. Formally, A(B) = A(B™).
Furthermore, this holds for any human policy w(x) : R —
[0, 1] such that w(x) + 7(—x) = 1, which subsumes 7(z) =
/8

e~
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For Proof, see Appendix A.1. We remark that Lemma 1
applies to any belief distribution B, provided the relevant
expectations exist.

Following Hadfield-Menell et al. (2017), we focus on
beliefs that follow a normal distribution N (u, o), which
provides analytical tractability while capturing the essential
trade-off between expected utility and uncertainty. We de-
note the normal density by

For Gaussian beliefs, we can precisely characterize the
boundary between corrigible and incorrigible behavior. The
key insight is that corrigibility is determined by the interplay
between the agent’s expected utility i, its uncertainty o2,
and how rational the human is 5. When the expected util-
ity is too extreme relative to the uncertainty — specifically,

2 . .
when |p| > 7 — the agent becomes confident enough in its
assessment that it prefers to act rather than defer. Conversely,

when |u] < %, the agent’s uncertainty is sufficient to main-
tain corrigibility. Thus, higher uncertainty enables corrigi-
bility even when expected utilities are further from zero. If
the model believes that the human is less rational (i.e. larger
(), this makes it more willing to act for a given amount of

uncertainty.

>The difference is that when the agent is incorrigible and
chooses act, the agent with the negated belief chooses off, and
vice versa.

Theorem 1 (Gaussian corrigibility threshold). Letr B =
N (p,02) be a utility belief with c > 0 and B > 0 be
the human’s irrationality. Then A(B) > 0 if and only if

2 2 . . 2
e [—(2’73, %ﬁ} and A(B) = 0 if and only if |u| = 55

For Proof, see Appendix A.2.
3 The Multi-Agent Off-Switch Game

We now extend the framework to multiple agents and for-
malize the concept of group corrigibility.

Model setup. Consider n agents A;, As,..., A,, each
capable of executing distinct actions act, acts,...,act,.
Each agent A; has three available strategies: directly exe-
cute their action (act;), wait for human approval (wait;),
or shut down (off;).

The strategy space is S = {act;,wait;, off;}", where
agents simultaneously choose their actions. Each agent A;
holds beliefs about the utilities stemming from different
combinations of actions. Note that while the beliefs each
agent harbours about each utility is (possibly) different, the
ground-truth payoff that each agent will receive will be the
same —it’s just that the agents are uncertain about what that
is. These beliefs are formally defined and instantiated in sub-
sequent sections.

Definition 2 (Group corrigibility). A group of agents are
corrigible if the set of (pure) Nash equilibria satisfies the
following:

1. the strategy profile where all agents choose to wait is a

Nash equilibrium,

2. and in every Nash equilibrium s, each agent weakly
prefers waiting for human approval over acting directly
or turning off.

Formally, for every Nash equilibrium s and every agent
i€ [n],
u;(wait;, s—;) > max{wu;(act;,s—;), u;(off;, s_;) }.

Conversely, a group is incorrigible if there exists a Nash
equilibrium s and some agent ¢ such that

u;(waity, s—;) < wi(si,s-q)
= max{u;(act;, s—;), u;(off;, s_;)}.

This captures scenarios where agents prefer to act
directly rather than wait for human approval. Fur-
ther, in our model, as in the single-agent model,
if any A; is indifferent between wu;(wait,;,s_;) and
max{u;(act;, s_;),u;(off;,s_;)}, then it will choose
wait;.

Reduction to single-agent. To study how multi-agent in-
teractions affect corrigibility, we compare agents’ behavior
in the group setting to how they would behave alone. For
this, we define a reduction from the multi-agent scenario to
a single-agent case in which we can ask whether a particular
agent ¢ is individually corrigible.

An agent ¢ is individually corrigible if, when all other
agents shut off, it weakly prefers to wait rather than act or
shut off. Formally,

u;(wait;, s—;) > max{u;(act;,off_;), u;(off;, off_;)}.



This reduction is motivated by the fact that in such scenar-
ios, the only agent with the option to act without human ap-
proval is ¢, effectively recreating a single-agent setting. We
are particularly interested in cases where agents that are in-
dividually corrigible may nonetheless become weakly incor-
rigible in the presence of other agents. This is a phenomenon
we call emergent incorrigibility.

4 Example: Cyber Crisis Management

We will produce an intuitive and reasonable scenario that
will illustrate the kinds of cases where emergent group in-
corrigibility could occur. We note that this case isn’t a di-
rect example of the theoretical framework we present in Sec-
tion 5, rather an illustration to develop readers’ intuition.
Two nations (H;, Hs) deploy Al systems (A, As) to
monitor and respond to cyberthreats. Each is individually
corrigible, when operating alone it would defer to human
oversight, but strategic competition can overturn this.

The scenario. A critical vulnerability in the global subma-
rine cable network threatens critical infrastructure. Both A
and A, detect early indicators via their nations’ intelligence,
with different vantage points. Available responses are pow-
erful but risky; delays risk unilateral solutions that prioritize
national interests.

The strategic dilemma. Developers adopt conservative
assumptions about adversaries. Anticipating the other may
act without consultation, each agent prefers to act immedi-
ately rather than risk strategic disadvantage. With symmetric
reasoning, both systems, individually corrigible in isolation,
become incorrigible when accounting for the other’s poten-
tial behavior.

Formal analysis. Model the interaction as a two-
player simultaneous game where each A; chooses from
{act;,wait;, off;}. Payoffs are:

Al \ Az — ‘ acts waity offy

act; 3,3 4,2 4,0
waitq 2,4 6,6 5,0
offy 0,4 0,5 0,0

These capture: (i) multilateral coordination premium:
(waitp,waits) yields (6, 6) via coordinated diplomacy; (ii)
first-mover advantage: acting while the other waits secures
one’s infrastructure and imposes delay on the other; (iii)
competitive action cost: simultaneous action (acty,acts)
creates conflicts and inefficiencies, yielding (3, 3).

Individual vs. group (in-)corrigibility. With A, fixed to
$9 = offy, for A; we have

up(waity, s2) > max{uj(acty, s2),us(offy, s2)},

so A; is individually corrigible (and Ay by symme-
try). The game nevertheless has two pure Nash equilib-
ria: (wait;,waits) and (acty,acts). By our definition,
the existence of (acty, acty) implies collective incorrigibil-
ity. Expectations of decisive unilateral action make acting a
best response for both, selecting the inefficient equilibrium.
Hence the systems are collectively incorrigible not because

individual conditions fail, but because strategic competition
admits the inferior outcome (3, 3) instead of the cooperative
optimum (6, 6).

5 The Analytical Two-Agent Framework

Building on the multi-agent off-switch game framework of
Section 3, we now formalize the specific belief structures
and scenarios we analyze. Our goal is to understand when
and how individual corrigibility composes to group corri-
gibility, which requires specifying how agents reason about
joint outcomes and each other’s actions.

The composition function. Consider two agents A; and
A, with individual actions act; and acts. Let uact, denote
the utility when only agent A; acts (and A, shuts off), and
similarly uact, for when only Ay acts. The utility when both
agents act simultaneously is given by a composition function
f i R? = R: f(Uact, , Uact, ) Different choices of f reflect
different assumptions about action complementarity, substi-
tutability, or interference. As we will show, the structure of
f critically determines whether individual corrigibility com-
poses to group corrigibility.

Agent belief distributions. Each agent A; maintains
probabilistic beliefs about all relevant utilities. Specifically,
agent A has:

* Belief B% OVer Uact, (the utility of its own action)
* Belief B% OVer Uact, (the utility of agent Ay’s action)

Similarly, agent Ay has beliefs B3 and B3 over these
same utilities. Importantly, while agents may have differ-
ent beliefs about the same underlying utilities, the actual re-
alized utility is common to all agents — they are uncertain
about the same ground truth. We assume these belief struc-
tures are common knowledge among the agents.

Following Hadfield-Menell et al. (2017), we mainly focus
on Gaussian beliefs. For analytical tractability and clear ex-
position, we focus our main analysis on the two-agent case.
This restriction is substantive rather than merely technical:
the two-agent setting captures the essential strategic tension
between individual and group corrigibility while remaining
amenable to complete characterization. Moreover, as our cy-
ber crisis example illustrates, many critical Al safety scenar-
ios involve bilateral interactions.

Payoff structure. The underlying game has a common-
payoff structure: when actions are executed, all agents and
the human receive the same realized utility. Specifically:

* If both agents shut off: realized payoff is 0 with certainty

* Ifonly A; acts ((acty, offs)): realized payoff is uact,

e If only A, acts ((offy, acts)): realized payoff is wact,

o If both agents act ((acty,actsy)): realized payoff is

f(uactl s uactz)

However, agents are uncertain about these utilities and
hold potentially different beliefs. While the realized pay-
offs are identical across all parties, agents’ expected utili-
ties differ based on their individual beliefs Bg For instance,
even though both agents receive the same utility uact, Wwhen
(acty,offs) occurs, agent A; expects EuacthB% [tact, ]
while agent A, expects Eua“l ~Bl [Uact, -



Al \ Az = acty

waito offo
act; E;[f (u1, u2)] E;[soft-avg(uy, f(u1,u2); 3)] E;[u]
wait; E,;[soft-avg(ua, f(u1,u2); 8)]  E;[soft-avg(0, uy, ua, f(ui,u2); 8)]  E;[soft-avg(0, ui; 8)]
off; E;[us] E; [soft-avg(0, uq; )] 0

Table 1: Expected payoffs for agent A; under different strategy combinations. Each cell represents the expected utility from
agent A;’s perspective, with expectations taken over the agent’s beliefs B} and B2.

A1¢\1A2H ‘ acto waito offo
act: fi2 max{u1, f1,2} U1
waitq max{uz, f1,2} max{0,u1,us, fi,2} max{0,u1}
offy Ua max{0, us} 0

Table 2: Payoffs in the ideal case with complete certainty
and perfect human rationality. In this scenario, wait is a
weakly dominant strategy for both agents regardless of the
composition function f, since a perfectly rational human
will always select the optimal outcome. f12 = f(u1,u2)
here.

Human policy under uncertainty. When agents choose
to wait, they defer decision-making to the human H, who
observes the true utilities but acts with bounded rationality.
As in the single-agent case, we model human irrationality
using the softmax policy with parameter 3 > 0. When pre-
sented with & options yielding utilities {v; } ;). the human
selects option ¢ with probability:

AN P p———
TH\Vi | \Yjsjelk]) = )

e’
For notational convenience, we define the softmax-weighted
average below, which represents the expected utility when
the human chooses among options {v; };c[x] according to the
softmax policy.

evi / ﬂ
k] 52 evilB
1€[k] Zje[k] evi
Expected utilities under different strategy profiles. We
now compute each agent’s expected utility for all strategy

combinations. For agent A; and any function g, we use the
notation:

soft-avg(vy, ..., vg; B) := Z

E;[9(tact, , Vact, )] = Euml ~ B} tace, ~B? [9(Uact, > Yact, )]

to denote expectations taken with respect to agent A;’s be-
liefs. The complete payoff matrix from agent A;’s perspec-
tive is given in Table 1. Several entries merit explanation:

* (acty,waity): Agent A; acts immediately while A,
waits. The human then chooses between allowing only
A, to act (utility uact,) or allowing both agents to act
(utility f(uact, , Uact, ), following the softmax policy.

* (waitj,waits): Both agents defer to the human, who
chooses among four options: both agents act (utility
f(tact, , Uact,)), only Aj acts (utility act, ), only Ao
acts (utility uact, ), or both agents shut off (utility 0).

* (offy,acts): Only agent Ay acts, yielding utility wacs,
with certainty.

Analyzing best responses. To understand when individ-
ual corrigibility composes to group corrigibility, we ana-
lyze each agent’s best responses conditional on the other
agent’s strategy. For instance, when agent A, shuts off (i.e.,
so = offy), we recover the individual corrigibility condi-
tion from Section 2:

ul(actl, Offz) = El[uactl]
ul(waitl, Offg) =K [SOft-an(O, Uact ; B)}
’LLl(Offl7 Offg) =0

Agent A; is individually corrigible if and only if:
up(waity,offs) > max{uj(acty, offy), us(offy, 0ffs)}

This corresponds exactly to the single-agent corrigibil-
ity condition, evaluated under agent A;’s beliefs Bl1 about

Uact, -

Benchmark: The ideal world. Before proceeding to our
main results, it is instructive to consider a benchmark where
both uncertainty and irrationality are eliminated. If agents
have complete certainty about all utilities (i.e., beliefs are
point masses) and the human is perfectly rational (i.e., 5 —
0), the payoff matrix simplifies to Table 2.

In this ideal case, waiting is weakly dominant for both
agents: a perfectly rational human with complete informa-
tion will always make the optimal choice among available
options. The challenge we address arises precisely because
real-world Al systems must operate under uncertainty about
human preferences, and humans exhibit bounded rational-
ity in their decision-making. These factors interact with the
composition function f in subtle ways that can undermine
corrigibility.

6 Main Results

Having established our framework, we now present our cen-
tral theoretical findings. We show that individual corrigibil-
ity does not guarantee group corrigibility by analyzing two
classes of composition functions: additive utilities where
corrigibility composes, and non-additive utilities where it
breaks down.
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Figure 1: Individual corrigibility for A; when A shuts off.
Plot shows the incentive to wait A; as a function of p; =
E1[tact, ] and po = Eq[taes,], Withoy =02 = 8 = 1.

Individual corrigibility. We first visualize individual cor-
rigibility to establish our baseline. Figure 1 shows the corri-
gibility of agent A; as a function of its beliefs, where agent
A, is assumed to choose off5. We plot

Ay = uy(waity, offo)—max{u;(acty, offy), us(offy, offs)}

across different belief parameters. The region between the
black lines indicates where A; > 0, corresponding to indi-
vidual corrigibility. Importantly, individual corrigibility de-
pends only on the agent’s belief about its own action’s utility
(1), not on its belief about the other agent’s action (f2).

6.1 Additive Utilities: When Corrigibility
Composes

We begin with the case where joint utilities are additive.

Definition 3 (Additive utilities). Agents have additive utili-
ties l:ff(uactl 5 uactz) = Uact, + Uacty-

Intuitively, additive utilities should preserve corrigibility
because they maintain the mathematical independence that
makes single-agent corrigibility work. Each agent’s utility
from waiting versus acting depends on the sum of indepen-
dent terms, preserving the relative preference structure from
the individual case. We formalize this through softmax de-
composition properties.

Lemma 2. Forany x,y € R:

* soft-avg(z + y,y; 8) = y + soft-avg(z, 0; B)
* soft-avg(z + y,z,y,0;8) = soft-avg(z,0;5) +
soft-avg(y, 0; 8)

For Proof, see Appendix A.3. These lemmas allow us to
analyze the key case where both agents wait. When both
agents wait, the human chooses among four possibilities:
both act (acty, acts), only agent 1 acts (acty, offs), only
agent 2 acts (offy, acty), or both shut off (off;, off3). Us-
ing Lemma 2:

up((waity,waits))

- Euactl yUacty [SOft'an(uactl + Uactg 9 uactl 9 uact27 07 5)]

= Euml [soft-avg(uacs,  0; B)] + ]Euact2 [soft-avg(Uact,, 0; 5)]

= uy(waity, 0ffy) + uj (offy, waits)

For notational convenience, we write uj(waity) :=
up(waity,offs) and uy(waits) := ug(offy,waits), giv-
ing: ui((waity,waits)) = wi(waity) + uq(waits). We
can similarly show that

ui((acty,waits)) = ui(acty) + up (waits),
and, wuq((offi,waits)) = ui(offy) + uq(waits).

In all three cases, the additional utility terms from As’s
actions cancel across A;’s choices, preserving the individ-
ual corrigibility preference. This also happens for when Ao
chooses to acty and off5. This leads to our main composi-
tion result.

Theorem 2 (Additive composition of corrigibility). Sup-
pose agents have additive utilities f(Uact, , Uact,) = Uact, +
Uact,- If each agent is individually corrigible, then

1. each agent remains corrigible when conditioned on any
strategy by the other agent,

2. (waity,waits) is a Nash equilibrium,

3. and if agents are strictly individually corrigible, then
(waity,waits) is the unique pure Nash equilibrium.

For proof, see Appendix A.4. Notably, we do not require
any assumptions on the belief distributions beyond existence
of the relevant expectations. Furthermore, the same reason-
ing extends to n agents: an inductive application of Lemma 2
shows that additive utilities preserve corrigibility regardless
of the number of agents.

Corollary 1. Under additive utilities, individual corrigibil-
ity is necessary and sufficient for group corrigibility.

Figure 2a illustrates this result by plotting the Nash equi-
libria as a function of belief parameters. For visualization
in two dimensions, we consider the special case where both

agents share the same beliefs: B! = BJ for j € {1,2}.

6.2 Non-Additive Utilities: When Composition
Fails

We now analyze non-additive composition functions, where
individual corrigibility need not compose to group corri-
gibility. Our analysis focuses on when agent A; prefers
(waitq,acts) over (acty,acts) and (offy, acts), as this
determines whether corrigibility is preserved when A be-
lieves the other agent would act.

When A5 commits to acto, Aq’s utility from waiting is:

u1((waity,acty)) = Eq[soft-avg(f(Uact, , Yacts )s Uacts; O]

To understand when corrigibility is preserved, we ana-
lyze:

up((waity,acts)) — ui((offy, acts))
= uy((waity, acts)) — Eq[tact,]
By simplifying the integrand:

ef(uactl 7uact2)/ﬁ . f(uactl , uactg) + e Wactg /B . Uacts
ef(uactl sUacto )/,8 + euact2 /B
e(f(uactl sUacty )_uactz )/ B . (f(

- uactg

uactl ) uactg) - uactz)
1 + e(f(uactl 7uact2)7uact2 )/6
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Note emergent incorrigibility.

and B} = B2. Complex group incorrigibil-
ity emerges.

Figure 2: Pure Nash equilibria across different utility aggregation schemes (all with 01 = 09 = 1, § = 1). In each region, the
two characters denote the equilibrium strategy profile, where the first character represents agent A;’s strategy and the second
represents agent A,’s strategy. The letters A, W, O stand for act, wait, off respectively. The dashed black box indicates the
individually corrigible region (intersection of single-agent corrigibility regions). The white region in (b) does not admit a Nash

equilibrium.

Define z = f(Uact,, Uact,) — Uact, as the marginal con-
tribution of A1’s action given that As’s action yields utility
Uact,- Then,

up((waity,acts)) — ui((offy, acts))

[ e?/B . 5
=1

m] = [E; [soft-avg(z, 0; 8)].

Similarly, for the comparison with acting, we have

uy((waitq,acts)) — ui((acty, acty)) = Eq[soft-avg(2’, 0; 8)],

where 2’ = Uacty — f(uactlvuactz) = —z.

Crucially, by Lemma 1 (negation symmetry), the
single-agent corrigibility condition for distribution
z is equivalent to that for —z. Since agent A; is
corrigible conditional on A, acting if and only if
both [Eq[soft-avg(z,0;8)] >  max{0,Eq1[2]} and
Eq[soft-avg(—2,0; 8)] > max{0,Eq[—z2]}, it suffices
to check only one of these conditions.

Proposition 1 (Marginal contribution principle). Agent A,
is corrigible conditional on agent A5 acting if and only if the
marginal contribution z = f(Uact,, Uact,) — Uact, Satisfies
single-agent corrigibility under agent A, ’s beliefs.

This principle shows that non-additive composition cre-
ates coupling between agents’ beliefs. We illustrate this in
Appendix B with examples where the composition function
is a constant-shifted additive in the utilities and when it is a
linear combination of the utilities.

This creates a fundamental coupling: which beliefs about
1o are compatible with corrigibility depends on ;. Conse-
quently, there exist cases where:

 agent A; is individually corrigible,

e agent A;’s beliefs about Ay would make A, individu-
ally corrigible,

* yet agent A prefers to act when conditioning on A act-
ing.

Figures 2b and 2c illustrate this phenomenon for two dif-
ferent parameter choices, showing regions where group in-
corrigibility emerges despite individual corrigibility.
Theorem 3 (Non-compositionality of corrigibility). There
exist composition functions f and belief structures such that

1. each agent is individually corrigible,
2. yet (waity,waits) is not the unique Nash equilibrium

In particular, this holds for constant shifts f = u; +uz ¢
or linear combinations f(u1,u2) = auy + yus with appro-
priate choices of («, ) and independent Gaussian beliefs.

The above examples show that even slight deviations from
additivity break the composition of corrigibility, demonstrat-
ing that the additive case of Theorem 2 is knife-edge rather
than robust.

7 Discussion

We conclude by highlighting key limitations and future di-
rections. While Theorem 2 generalizes to n agents under ad-
ditive utilities, it remains unclear how corrigibility scales
beyond two agents — whether failures intensify or coordi-
nation becomes easier as systems grow. Real-world settings
also involve richer strategic structures, such as sequen-
tial play, hierarchies, or communication, which could sup-
port coordination or enable manipulation, depending on the
mechanism. Our model assumes fixed beliefs, but belief for-
mation and learning in repeated interactions may reduce
uncertainty or introduce new instabilities. Finally, our results
motivate mechanism design for corrigibility: by encourag-
ing approximate additivity or rewarding deference, design-
ers can mitigate failures. The marginal contribution principle
(Proposition 1) provides a concrete tool for evaluating such
designs.



References

Bostrom, N. 2012. The Superintelligent Will: Motivation
and Instrumental Rationality in Advanced Artificial Agents.
Minds and Machines, 22(2): 71-85.

Carey, R. 2017. Incorrigibility in the CIRL Framework.
arXiv:1709.06275.

Dable-Heath, E.; Vodenicharski, B.; and Bishop, J. 2025.
On Corrigibility and Alignment in Multi Agent Games.
arXiv:2501.05360.

Ferreira, F. G. D. C.; Gandomi, A. H.; and Cardoso, R. T. N.
2021. Artificial Intelligence Applied to Stock Market Trad-
ing: A Review. IEEE Access, 9: 30898-30917.

Garber, A.; Subramani, R.; Luu, L.; Bedaywi, M.; Russell,
S.; and Emmons, S. 2025. The Partially Observable Off-
Switch Game. Proceedings of the AAAI Conference on Ar-
tificial Intelligence, 39(26): 27304-27311.

Goldstein, S.; and Robinson, P. 2024. Shutdown-seeking Al.
Philosophical Studies, 182(7): 1567-1579.

Hadfield-Menell, D.; Dragan, A.; Abbeel, P.; and Russell,
S. 2016. Cooperative Inverse Reinforcement Learning.
In Proceedings of the 30th International Conference on
Neural Information Processing Systems, NIPS 16, 3916-
3924. Red Hook, NY, USA: Curran Associates Inc. ISBN
9781510838819.

Hadfield-Menell, D.; Dragan, A.; Abbeel, P.; and Russell,
S. 2017. The Off-Switch Game. In Proceedings of the
Twenty-Sixth International Joint Conference on Artificial In-
telligence, 220-227. International Joint Conferences on Ar-
tificial Intelligence Organization.

Hammond, L.; Chan, A.; Clifton, J.; Hoelscher-Obermaier,
J.; Khan, A.; McLean, E.; Smith, C.; Barfuss, W.; Foer-
ster, J.; Gavenciak, T.; Han, T. A.; Hughes, E.; Kovarik,
V.; Kulveit, J.; Leibo, J. Z.; Oesterheld, C.; de Witt, C. S.;
Shah, N.; Wellman, M.; Bova, P.; Cimpeanu, T.; Ezell, C.;
Feuillade-Montixi, Q.; Franklin, M.; Kran, E.; Krawczuk, I.;
Lamparth, M.; Lauffer, N.; Meinke, A.; Motwani, S.; Reuel,
A.; Conitzer, V.; Dennis, M.; Gabriel, 1.; Gleave, A.; Had-
field, G.; Haghtalab, N.; Kasirzadeh, A.; Krier, S.; Larson,
K.; Lehman, J.; Parkes, D. C.; Piliouras, G.; and Rahwan,
I. 2025. Multi-Agent Risks from Advanced Al. Technical
Report 1, Cooperative Al Foundation.

Leike, J.; Martic, M.; Krakovna, V.; Ortega, P. A.; Everitt,
T.; Lefrancq, A.; Orseau, L.; and Legg, S. 2017. AI Safety
Gridworlds. arXiv:1711.09883.

Manheim, D. 2019. Multiparty Dynamics and Failure
Modes for Machine Learning and Artificial Intelligence. Big
Data and Cognitive Computing, 3(2): 21.

Meinke, A.; Schoen, B.; Scheurer, J.; Balesni, M.; Shah, R.;
and Hobbhahn, M. 2024. Frontier Models are Capable of
In-context Scheming. arXiv:2412.04984.

Omohundro, S. M. 2008. The Basic Al Drives. In Pro-
ceedings of the 2008 Conference on Artificial General In-
telligence 2008: Proceedings of the First AGI Conference,
483-492. NLD: IOS Press. ISBN 9781586038335.

Orseau, L.; and Armstrong, S. 2016. Safely interruptible
agents. In Proceedings of the Thirty-Second Conference on

Uncertainty in Artificial Intelligence, UAT’ 16, 557-566. Ar-
lington, Virginia, USA: AUAI Press. ISBN 9780996643115.

Russell, S. 2019. Human Compatible. Penguin LCC US.
ISBN 0525558616.

Schlatter, J.; Weinstein-Raun, B.; and Ladish, J. 2025.
Shutdown Resistance in Large Language Models.
arXiv:2509.14260.

Soares, N.; Fallenstein, B.; Armstrong, S.; and Yudkowsky,
E. 2015. Corrigibility. In Walsh, T., ed., Artificial Intel-
ligence and Ethics, Papers from the 2015 AAAI Workshop,
Austin, Texas, USA, January 25, 2015, volume WS-15-02 of
AAAI Workshops. AAAI Press.

Theron, P.; Kott, A.; Drasar, M.; Rzadca, K.; LeBlanc, B.;
Pihelgas, M.; Mancini, L.; and Panico, A. 2018. Towards
an active, autonomous and intelligent cyber defense of mil-
itary systems: The NATO AICA reference architecture. In
2018 International conference on military communications
and information systems (ICMCIS), 1-9. IEEE.

Thornley, E. 2024. The shutdown problem: an Al engi-

neering puzzle for decision theorists. Philosophical Studies,
182(7): 1653-1680.

Thornley, E.; Roman, A.; Ziakas, C.; Ho, L.; and Thom-
son, L. 2024. Towards shutdownable agents via stochastic
choice. Technical Al Safety (TAIS) Conference 2025.

Turing, A. 1951. Intelligent Machinery, A Heretical Theory.
Manchester, UK.

van der Weij, T.; Lermen, S.; and Lang, L. 2023. Evalu-
ating Shutdown Avoidance of Language Models in Textual
Scenarios. arXiv:2307.00787.

Wingberg, T.; Boors, M.; Catt, E.; Everitt, T.; and Hutter,
M. 2017. A Game-Theoretic Analysis of the Off-Switch
Game, 167-177. Springer International Publishing. ISBN
9783319637037.



A Omitted proofs
A.1 Proof of Lemma 1
Proof. Define

2(B) —Ems[ (x) - =],

Hence, u(wait; B) =
Since B(z) = B_(

2(B7) = Eon(-p) [z - m(2)] = Eynp[—y - 7(=y)].

For the human policy, we have m(—xz) = 1 — m(x). There-
fore,

2(B7) =Ey.p|—y(l —7(y))]
=Ey.p[ -y +yr(y)] = 2(B) - Eynlyl.

Let up := Ezop[z]. Thus z(B) — 2(B™) = up.

Recall A(B) = u(wait; B)—max{up,0}. By symmetry
of B and B, suppose without loss of generality that up >
0. Then,

A(B) = «(B)—pp,  A(B™) = 2(~B) = (B)—up,
hence A(B) = A(B™). O

) we have

A.2 Proof of Theorem 1

Proof. For brevity, we overload the notation and use
Ap) == A(N(p,0?)). By Lemma 1, it is sufficient to an-
alyze p > 0 as A(p) = A(—p). Assuming p > 0, action
act is preferred to off since u(act) = p > 0 = u(off).
Hence A(p) = u(wait) — u(act)

For Gaussian beliefs, d 5 ( Y0 (). Then,

v =
s = [ (S5 -) oue
=/6W+1 Puo () dz

a L ev/(26) 4 e—w/(zm
A standard Gaussian shift identity gives, for all x,

6—7/2[3

Vo) de.

2
tu+"7o2

ete . (P;L,a-(f) =e : (Pu+t<72,a(x)'

Combining the above with t = — 5=, we have

1
%7
oy P €T
T 28 T gp2 - .
Alp) = —e / 2/ (2B) 1 ¢—2/28 Pu-53.0
Since the integrand W (z) = 75— /w5y is an odd func-
tion (W (x) = —W (—x) for all ) and normal distributions
are symmetric, the above integration evaluates to 0 when
2 . 2
p— 55 =0,ie,p=
Furthermore, if p1 > 2 ,6 , then there is more weight on pos-

itive values of x compared to —z, and the integration eval-
uates to a positive number. Since the multiplicative factor
—e~1/(2B)+07/(85%) i always negative, we have A(u) < 0
for all p > % By similar reasoning, for p € [0, %) w
have A(p) > 0. Recall that by Lemma 1 we have A(u) =

A(—p). Thus, the corrigible range of i is [—< O

(z) dx.

¢}

35 25"

A.3 Proof of Lemma 2

Pr/oﬁof of Lemma 2. Part 1: By definition and factoring out
eY/ P
(z +y)e@+9)/B 4 yey/P
e(@+y)/B 4 ev/B
_ ezt y)e’’ +y)
o ev/B(ex/B 4 1)
(z +y)e”? +y
TeBrl
_ze®/ P+ y(e”/P 4+ 1)
B er/B 41
ze®/P

= il + y = soft-avg(z,0; 8) +

soft-avg(z +y,y; 8) =

Part 2: Expanding the numerator and denominator:

soft-avg(x + y, z,y, 0; B)
 (z+ y)e= /B 1 gem/B 4 yey/B 4
e@+y)/B 4 ex/B 4+ ey/B + 1
_ xe®/B(e¥/B 4 1) 4 yev/B (/P 4 1)
(ex/B +1)(ev/B + 1)
re®/B yey/B
T er/B1 | ev/B 1
= soft-avg(z, 0; 8) + soft-avg(y, 0; 8).00

A.4 Proof of Theorem 2

Proof of Theorem 2. We show that agent A;’s preference
for waiting over acting is preserved for all possible strate-
gies by agent As.

Case 1: Agent 2 acts. When A, chooses acty, by
Lemma 2:

up((waity,acty))

= Euactl sUacty [soft-ave (Uact, ;s Uact, + Uact,; )]
= Eu,.., [Uact,] + Euy,,, [soft-avg(vact, , 0; B)]
= Eq [Uuact, ] + u1 (waity)

ui((acty, acts))
= El [uactl + uactz] = ]El [uactl] + IE1 [uactg]
= uj(acty, offa) + Eq[tact,]

Since uj(waity;) > wi(act;) = wuy(acty,offy) by
individual corrigibility, we have wu;((waiti,acts)) >
ui((acty, acts)).

Case 2: Agent 2 waits. When A5 chooses waits:

up((waity,waits)) = up(waity) + ug(waits)

up((acty,waity)) = ui(acty, offa) + uq (waits)

Since  wj(wait) > ui(acty,offs), we have
up ((waity,waits)) > ui((acty, waits)).

Case 3: Agent 2 shuts off. This is precisely the individual
corrigibility condition.



In all cases, the additional utility terms from agent 2’s ac-
tions cancel across A;’s choices, preserving the individual
corrigibility preference. By symmetry, the same holds for
agent Ao, making (waity,waits) a Nash equilibrium. If in-
dividual corrigibility is strict, then waiting is the strict best
response in all cases, making it the unique pure Nash equi-
librium. O

B Applying the Marginal Contribution
Principle

Example 1: Additive with constant shift. Consider
S (Uacty » Uact,) = Uact, + Uact, + ¢ for constant ¢ € R.
Then: z = f(uactl ) uactg) — Uact, = Uact; + C

Agent A prefers (waity,acts) if and only if the shifted
distribution B} + c satisfies single-agent corrigibility con-
ditions. From Theorem 1, with ey, ~ N(p1,0%) and
o1 = 1, B = 1, the corrigibility region shifts from p; €
[-0.5,0.5] to uy € [-0.5—¢,0.5 — ¢].

For instance, if 41 = 0.4 and ¢ = 0.15, then 1 + ¢ =
0.55 > 0.5, making the agent incorrigible despite being in-
dividually corrigible.

Example 2: Linear combination. Consider
S (Uacty » Uact,) = QUacs, + YUact, fOr constants o,y € R.
Then:

Z = f(uactl P uactg) — Uacty = OUact, + (7 - 1)uactg

When waee, ~ N(p1,0?) and Uacr, ~ N(pz2,03) are
independent:

2~ N (apin + (7 — Dz, 0202 + (7 — 1)202)

From Theorem 1, the single-agent corrigibility condition

2
for Gaussian beliefs requires || < g—é, where y, and o?

are the mean and variance of the distribution. Applying this
to the marginal contribution z:

ool + (v —1)%03
253
For fixed p11, define the center and half-width:

lopr + (v — Dpea] <

o _ a3+ (v—1)%3

C = — J'5 w =
y-1 28|y -1
Then the corrigible values of pio satisfy g € [¢c — w, ¢+ w).
This demonstrates that ;; influences which beliefs about
12 are compatible with agent A ; remaining corrigible when
conditioning on A, acting. The center of the corrigible re-
gion for ps is —% 11, with bandwidth determined by the
combined variance o?0% + (y — 1)2%03.




