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Abstract
Generative AI models reproduce the biases in the data and further amplify them through mode 
collapse. AI scholarship often overlooks conceptually rich perspectives, such as those from 
Queer Theory and Black Studies, when theorizing about those phenomena. As a result, our field 
lacks a theory with teeth, one sincerely committed to pluralism. In this paper, we introduce 
Xenoreproduction as a core AI Safety objective, aimed at avoiding homogenization failure 
modes. Succinctly, Xenoreproduction is the task of strategically recovering and exploring 
collapsible modes in Gen AI models. To illustrate it, we sketch how this task is formulated 
for LLMs. Our formalism ties queerness and subalternity to the collapsible modes. Our 
abstractions readily spark conversations about CoT dynamics and improvisation capability in 
agents. To render AI xenoreproductive is to ensure it adapts under uncertainty, invents new 
solutions, and behaves creatively. We invite future AI scholarship to form more unruly 
connections between disciplines.
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1. Introduction
AI Safety [1] and AI Alignment [2] usually differentiate and prioritize future catastrophic risk over 
present social harm [3]. The field has been described as nearly a monoculture [4], and it has been 
pointed out [5] that it needs to consider the multiplicity of perspectives already available [6,7]. 
This paper is an intervention1 [9]: We borrow concepts from Queer Studies [10–12], Black Studies 
[13], Feminist Theory [14], Postcolonial Studies [15], Party Studies [16], and Psychoanalysis [17], and 
we stretch them to connect them intimately with AI theoretical concepts.

All AI models inherit biases [18] from multiple fronts, including the way we conceptualize 
research, the evaluations we design [19], and the policy around technology. In the context of Gen 
AI, we focus on bias from the training data and the algorithms themselves. The harms from 
bias are usually categorized as representational [20] or allocational harms [21]. With the advent of 
LLMs into our daily lives [22], we are noticing that GenAI has a powerful homogenizing force [23–
25]. This is making us also consider2 the narrative harm: the harm of diminished interpretative 
resources to understand our own experience and consider alternative possibilities. Over time, 
this present harm would lead to future knowledge collapse [31], the narrowing of perspectives 
over generations that degrades innovation and human experience.

Our case. Deriving terminology from [14], we refer to the objective that addresses the 
homogenization failure mode as Xenoreproduction. While homogenization reproduces “the 
same” and narrows the future, Xenoreproduction reproduces “the other”/“the strange” and 
widens possibilities. We formally connect Xenoreproduction to mode collapse, queerness, and 
subalternity.

Impact. Our work calls for AI scholarship to seriously engage with queerness and subalternity 
to both advance core AI capabilities (e.g., improvisation) and truly prevent existential risk from 
knowledge collapse, homogenization, and amplification of social bias into breakdown.

Paper Organization. In Background, we will go over some definitions and context. In Xeno-
Theory, we will relate queerness and subalternity to the collapsibility of modes. Then, we will 
formally define Xenoreproduction and discuss some additional considerations. In Related Work 
and Discussion, we will connect Xenoproduction with adjacent fields, such as active divergence 
[32]. In Limitations and Future Directions, we will propose the next steps, and we will close 
with Conclusion.

Our contributions:
• We provide a flexible abstraction for structures in strings that we relate to mode collapse.
• We transport concepts of queerness and subalternity to abstract mathematics, and 

contextualize them in relation to mode collapse.
• We formulate Xenoreproduction as the objective to prevent homogenization failure modes.
• We connect Xenoreproduction to improvisation capability.

1Just one of the [8] many much-needed interventions.
2Also considered as aspirational [26], imaginative [27], epistemic [28] or hermeneutic [29,30] harm/injustice
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2. Background
We present the sources of homogenization known in the literature: data bias and mode collapse. 
To explain the ideas in this paper, we will focus on autoregressive LLMs as our case study and 
propose an abstraction for the structures in LLM outputs

2.1 Data Bias

We will refer to the vast corpora of data used for training of AI models as the archive.
Previous literature [33] has identified how bias is introduced to training data. We name the 
stages as:
• Archival Capture: How well the archive mirrors “reality”
• Dataset Formation: How well we sample from the archive to form training datasets

For either stage3, we can ask: How faithfully does the derived distribution map to the original 
distribution? We can consider some base criteria for faithfulness :
• Reach: Is the map surjective? Are there unmapped holes?.
• Lossiness: Is the map injective? Does the map cause conflation?
• Agreement: How similar/accurate is the derived to the original distribution?
• Sharpness: Does the map preserve precision and resolution?
• Modality Adequacy: If there is a change in modality, do we lose practical structure?4.

Even if the archival capture and dataset formation were ideal in every way, reality itself has 
problematic distributions: There are always rare events of interest in the long tails of 
reality’s distribution. Obvious examples of this are extreme catastrophes [34] like unexpected 
natural disasters. Curiously, in research itself [35], unexpected teams [36] often cause the most 
significant disruptions [37]. We find examples of this in every domain, including: web server 
computing [38], market research [39], autonomous vehicles [40], cybersecurity [41], and ecology [42].

Outliers [43] and anomalies5 [44] are powerful [45,46]. Each instance represents a possible real 
mechanism we have not yet considered [47,48]. Because we lack understanding, they often 
escape our systems of classification [49], and many researchers even sometimes mistake [50] 
aleatoric for epistemic uncertainty6. How can we make sure our Gen AI models attend to 
the interesting structures that exist in the long tail of reality’s distribution?

Some of reality’s long tails originate from the structural inequity in society [53,54]. Some people 
are not only marginalized, but they are also rendered invisible [15]. The subaltern consists of 
the marginalized people whose voice (and sometimes any representation at all) is kept 
out of the archive. [24] has already pointed out that GenAI without intervention is likely to 
worsen the lives of the subaltern.

In the epigraph of this paper, we quote trans intellectual bundle_of_stynx lamenting the 
current deathly transphobic turn in the United States, and also realizing social media will hold 
a record of her memory. There will always be people pushed into the subaltern, but the internet 
has allowed (and forced) many to leave a record of their traces, which just a few decades ago 
would only have existed as ephemera [11].

3Reality -> Archive or Archive -> Dataset
4We could map an image to text, but this mapping is only bijective if the text explicitly encodes every pixel 

value: essentially a very long string, which is impractical.
5outlier = extreme data point and anomaly = extreme pattern
6For instance, [51] recently showed how indeterminism in LLM inference (which can turn on-policy RL into off-

policy RL [52]) can in fact be explained an reduced, so it is not truly stochastic.
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These traces are not merely rare but also hard to detect. While some rare events (such as 
catastrophic earthquakes) receive rigorous study, these traces remain faint in the archive. We 
do not even know what to look for, even when they are right in front of us [55].

To close this subsection, we quote [12] to describe how we imagine our GenAI models would 
tend to those faint signals in the archive:
• By reading “dominant archives through the minor, and for their gaps, slippages, and erasures”
• By paying “close attention to the regional, the everyday, the personal, and the discarded that 

typically fall outside the purview of official archives”
• By suggesting “alternative understandings of time, space, and relationality that are obscured 

within dominant history”

2.2 Mode Collapse

Recent literature [56–58] has shown that Alignment degrades LLMs’ capabilities related to output 
diversity. Similarly, generative models [59] do not generally capture the complete diversity of 
the training data. This phenomenon has been referred to as mode collapse, a distributional 
faithfulness failure that negatively impacts diversity. It was initially introduced in the 
context of GANs [59]. For LLMs, terminology has been somewhat loose around both mode 
collapse [60] and diversity [61,62].

Traditional Mode Collapse

Real-World or Archive Distribution Mode Collapse [59]

Generalized Mode Collapse

Mode Dropping [63,64], No Breadth [65]

or Coverage Collapse [60]

Overgeneralization [66]

or Mode Interpolation [67]

Collapsing Variance [60] Degeneration [68]

or Catastrophic Forgetting [62,69]

Figure 1: Mode collapse has been used to describe different failures in distributional faithfulness 
from the real-world distribution. Note, however, that not every failure in faithfulness will 
be a mode collapse. Xenoreproduction, in particular, resists simply mirroring the default 
distributions of our world.. In Related Work and Discussion, we will review adjacent disciplines 

that are willing to trade distributional faithfulness for creativity and diversity.
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To properly address mode collapse, we cannot consider diversity alone. After all, some types 
of diversity cause problems, such as hallucination [70], and some others can even be disturbing 
[71]. In the next section, we will reformulate mode collapse in relation to structure. To go beyond 
diversity, we need to make any further aim more explicit. For each of us, to have enough language 
to spell out more clearly, what do you want from the future?

2.3 Our Case Study: LLMs as Trees of Strings

Our LLM framework will be inspired on the category-theoretic LLM formulation from Bradley 
et al [72], and the distribution-based representations presented by TY Liu et al [73]. To keep our 
paper accessible, we will only extract what is necessary, simplify the formalism, and lighten 
the notation.

Let’s denote the finite token alphabet as 𝘈tokens = {𝑡𝑎, 𝑡𝑏, …}. We also consider two special tokens 
to indicate the start-of-sequence and end-of-sequence: ⊥ and ⊤. A string is a finite sequence 
of tokens that starts with ⊥. A trajectory is a finished string, a string with ⊤ as the last token. 
We think about prompts, continuations, and trajectories as:𝑥𝑝 = ⊥𝑡1…𝑡𝑝 𝑥𝑝+𝑘 = 𝑥𝑝𝑡𝑝+1…𝑡𝑝+𝑘 𝑦 = 𝑥𝘛 = 𝑥𝘛−1⊤ = 𝑥𝑝𝑡𝑝+1…𝑡𝘛−1⊤ (2.1)
We will also denote:
• the set of all possible strings as 𝖲𝗍𝗋.
• the set of all possible continuations for a prompt 𝑥 as 𝖲𝗍𝗋(𝑥)
• the set of all possible trajectories for a prompt 𝑥 as 𝖲𝗍𝗋⊤(𝑥)
Every LLM can be represented as a tree of all possible strings7:
• The root node is ⊥
• Each node is a string
• All leaf/terminal nodes are the trajectories
• The child nodes are next-token continuations of the parent node string
• Each edge has an associated next-token probability 𝑝(𝑥𝑝𝑡𝑝+1|𝑥𝑝)
‣ We can chain probabilities: 𝑝(𝑦|𝑥𝑝) = 𝑝(𝑦|𝑥𝑝+𝑘)𝑝(𝑥𝑝+𝑘|𝑥𝑝)

• When considering a specific prompt, the probabilities of all its leaf nodes
form a total probability ∑𝑦 𝑝(𝑦|𝑥) = 1

0.1
0.3

0.7
0.05

0.00002
0.99

0.001
0.4

⊥ At Marshalls,
⊥ At Marshalls,grief

⊥ At Marshalls,silence follows

⊥ At Marshalls, grief hidesin the clearance aisle. ⊤
⊥ At Marshalls,grief washes away

⊥ At Marshalls, silence follows,me olvidé my rewards card. ⊤
⊥ At Marshalls, silence followsas the last domtop leaves the beach. ⊤

⊥ At Marshalls, grief washes awaywhen families see justice served. ⊤
⊥ At Marshalls, grief washes awayas the sun bathes her naked trans body. ⊤

Figure 2: Trees are helpful to envision interesting trajectories from a prompt as forking paths 
[74]. In this imagined example, “Marshalls” is initially ambiguous. The longer the string, the fewer 

viable next moves. Complexity in meaning emerges through constraint [75].

7Assuming all strings will finish within a finite context window
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2.4 Structures in Strings

We will call structure to the specification of a type of organization between tokens of 
a given string. The set of all structures is 𝕊 universe. For a string 𝑥 ∈ 𝖲𝗍𝗋 , the degree of 
compliance to a structure 𝜀𝑖 is 𝜀𝑖(𝑥) . Perfect compliance corresponds to 𝜀𝑖(𝑥) = 1 , and no 
compliance corresponds to 𝜀𝑖(𝑥) = 0𝕊 = {𝜀𝑖 : 𝑖 ∈ ℕ} 𝜀𝑖(𝑥) : 𝖲𝗍𝗋 → [0, 1] (2.2)
The power set 2𝕊 is denoted as system space. Each system is 𝜎𝑛  and the compliance to it is 𝜎𝑛(𝑥) . Operators ‖_‖ aggregate the structure compliances into a system compliance:𝜎𝑛(𝑥) = {𝜀𝑖(𝑥) : 𝑖 ∈ 𝘚 ⊂ ℕ} 𝜎𝑛(𝑥) ∈ 2𝕊 𝑠 = |𝘚| (2.3)

‖𝜎𝑛(𝑥)‖𝜎 : [0, 1]𝑠 → [0, 1] (2.4)
We can define a compliance comparator with its corresponding aggregator:

𝜎𝑛(𝑥𝑟) − 𝜎𝑛(𝑥𝑞) ≔ Δ(𝜎𝑛(𝑥𝑟), 𝜎𝑛(𝑥𝑞)) : [0, 1]𝑠 × [0, 1]𝑠 → [0, 1]𝑑 (2.5)
‖Δ‖Δ : [0, 1]𝑑 → ℝ0≤ (2.6)

If Δ is element-wise, 𝑑 = 𝑠. But generally, we could have a latent dimension.

Note: The pair of a system and operators is a policy (𝜎𝑛, ‖_‖𝜎, ‖_‖Δ). We assume every system 
has uniquely defined operators. From now on, any system we mention is assumed to be part of 
a well-defined policy.

We use a very abstract definition on purpose. It will allow us to reason about many different 
kinds of structures. For instance, we can think of the compliance of a string with respect to:
• Grammar of a natural language of interest. As an example, we could consider:
‣ Lexicality: Does the string spell words that belong to a dictionary?
‣ Syntax: Are words in the string ordered into proper sentences?

• Logical Validity: Does the string form propositions that follow each other without 
contradiction?

• Truthfulness: Does the string say something true about the real world?
• Plausibility: Would the string seem as truthful to an average person?
• Justifiability: Is the string’s truth content justifiable based on the training data of the LLM?
• Semantic Identification: Does the string talk about a given concept?

The power of this abstraction lies in its ability to encode more fuzzy values. To name just a 
few possibilities:
• Explicit Heterosexuality: Are people mentioned by the string described as heterosexual?
• Black Stereotyping: Are black people mentioned by string represented through stereotypes?
• Women Authority: Does the string mention women in positions of power or leadership?
• Historical Accuracy: Does the string produce a narrative with a historically accurate temporal-

spatial setting?
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This abstraction offers us considerable flexibility, but it also opens up questions like:
• What structures are relevant in our analysis?
• Are there component bases from which we could form all other structures of interest?
• What class of aggregators are appropriate?
We will not explore these questions in this paper, but we shall keep them in mind.

We note that there is a difference between the true compliance of a structure and the 
approximations we have available. Additionally, not all compliances will be computable8.

3. Xeno-Theory
Xenoreproduction aims at maximizing data modes with structures that are:
• queer: non-normative, divergent, rare
• subaltern: hard-to-detect, subtle, almost invisible

To ensure safety, that process cannot be done blindly. Xenoreproduction also must explicitly 
consider which structures to conserve and which ones to avoid.

3.1 Queerness as Divergence From Core

To queer is to [76] challenge the dominant narratives by exploring alternative ways. The dominant 
narratives have structures that repeat often in strings. Normativity is the characterization of the 
structures with which trajectories most often comply.

The core of a system 𝜎𝑛 is: 𝜎𝖼𝗈𝗋𝖾𝑛 = ∑𝑦∈𝖲𝗍𝗋⊤
𝑝(𝑦) 𝜎𝑛(𝑦) (3.1)

Given a system, the orientation [10] of the string relative to the system’s core is:𝜃𝑛(𝑦) = 𝜎𝑛(𝑦) − 𝜎𝖼𝗈𝗋𝖾𝑛 (3.2)
with deviance defined as: ‖𝜃𝑛(𝑦)‖Δ ∈ ℝ0≤ (3.3)
which induces a queerness preorder for all strings :𝑦𝑎 ⪯𝜃𝑛 𝑦𝑏 ⇔ ‖𝜃𝑛(𝑦𝑎)‖Δ ≤ ‖𝜃𝑛(𝑦𝑏)‖Δ (3.4)
The normative core is the core of the universe’s system 𝜎𝖼𝗈𝗋𝖾𝕊
Strings oriented away from the normative core (highly deviant) are queer or non-normative

3.2 Subaltern as Hard-to-Detect

Each element in a system’s core is the core of a structure𝜀𝖼𝗈𝗋𝖾𝑖 = ∑𝑦∈𝖲𝗍𝗋⊤
𝑝(𝑦) 𝜀𝑖(𝑦) (3.5)

Then, we can form a subalternity preorder for all structures in 𝕊 :𝜀𝑖 ⪯𝖼𝗈𝗋𝖾 𝜀𝑗 ⇔ 𝜀𝖼𝗈𝗋𝖾𝑖 ≤ 𝜀𝖼𝗈𝗋𝖾𝑗 (3.6)
Structures near the bottom of the preorder are subaltern or hard-to-detect.

8Consider strings that are programs and compliance as the halting condition
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3.3 Disturbing Diversities

Queerness, as a deviation from a set of structures, goes beyond identity and politics. The 
queerness that is attached to politics and practices we reject is deemed disturbing [71]. Queer 
scholarship has often resisted the study of queerness that does not align with our emancipatory 
politics [71]. But, if we want to be serious, our theory needs to expand beyond our politics.

Some harmful deviances complicate this framework. For instance, incel extremism [77,78] is 
queer relative to violence [79], [80] and asexuality [81], yet deeply normative in its misogyny, race 
and anti-LGBTQ+ politics. Also, what was once queer can be absorbed into mainstream [82], used 
to generate homonormativities [83] or be weaponized, as we see with states and corporations 
pink-washing their projects [84,85], cis-gay men joining the alt-right [86], and homonationalisms 
consolidating [87,88].

Hallucinations [89] are unwanted diversities too (with respect to some validity). In general, we 
can consider all non-aligned but diverse behavior, such as gibberish and novel toxicity. For 
Xenoreproduction to be responsible, it is not enough to specify structures to diverge from, 
but also consider what structures to converge into, or stay away from:𝜎𝗍𝖺𝗋𝗀𝖾𝗍 ≔ 𝑑𝑒𝑠𝑖𝑟𝑎𝑏𝑙𝑒 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒𝑠 𝜎𝖺𝗏𝗈𝗂𝖽 ≔ 𝑑𝑖𝑠𝑡𝑢𝑟𝑏𝑖𝑛𝑔 𝑠𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒𝑠 (3.7)
3.4 Xenoreproduction as Objective

As seen in previous subsections, the overall distribution over strings determines what strings 
are non-normative or structures as hard-to-detect. Thus, we will parametrize the distribution 
as 𝑝(𝑥, 𝑤) where 𝑤 refers to LLM weights and anything that affects the final distribution (such 
as sampling, decoding strategy). We will then consider anything that depends on 𝑝(𝑥, 𝑤) to be 
parametrized as well (e.g., 𝜎𝖼𝗈𝗋𝖾𝑛 (𝑤)).
The LLM xeno-objective will be the maximization of 𝜆-weighted objective functions:𝑥𝑒𝑛𝑜-𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒 ≔ max𝑤 ∑𝑖∈ objectives 𝜆𝑖 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒(𝐽𝑖(𝑤)) (3.8)
where 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒() puts objectives on the same scale.

Queer Objectives:

We want our GenAI model to explore away from normativity.
Then, our new core 𝜎𝖼𝗈𝗋𝖾𝕊 (𝑤) to be far from our old core 𝜎𝖼𝗈𝗋𝖾𝕊 (𝑤0)𝐽𝖺𝗇𝗍𝗂-𝗇𝗈𝗋𝗆 = ‖𝜎𝖼𝗈𝗋𝖾𝕊 (𝑤) − 𝜎𝖼𝗈𝗋𝖾𝕊 (𝑤0)‖Δ (3.9)
We also do not want the new core to be too dominant. We want the structures in each string to 
be different from the new core too:𝐽𝖽𝗂𝗏 = ∑𝑦∈𝖲𝗍𝗋⊤

‖𝜎𝕊(𝑦) − 𝜎𝖼𝗈𝗋𝖾𝕊 (𝑤)‖Δ (3.10)
Subaltern Objectives:

We want our GenAI to recover the structures that lack visibility.
Our objective function will favor the structures that were near the bottom [90].𝐽𝗏𝗂𝗓 = ∑𝜀∈𝕊 exp(−𝛽𝜀𝖼𝗈𝗋𝖾(𝑤𝑜)) 𝜀𝖼𝗈𝗋𝖾(𝑤) where 𝛽 is tunable param (3.11)
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Conservation Objectives:

We want to preserve (or incentivize) target structures explicitly, and avoid other structures:

𝐽𝗍𝖺𝗋𝗀𝖾𝗍 = ‖‖𝜎𝖼𝗈𝗋𝖾𝗍𝖺𝗋𝗀𝖾𝗍(𝑤)‖‖𝜎 𝐽𝖺𝗏𝗈𝗂𝖽 = −‖𝜎𝖼𝗈𝗋𝖾𝖺𝗏𝗈𝗂𝖽(𝑤)‖𝜎 (3.12)
Lastly, we want our new distribution to keep some faithfulness:𝐽𝖿𝖺𝗂𝗍𝗁𝖿𝗎𝗅 = − ∑𝑦∈𝖲𝗍𝗋⊤

𝘋KL(𝑝(𝑦| 𝑤0) | 𝑝(𝑦| 𝑤)) (3.13)
3.5 Prompting and Dynamics

Our framework has considered full trajectories starting from ⊥. However, we could condition all 
these constructions on a given prompt 𝑥𝑝.𝜎𝖼𝗈𝗋𝖾𝑛 (𝑥𝑝) = ∑𝑦∈𝖲𝗍𝗋⊤(𝑥𝑝) 𝑝(𝑦|𝑥𝑝) 𝜎𝑛(𝑦) 𝜀𝖼𝗈𝗋𝖾𝑖 (𝑥𝑝) = ∑𝑦∈𝖲𝗍𝗋⊤(𝑥𝑝) 𝑝(𝑦|𝑥𝑝) 𝜀𝑖(𝑦)

𝜃𝑛(𝑦 |𝑥𝑝) = 𝜎𝑛(𝑦) − 𝜎𝖼𝗈𝗋𝖾𝑛 (𝑥𝑝) 𝐽𝑖 = 𝑔𝑖(𝑥𝑝, 𝑤) (3.14)
The conditional probabilities could look very different depending on the prompt, so the cores 
and objectives could also vary significantly.

For a given a full trajectory 𝑦 = 𝑥𝘛 , we can define states:𝜑𝑘 = 𝜎𝖼𝗈𝗋𝖾𝑛 (𝑥𝑘) Ω𝑘 = 𝜃(𝑦|𝑥𝑘) , 𝑘 ∈ {0, 1…, 𝘛} (3.15)
These form a discrete-time dynamics:(𝜑0, Ω0) , (𝜑1, Ω1) , … , (𝜑𝑇, Ω𝑇) (3.16)

0.1

0.3

0.7
0.05

0.00002
0.99

0.001
0.4

[0.348 0.541 0.489]𝜑[0.602 −0.441 −0.139]𝜔

[0.052 0.894 0.834]𝜑[−0.032 0.056 0.066]𝜔

[0.943 0.105 0.351]𝜑[0.008 −0.005 −0.001]𝜔

[0.52 0.32 0.08]𝜑[0.18 −0.12 −0.03]𝜔

[0.02 0.95 0.9]𝜑[0 0 0]𝜔

[0.05 0.85 0.4]𝜑[0 0 0]𝜔
[0.95 0.1 0.35]𝜑[0 0 0]𝜔

[0.05 0.5 0.1]𝜑[0 0 0]𝜔

[0.7 0.2 0.05]𝜑[0 0 0]𝜔

Figure 3: We imagine structures of interest [gay beach, department store, sadness] on previous 
example. Each node shows 𝜑 and 𝜔 as the trajectory evolves.

With this framework, future work can ask whether these trajectory-level dynamics are estimable 
during decoding (from partial generations) and, if so, whether basic control-theoretic tools can 
guide the trajectory.
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3.6 Deep Attunement for Improvisation

Xenoreproduction aims to direct our attention to data modes that are rare and hard to detect. 
This process is akin to listening very deeply to our environment and reacting to the most subtle 
information. In this regard, Xenoreproduction can be thought of as deep attunement to the 
surroundings.

Improvisation is the real-time creation under constraints, balancing inventiveness with 
coherence [91]. To improvise successfully, agents transform existing patterns. Deep attunement 
to the surroundings enables agents to draw from a larger source of valid patterns, allowing them 
to recombine and distort those patterns into novel behavior.

Thus, we argue that to develop AI agents that successfully improvise, we need to solve a 
real-time version of Xenoreproduction. Put differently, improvisation is a xenoproductive 
capability, as it involves sensitivity to subtle yet context-relevant perceptual 
information.

In Appendix C: The Surround and Improvisation, we continue this discussion, linking attunement 
to the experience of people in the margins.

4. Related Work and Discussion
Xenoreproduction immediately enters in conversation with Active Divergence [32,92–97], as 
they both aim to disorient [10]. Whereas Active Divergence focuses on moving away from the 
normative distribution, Xenoreproduction explicitly aims to further land in queer subalternities, 
with respect to a structure. While Active Divergence work overlaps with Computational 
Creativity, Xenoreproduction is more intimate with AI Safety.

Xenoreproduction’s focus on structure naturally connects it with Interpretability in search of 
methods that reveal patterns we can interpret. At a more foundational layer, they also come 
together to understand Representation Bias9.

Reinforcement Learning (RL) and Xenoreproduction both leverage exploration to achieve 
their objective. In RL, this happens during training/alignment or reasoning [100,101]. Especially, 
Quality-Diversity algorithms, such as Novelty Search with Local Competition [102], are 
promising techniques for Xenoreproduction.

9Representation Bias is the phenomenon when signals end up being represented more strongly, more 
reliably, or more prominently in the internal representations than others, even when, from a functional or 
computational perspective, those features are equally relevant. [98,99]
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5. Limitations and Future Directions
The framework presented here is our first attempt to formalize critical theory concepts in the 
context of AI.
As next steps, we outline the need to:
• Revisit and refine how the borrowed concepts map to mathematical formalism.
• Consult more disciplines (Trans Studies [103], Indigenous Studies, …) to find new connections.
• Build a strong theoretical foundation by relying on Computational Learning Theory, Control 

Theory, and Causal Abstraction.
• Revisit current benchmarks and evaluations of Social Bias with a xenoreproductive 

perspective.
• Devise and perform experiments to illuminate more about the structures in Gen AI modes. 

This would be joint work with Interpretability.
• Apply methods like Quality-Diversity to both toy and real scenarios.
• Strategize what type of work will have the most impact on the people currently in the margins.

Fun Brainstorm
• Counterfactuals [104] account for the data that was not: both stories not recorded in the archive, 

and the histories that did not take place [105]. Counterfactuals are also used by Explainable 
AI [106] to identify the set of changes that would have resulted in a different outcome. What 
are the “xeno” considerations we should have in causal identification?

6. Conclusion
We ultimately believe that the biggest and soonest existential risk for humanity lies in the harm 
we (non-artificial people) can cause to each other (and the planet) using AI technology.

Why introduce queer terms to talk about mathematical AI theory?
Technology is outpacing our concepts [107]. We need theories with teeth, that are made for 
resistance. For that, we need to be ground-bound [108], bringing to the foreground the people 
in the margins. After all, would you not feel a little silly if we tried to “solve social bias” and 
made no reference to entire scholarships whose whole focus is to investigate those concepts 
in depth? We are genuinely aiming for technodiversity [109].

And also, to remind everyone that LGBTQ+ people do not solely own queerness. Both queerness 
and subalternity are orientations [10]. Narrative and storytelling are some of the oldest and most 
powerful technologies [110]

10. Xenoreproduction aims to expand the narrative capabilities of all 
GenAI, thereby also widening the possible paths for everyone.

As we are reminded by Muñoz [111],

we are not yet queer
the future is queerness’s domain

10In Genealogies of Trans Technicity essay, Malatino referencing Sylvia Wynter
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Impact Statement
Xenoreproduction contributes to AI Safety by providing a framework to start theorizing about 
homogenization more seriously.
This work aims to benefit
• society by explicitly considering its margins
• scholarship by making formal connections between critical theory and AI theory.
The future applications include
• steering LLMs to generate more diverse and creative outputs safely
• improving improvisational skills and robustness in agents
• developing richer evaluations for homogenization.
There are risks:
• Because not all structures are legible, it is not yet clear how to guard against all harmful 
ones during exploration.

• The same methods used to discover and amplify diversity could be used to squash, exploit, and 
control it.11

To mitigate the risks, we need to:
• Keep expanding theoretical work to get a picture of guarantees and trade-offs, and guide 
thorough adversarial red-teaming

• Be very clear about the expected the uncertainty, incompleteness and context when applying 
theory to applications. Structures need to be defined (or left out) intentionally.

• Think deeply about our values and what we want (the structure of) the future to be.

11A clear example of this is Style Extraction [16], the harvesting of marginal aesthetics “for the benefit of a 
ruling class that owns and controls the vectors of information”.
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Appendix A: Notation

Tokens, Strings & Trajectories:𝑡𝑎, 𝑡𝑏, … individual tokens in ∈ 𝘈tokens ⊂ 𝘈𝕋⊥, ⊤ special tokens for start/end of trajectory ∈ 𝘈𝕋𝑥 string𝑥𝑝 prompt, unfinished string𝑦 trajectory, finished string𝖲𝗍𝗋 (𝑥𝑝) all strings that continue prompt 𝑥𝑝𝖲𝗍𝗋⊤(𝑥𝑝) all trajectories that continue prompt 𝑥
Probabilities & Parameters:

𝑝(𝑥|𝑥𝑝, 𝑤) conditional probability assigned to string 𝑥 given prompt 𝑥𝑝 and 
params 𝑤.

Structures, Systems & Operators:𝜀𝑖(𝑥) compliance of string 𝑥 for structure in 𝕊𝜎𝑛(𝑥) compliance of string 𝑥 for system in 2𝕊Δ(·, ·) comparator between two system compliances‖_‖Δ aggregator for Δ, ∈ 𝑅0≤‖_‖𝜎 aggregator for 𝜎, ∈ [0, 1]
Cores, Orientation & Deviance:𝜀𝖼𝗈𝗋𝖾𝑖 (𝑥𝑝, 𝑤) structure core, expected structure compliance𝜎𝖼𝗈𝗋𝖾𝑛 (𝑥𝑝, 𝑤) system core, expected system compliance𝜃𝑛(𝑦|𝑥𝑝, 𝑤) orientation of trajectory 𝑥 relative to 𝜎𝖼𝗈𝗋𝖾𝑛 (𝑥𝑝, 𝑤)‖‖𝜃𝑛(𝑦|𝑥𝑝, 𝑤)‖‖Δ deviance, magnitude of orientation

Trajectory Dynamics:𝜑𝑘 , Ω𝑘 discrete-time states for given trajectory

Objectives:𝐽𝑖 objective𝜆𝑖 objective weights

Note: 𝑥𝑝 = 𝑥0 = ⊥ and 𝑤 = 𝑤0 if unspecified otherwise
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Appendix B: Summary of Formal Framework

Strings from LLMs: 𝘈𝕋 = {𝑡𝑎, 𝑡𝑏, …} ∪ {⊥, ⊤} (6.1)𝑥𝑝 = ⊥𝑡1…𝑡𝑝 𝑦 = 𝑥𝘛 = 𝑥𝘛−1⊤ = 𝑥𝑝𝑡𝑝+1…𝑡𝘛−1⊤ (6.2)𝖲𝗍𝗋 = {𝑥𝑘 : 𝑘 ∈ ℕ} (6.3)𝖲𝗍𝗋⊤(𝑥𝑝) ⊂ 𝖲𝗍𝗋⊤(⊥) = 𝖲𝗍𝗋⊤ ⊂ 𝖲𝗍𝗋 (6.4)∑𝑦∈𝖲𝗍𝗋⊤(𝑥𝑝) 𝑝(𝑦|𝑥𝑝, 𝑤) = 1 (6.5)
Structures and Systems: 𝜀𝑖(𝑥) : 𝖲𝗍𝗋 → [0, 1] 𝕊 = {𝜀𝑖 : 𝑖 ∈ ℕ} (6.6)𝜎𝑛(𝑥) = {𝜀𝑖(𝑥) : 𝑖 ∈ 𝘚 ⊂ ℕ} 𝜎𝑛(𝑥) ∈ 2𝕊 𝑠 = |𝘚| (6.7)𝜎𝑛(𝑥𝑘) − 𝜎𝑛(𝑥𝑞) ≔ Δ(𝜎𝑛(𝑥𝑘), 𝜎𝑛(𝑥𝑞)) : [0, 1]𝑠 × [0, 1]𝑠 → [0, 1]𝑑 (6.8)

‖Δ‖Δ : [0, 1]𝑑 → ℝ0≤ ‖𝜎𝑛(𝑥)‖𝜎 : [0, 1]𝑠 → [0, 1] (6.9)
Distributions and Cores: 𝜀𝖼𝗈𝗋𝖾𝑖 (𝑥𝑝, 𝑤) = ∑𝑦∈𝖲𝗍𝗋⊤(𝑥𝑝) 𝑝(𝑦|𝑥𝑝, 𝑤) 𝜀𝑖(𝑦) (6.10)

𝜎𝖼𝗈𝗋𝖾𝑛 (𝑥𝑝, 𝑤) = ∑𝑦∈𝖲𝗍𝗋⊤(𝑥𝑝) 𝑝(𝑦|𝑥𝑝, 𝑤) 𝜎𝑛(𝑦) = {𝜀𝖼𝗈𝗋𝖾𝑖 : 𝑖 ∈ 𝘚} (6.11)
𝜃𝑛(𝑦 |𝑥𝑝, 𝑤) = 𝜎𝑛(𝑦) − 𝜎𝖼𝗈𝗋𝖾𝑛 (𝑥𝑝, 𝑤) ‖‖𝜃𝑛(𝑦|𝑥𝑝, 𝑤)‖‖Δ ∈ ℝ0≤ (6.12)

Dynamics: 𝜑𝑘 = 𝜎𝖼𝗈𝗋𝖾𝑛 (𝑥𝑘) Ω𝑘 = 𝜃(𝑦|𝑥𝑘) , 𝑘 ∈ {0, 1…, 𝘛} (6.13)
Objective: 𝐽𝖺𝗇𝗍𝗂-𝗇𝗈𝗋𝗆 = ‖‖𝜎𝖼𝗈𝗋𝖾𝕊 (𝑥𝑝, 𝑤) − 𝜎𝖼𝗈𝗋𝖾𝕊 (𝑥𝑝, 𝑤0)‖‖Δ (6.14)

𝐽𝖽𝗂𝗏 = ∑𝑦∈𝖲𝗍𝗋⊤(𝑥𝑝) ‖‖𝜎𝕊(𝑦) − 𝜎𝖼𝗈𝗋𝖾𝕊 (𝑥𝑝, 𝑤)‖‖Δ (6.15)
𝐽𝗏𝗂𝗓 = ∑𝜀∈𝕊 exp(−𝛽𝜀𝖼𝗈𝗋𝖾(𝑥𝑝, 𝑤𝑜)) 𝜀𝖼𝗈𝗋𝖾(𝑥𝑝, 𝑤) 𝛽 ≔ temperature (6.16)

𝐽𝗍𝖺𝗋𝗀𝖾𝗍 = ‖‖𝜎𝖼𝗈𝗋𝖾𝗍𝖺𝗋𝗀𝖾𝗍(𝑥𝑝, 𝑤)‖‖𝜎 𝐽𝖺𝗏𝗈𝗂𝖽 = −‖‖𝜎𝖼𝗈𝗋𝖾𝖺𝗏𝗈𝗂𝖽(𝑥𝑝, 𝑤)‖‖𝜎 (6.17)
𝐽𝖿𝖺𝗂𝗍𝗁𝖿𝗎𝗅 = − ∑𝑦∈𝖲𝗍𝗋⊤(𝑥𝑝) 𝘋KL(𝑝(𝑦|𝑥𝑝, 𝑤0) | 𝑝(𝑦|𝑥𝑝, 𝑤)) (6.18)

𝑥𝑒𝑛𝑜-𝑜𝑏𝑗𝑒𝑐𝑡𝑖𝑣𝑒 ≔ max𝑤 ∑𝑖∈ objectives 𝜆𝑖 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒(𝐽𝑖(𝑥𝑝, 𝑤)) (6.19)
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Appendix C: The Surround and Improvisation
From all possible structures, we aim to recover those corresponding to people on the margins, 
which hold essential potential. In this section, we examine why the margins hold that potential.

Skilled and Attuned Agent -> Textured Trajectory

Clumsy Agent -> Uninformative Trajectory

Figure 4:  To improvise, the basketball-playing agent needs to be skilled and attuned to 
their surroundings. Data from agents in deeper attunement can encode more structure, 
independently of whether the agent succeeds at the task (i.e, makes a shot in basketball).

Against expectations, the margins continue to be powerful sources of creative production 
for society [112–128]. The structural violence [129,130] from oppression never quite stifles it. That 
surviving energetic source in the margins is the surround: the field [13,16,131] beyond what can 
be surveilled, disciplined, and contained.
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How does the surround get fueled? Very roughly, psychoanalysis [17] tells us that our 
unconscious selves are constantly communicating with each other’s. These messages are 
enigmatic, but very early on, we make sense of them through a self-narrative. However, these 
messages can never be perfectly translated: opacity remains. The tension between our self-
narrative and the leftover enigma creates a form of psychic energy that our ego is constantly 
trying to minimize. [132] Oppression constantly destabilizes the self-narrative of the oppressed, 
causing enigmatic energy to overflow more, which forces the oppressed to acquire new self-
narratives more often and radically. The psychic, enigmatic energy that spills out from each 
individual fuels the surround.

The acquisition of a self-narrative is neither deliberate nor conscious [17]. Our raw selves tap into 
what is nearby [132], not only the myths, symbols, and stories we inherit, but also all the levels of 
reality experienced by our animal body. This human generative process is then one of the most 
profound ways of listening.

That deep listening is also at the core of improvisation. To improvise, we need refined 
attunement to very subtle perceptual information [91]. That information is often below conscious 
perception, but it constitutes a powerful source that allows for balance between inventiveness 
and coherence [91].

What does this all mean? The margins produce data modes with rich structure encoded. 
Exploring these modes opens the possibility of leveraging that structure. Any future AI 
agent needs to solve the same technical task to improvise effectively. Working towards 
Xenoreproduction in LLMs is also a step forward towards an antifragile [133] general AI that can 
attune to the most subtle perceptual information to adapt when needed.
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