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The New York Times’s copyright lawsuit against OpenAI and Microsoft 

alleges that OpenAI’s GPT models have “memorized” Times articles. Other 
lawsuits make similar claims. But parties, courts, and scholars disagree on 
what memorization is, whether it is taking place, and what its copyright 
implications are. Unfortunately, these debates are clouded by deep 
ambiguities over the nature of “memorization,” leading participants to talk 
past one another. 

In this Essay, we attempt to bring clarity to the conversation over 
memorization and its relationship to copyright law. Memorization is a highly 
active area of research in machine learning, and we draw on that literature to 
provide a firm technical foundation for legal discussions. The core of the 
Essay is a precise definition of memorization for a legal audience. We say 
that a model has “memorized” a piece of training data when (1) it is possible 
to reconstruct from the model (2) a (near-)exact copy of (3) a substantial 
portion of (4) that specific piece of training data. We distinguish 
memorization from “extraction” (in which a user intentionally causes a 
model to generate a (near-)exact copy), from “regurgitation” (in which a 
model generates a (near-)exact copy, regardless of the user’s intentions), and 
from “reconstruction” (in which the (near-)exact copy can be obtained from 
the model by any means, not necessarily the ordinary generation process). 

Several important consequences follow from these definitions. First, 
not all learning is memorization: much of what generative-AI models do 
involves generalizing from large amounts of training data, not just 
memorizing individual pieces of it. Second, memorization occurs when a 
model is trained; it is not something that happens when a model generates a 
regurgitated output. Regurgitation is a symptom of memorization in the 
model, not its cause. Third, when a model has memorized training data, the 
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model is a “copy” of that training data in the sense used by copyright law. 
Fourth, a model is not like a VCR or other general-purpose copying 
technology; it is better at generating some types of outputs (possibly 
including regurgitated ones) than others. Fifth, memorization is not just a 
phenomenon that is caused by “adversarial” users bent on extraction; it is a 
capability that is latent in the model itself. Sixth, the amount of training data 
that a model memorizes is a consequence of choices made in the training 
process; different decisions about what data to train on and how to run the 
training process can affect what the model memorizes. Seventh, system 
design choices also matter at generation time. Whether or not a model that 
has memorized training data actually regurgitates these data depends on the 
design of the overall system: developers can use other guardrails to prevent 
extraction and regurgitation. In a very real sense, memorized training data 
are in the model—to quote Zoolander, the files are in the computer. 

Matilda: Did you find the files? 
Hansel: I don’t even know what they look—what do they look like? 
Matilda: They’re in the computer. 
Hansel: They’re in the computer? 
Matilda: Yeah, they’re definitely in there, I just don’t know how he 
labeled them. 
Hansel: I got it. IN the computer. It’s so simple.1 

 

INTRODUCTION 

The week between Christmas and New Year’s Eve is usually a slow 
news week, but not in 2023—the year that ChatGPT ate the world.2 On 
December 27, 2023, the New York Times filed a copyright-infringement 
lawsuit against Microsoft and OpenAI, alleging that Bing Copilot and 
ChatGPT constituted “massive copyright infringement.”3 In particular, the 
Times alleged that the generative-AI models in these systems had 
“memorized” large quantities of Times articles. That is, when prompted with 
some prefix of text from a Times article,4 ChatGPT would output a lengthy, 

 
 1.  ZOOLANDER (Paramount Pictures 2001). 
 2.  See generally CHAT GPT IS EATING THE WORLD, https://chatgptiseatingtheworld.com 
[https://perma.cc/H2J5-F476]. 
 3.  Complaint ¶ 74, N.Y. Times Co. v. Microsoft Corp., No. 1:23-cv-11195 (S.D.N.Y. Dec. 27, 
2023). 
 4.  The prompts ranged in length from a sentence to several paragraphs. See id. ¶ 99. 
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corresponding suffix that copied passages from the article—hundreds of 
words, varying only in a few scattered portions.5 (See Figure 1.) 

To the Times and its lawyers, these examples of “memorization” were 
blatant copyright infringement. But to OpenAI and its defenders, there was 
nothing to see here. OpenAI responded, both in court and online, casting the 
Times’s behavior as “adversarial” —that these examples were “misuse,” “not 
typical or allowed user activity.”6 On this view, any copying (and thus any 
resulting infringement) resulted from the prompts the Times used. If the 
Times had not specifically manipulated ChatGPT into generating Times 
articles, there would have been no copying, and no copyright infringement. 
As economist Tyler Cowen put it, in mocking the Times’s argument, one 
could equally well say that a toothpick infringes: 

If you stare at just the exact right part of the toothpick, and measure the 
length from the tip, expressed in terms of the appropriate unit and 
converted into binary, and then translated into English, you can find any 
message you want. You just have to pinpoint your gaze very very exactly 
(I call this “a prompt”). 
In fact, on your toothpick you can find the lead article from today’s New 
York Times. With enough squinting, measuring, and translating. 
By producing the toothpick, they put the message there and thus they gave 
you NYT access, even though you are not a paid subscriber. You simply 
need to know how to stare (and translate), or in other words how to prompt. 
So let’s sue the toothpick company!7 
 
 
 
 
 
 
 

 
 5.  At this point, in the introduction, we are deliberately providing only a high-level intuition for 
the type of memorization with which we engage in this Essay, and we do so by drawing on an example 
from a current lawsuit. We provide more rigorous definitions of memorization below. See infra notes 59–
64 and accompanying text. 
 6.  OpenAI and Journalism, OPENAI (Jan. 8, 2024), https://openai.com/blog/openai-and-
journalism [https://perma.cc/A3CG-V3SB] (“[O]ur models don’t typically behave the way The New 
York Times insinuates, which suggests they either instructed the model to regurgitate or cherry-picked 
their examples from many attempts. Despite their claims, this misuse is not typical or allowed user 
activity, and is not a substitute for The New York Times. Regardless, we are continually making our 
systems more resistant to adversarial attacks to regurgitate training data, and have already made much 
progress in our recent models.”). 
 7.  Tyler Cowen, Toothpick Producers Violate NYT Copyright, MARGINAL REVOLUTION (Dec. 30, 
2023, 1:05 AM), https://marginalrevolution.com/marginalrevolution/2023/12/toot 
hpick-producers-violate-nyt-copyright.html [https://perma.cc/E3V5-DVF3]. 
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Implicit in this view is that memorization and the copying it involves 

take place only at generation time: when a generative-AI system responds to 
a user’s prompt with an output. The system itself is a neutral, general-
purpose tool. Some users may use it to infringe, but other users will not. 

Figure 1: Memorized and extracted output from ChatGPT’s GPT-4 endpoint (left) of 
a New York Times article (right). 
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This view treats the machine-learned model (or models) at the heart of 
a generative-AI system as a black box. Training data are used to design and 
construct the box, but the box itself contains only abstracted statistical 
patterns of the training data. Those patterns either contain no expression at 
all, or if they do, they are represented in a way that is fundamentally 
uninterpretable. The box is a machine that transforms prompts into outputs. 
Thus, if there is infringing expression in the output, it must be because the 
user prompted it in a targeted (i.e., “adversarial” or “not typical”) way to 
elicit that infringement. 

This view refuses to consider what happens inside the box—the 
specifics of how statistical learning about the training data enables 
generative-AI systems to do what they do. It avoids engaging with the actual 
representation of information about training data in a model’s parameters. In 
legal writing, this has involved gesturing at these representations with high-
level terms like “features,” “patterns,” or “statistical correlations.”8 These 
terms suggest that while there may be some underlying math going on, the 
details can be sidestepped for simplicity, because they are irrelevant to the 
legal treatment of generative AI. 

This way of thinking about memorization9 has significant copyright 
consequences. It suggests that memorization is primarily about prompting 
rather than training. Outputs may contain potentially infringing expression, 
but the model that generates them does not. A model itself is a neutral tool, 
equally good at producing infringing and non-infringing outputs. It follows 
that users bear most or all of the responsibility for misusing a generative-AI 
system to elicit memorized content, and the creators of the system in which 
the model is deployed bear little or none.10 

With respect, we believe that this approach to making sense of 
memorization misdescribes how generative-AI systems work. If a 
generative-AI model memorizes its training data, these training data are in 
the model. This should not be surprising. Models are not inert tools that have 
no relationship with their training data. The power of a model is precisely 

 
 8. See, e.g., Oren Bracha, The Work of Copyright in the Age of Machine Production (Jan. 2024) 
(unpublished manuscript), https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4581738 
[https://perma.cc/LF9L-54XH] (referring to these representations as “features” and “patterns”); Def. 
Anthropic PBC’s Opposition to Plaintiffs’ Motion for Preliminary Injunction at 4, Concord Music Grp., 
Inc. v. Anthropic PBC, No. 3:23-cv-01092 (M.D. Tenn. Jan. 16, 2024). 
 9.  For now, we continue to limit our use of the term “memorization” to the intuition provided in 
the (near-)exact copying demonstrated in Figure 1. See infra notes 59–64 and accompanying text 
(providing more details on memorization and variations on definitions). 
 10.  The distinction between a model and the larger system in which it is embedded is important to 
keep in mind. See infra Part I.B (discussing technical differences). See infra Part II.I (discussing legal 
consequences). 
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that it encodes relevant features of the training data in a way that enables 
prompting to generate outputs that are based on the training data. This is why 
capital-G Generative AI is such a big deal. All useful models learn something 
about their training data. Memorization is simply a difference in degree: it is 
an encoded feature in the model; whether it is a desired feature or not is 
another matter entirely. 

It follows that memorization in generative AI cannot be neatly confined 
to generation time—to how the system behaves when adversarial users 
provide adversarial prompts. If a generative-AI model has memorized 
copyrighted works, the memorized aspects of those works are present in the 
model itself, not just in the model’s generated outputs. The model could 
possibly (with some probability) generate copies of those works on demand 
for any user,11 not just for users who have a suitably nefarious intent. The 
system’s creator may have various options to limit the output of such 
copies—for example, by refusing to generate outputs for certain prompts or 
by checking outputs against a database of copyrighted works before 
returning them to the user. But one of these options is always to change the 
model: to train or retrain it in a way that attempts to limit the model’s 
memorization of training data. Whether this is trivially easy or impractically 
hard depends on the details of the model architecture, the choice of training 
data, the training algorithm, and much more. But the model’s internals must 
always be part of the technical picture, because they are highly relevant to 
what a model has memorized and what it can do. 

We take no position on what the most appropriate copyright regimes for 
generative-AI systems should be, and we express no opinion on how pending 
copyright lawsuits should be decided.12 These cases raise difficult doctrinal 
issues that run almost the entire gamut of copyright law.13 Our goal is merely 
to describe how these systems work so that copyright scholars can develop 
their theories of generative AI on a firm technical foundation. We focus on 
a few threshold issues—particularly the Copyright Act’s definition of 

 
 11. This probability is not necessarily easily quantifiable by external users for all models (e.g., those 
embedded in systems whose APIs do not expose complete information about generated token 
probabilities, such as ChatGPT). See infra notes 31, 33 and accompanying text (defining token). See infra 
Part II.D (discussing non-determinism in the generation process and probabilistic extraction). 
 12.  Cf. Nicholas Carlini, What My Privacy Papers (Don’t) Have to Say About Copyright and 
Generative AI, NICHOLAS CARLINI (Mar. 11, 2025), https://nicholas.carlini.com/writing/2025/privacy-
copyright-and-generative-models.html [https://perma.cc/JA6L-VQJ4] (insisting on caution when 
drawing legal conclusions from technical findings about memorization). 
 13. See generally Katherine Lee, A. Feder Cooper & James Grimmelmann, Talkin’ ‘Bout AI 
Generation: Copyright and the Generative-AI Supply Chain, J. COPYRIGHT SOC’Y (forthcoming 2025) 
[hereinafter Talkin’].  
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“copies”—where the technical details are particularly salient. We seek 
clarity, precision, and technical accuracy.14 

You have nearly finished the introduction of this Essay. In Part I, we 
provide a brief background on how generative-AI models work, and the 
systems and supply chains within which they are embedded. In Part II, the 
heart of the Essay, we describe how to think clearly about memorization in 
generative-AI systems, and show how several common arguments about 
copyright and generative AI are built on a mistaken view of what 
memorization consists of and how it is surfaced to end users. We finish with 
a brief conclusion, which offers some historical reflections. 

I. TECHNICAL BACKGROUND 

Starting roughly with the public launch of ChatGPT in November 2022, 
generative AI has become a household term. It is used as a blanket 
description for a wide range of consumer-facing applications: chatbots like 
OpenAI’s ChatGPT Plus,15 Google DeepMind’s Gemini,16 and Anthropic’s 
Claude 3;17 image generators like Midjourney Inc.’s eponymous 
Midjourney,18 StabilityAI’s Stable Diffusion,19 and OpenAI’s DALL·E 3;20 
music generators like Google DeepMind’s Lyria;21 video generators like 

 
 14.  We do not make broad claims about the consequences of these technical details—e.g., we do 
not make generalizations about whether the copies we are talking about are or are not infringing. Further, 
our focus is on United States law. For an analysis of memorization by generative-AI models under E.U. 
law, see Tim W. Dornis, Generative AI, Reproductions Inside the Model, and the Making Available to 
the Public, INT’L REV. INTELL. PROP. & COMPETITION L. (forthcoming 2025), 
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5036008 [https://perma.cc/HRB7-GLW4]. 
 15. DALL·E 3 is Now Available in ChatGPT Plus and Enterprise, OPENAI (Oct. 19, 2023), 
https://openai.com/blog/dall-e-3-is-now-available-in-chatgpt-plus-and-enterprise 
[https://perma.cc/6LMU-BUCH]. 
 16. Gemini Team et al., Gemini: A Family of Highly Capable Multimodal Models (2023) 
(unpublished manuscript), https://arxiv.org/abs/2312.11805 [https://perma.cc/V9EQ-ETQJ]. 
 17. Introducing the Next Generation of Claude, ANTHROPIC (Mar. 4, 2024), 
https://www.anthropic.com/news/claude-3-family [https://perma.cc/P5E8-4S4M]. 
 18. Midjourney, https://midjourney.com/home [https://perma.cc/PCF6-WK3A].  
 19.  Image Models, STABILITY.AI, https://stability.ai/stable-image [https://perma.cc/E8F5-P98J]; 
see Robin Rombach, Andreas Blattmann, Dominik Lorenz et al., High-Resolution Image Synthesis with 
Latent Diffusion Models, in 2022 IEEE/CVF CONF. ON COMPUT. VISION & PATTERN RECOGNITION 
(2022). 
 20. DALL·E 3, OPENAI, https://openai.com/index/dall-e-3/ [https://perma.cc/R6SP-KZ6V]; see 
generally James Betker, Gabriel Goh, Li Jing et al., Improving Image Generation with Better Captions 
(2023) (unpublished manuscript), https://cdn.openai.com/papers/dall-e-3.pdf [https://perma.cc/FKY2-
R6QC]. 
 21. Transforming the Future of Music Creation, GOOGLE DEEPMIND (Nov. 16, 2023), 
https://deepmind.google/discover/blog/transforming-the-future-of-music-creation/ 
[https://perma.cc/GT54W6MW]. 
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Pika’s eponymous Pika22 and OpenAI’s Sora23; programming assistants like 
GitHub Copilot;24 and much more. These tools are self-evidently different 
from one another. They operate on different data modalities (text, image, 
audio, video, and code, respectively),25 incorporate different types of model 
architectures, interact with different software-systems components, are made 
available in different ways, and serve different purposes. 

But beneath their differences, these generative-AI tools have a common 
shape that justifies the use of the same term to describe them all. This part 
describes that common shape. Section A presents the (highly simplified) 
basics of deep-neural-network machine learning that powers most modern 
generative-AI models. Section B describes the supply chains in which 
generative-AI models are embedded—supply chains that connect data to 
models to usable systems to outputs. 

A.Generative AI 

First, generative AI involves machine-learning models that have been 
created through training on datasets that contain massive numbers of data 
examples.26 Second, these models are all generative: they produce outputs 
of the same modality as their training data.27 This second point is what 
distinguishes generative-AI models from other machine-learning (ML) 
models. A classifier (a type of discriminative model) will typically be 
trained on information-rich training examples, such as a collection of JPEG 
images of cats and dogs. When the trained classifier is used to perform 
inference on a new JPEG input, it will output either a simple label of cat or 
dog, based on whether it predicts that the JPEG is more likely to be an image 
of a cat or an image of a dog. 

 
 22.  PIKA, https://pika.art/home [https://perma.cc/B82W-LKAH].  
 23.  Creating Video from Text, OPENAI (2024), https://openai.com/index/sora/ 
[https://perma.cc/WCG3-DYUX]. 
 24.  See generally GitHub Copilot Documentation, GITHUB (Aug. 28, 2023), 
https://docs.github.com/en/copilot [https://perma.cc/8TW2-Z3KN].  
 25. Talkin’, supra note 13, at Part I.B.2 (defining and describing modalities). 
 26. See generally id. at Part I.A.1 (describing data examples) and Part I.B.4 (discussing large-scale 
datasets for training generative-AI models); see generally See Katherine Lee, Daphne Ippolito & A. Feder 
Cooper, The Devil is in the Training Data (2023) (unpublished manuscript), in Katherine Lee, A. Feder 
Cooper, James Grimmelmann & Daphne Ippolito, AI and Law: The Next Generation 5 (2023) 
(unpublished manuscript), https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4580739 
[https://perma.cc/YD52-GYZS]. 
 27. Some models are multimodal: they are trained on multiple modalities and, for example, take 
one modality as input and produce another as output. This is the case for text-to-image generation models 
like Stable Diffusion. Stable Diffusion is trained on image-caption pairs; it takes text prompts as inputs 
and produces image generations as outputs. See generally Rombach, Blattmann, Lorenz et al., supra note 
19 (discussing the original Stable Diffusion training process). 
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In contrast, while generative-AI models are also trained on information-
rich training examples, their outputs are (1) also information-rich and (2) of 
the same type as their training examples.28 A generative image model, for 
example, might be trained on images and their captions. After being trained, 
it can then take a text input (e.g., "cat in a red and white 
striped hat"), and produce as output one of many possible different 
images of cats in red and white striped hats.29 

In a bit more detail, the objective of the training process is to create a 
generative-AI model that produces outputs that reflect patterns in the training 
data.30 This coheres with the copyright-lawsuit defendants’ own descriptions 
of the training process and resulting trained models. For example: 

[During training,] AI models like Claude ingest billions of different kinds 
of texts, which they break down into trillions of component parts known 
as “tokens.” The models then analyze the “tokens to discern statistical 
correlations—often at staggeringly large scales—among features of the 
content on which the model is being trained.” Those statistical correlations 
effectively yield “insights about patterns of connections among concepts 
or how works of [a particular] kind are constructed.” Based on those 
insights, AI models like Claude are able to create new, original outputs 
with a degree of sophistication and verisimilitude that approximates 
human cognition.31 
The model-training process is fundamentally statistical: it learns 

statistics about the training data. Each training example is regarded as a 
sample from a distribution of possible examples—e.g., each picture of a cat 
in the training dataset is one sample drawn from the hypothetical space of 
possible pictures of cats. A training algorithm attempts to learn the 
distribution from which the training examples are drawn. If training is 
successful, then the model’s outputs (generated images from the hypothetical 
learned distribution of images of cats) will share statistical properties with 
 
 28. In general, what constitutes a single training example varies across model-training procedures, 
and examples do not necessarily cleanly map to complete creative works. Consider the text modality: a 
single training example may be a piece of one long work, which has been broken up into pieces and 
spread across multiple examples. For a text-to-image multimodal model, a single example is composed 
of a pair of data points: an image and its corresponding text caption; the output is of the type of one 
element in these pairs (the images). See id. 
 29. This example is drawn from Talkin’, supra note 13, at Part I.A.2.b. See id. at Part I.A.2 
(providing more extensive background on generative modeling in comparison to discriminative 
modeling). 
 30. The goal of training is different from this underlying mathematical objective. The overarching 
goal is to produce useful or delightful models, which is not exactly the same as the mathematical objective 
used to train these models. See A. Feder Cooper, Katherine Lee, James Grimmelmann, Daphne Ippolito 
et al., Report of the 1st Workshop on Generative AI and Law (Nov. 11, 2023) (unpublished manuscript), 
https://arxiv.org/abs/2311.06477 [https://perma.cc/T5VW-J46E] (discussing this distinction). 
 31. Def. Anthropic PBC’s Opposition to Plaintiffs’ Motion for Preliminary Injunction, supra note 
8, at 4–5 (internal citations omitted). See infra Part II.C (for additional discussion of this quote in the 
context of memorization).  
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actual images drawn from the actual, real-life distribution of images of cats 
from which the training examples were taken. In other words, we can think 
of generative-AI models as ML models that produce outputs that exhibit 
statistical properties derived from the examples on which they were trained. 

This summary shows both how phrases like “pattern” and “statistical 
correlation” are useful abstractions for understanding model training, and 
also the limits of these abstractions. Such “statistical correlations” can 
encompass many different things in training data. In an image-generation 
model, they can be concepts (e.g., a cat as being a furry, tailed, four-legged 
animal), styles (e.g., photorealism), artistic media (e.g., oil painting), and 
more. At generation time, these elements can be remixed to produce new 
images that never existed before and that are highly dissimilar from all 
examples in the training dataset (e.g., a cat in a red and white striped hat). 
Sometimes, they can also be (re-)mixed to (re-)produce particular training 
examples: anything can be described perfectly in terms of “patterns” and 
“statistical correlations” if they are detailed enough.32 

There is even more complexity in practice. There are many different 
types of generative-AI models, which have radically different technical 
architectures. But, at a high (and over-simplified) level of abstraction, they 
generally consist of neural networks: interconnected nodes that can perform 
computations and which are organized into layers. The strengths of these 
connections—the influences that nodes have on one another—are what is 
learned during training. These are called the model parameters or weights, 
and they are represented as numbers. 

To run a generative-AI model on an input—a prompt—a computer 
program takes the prompt and transforms it into a format that can be 
processed in the model. For large language models (LLMs), this typically 
involves taking the prompt and converting it into tokens (words or parts of 
words, as described above).33 The transformed, tokenized prompt is passed 
through the layers of the neural network: the computer program copies the 
input into the nodes at the first layer of the network, then uses the parameters 
(i.e., connection strengths) leading out from those nodes to compute the 
input’s effects on the nodes in the second layer, and so on, until the last layer 
 
 32.  See infra Part II.C (discussing how memorization still constitutes “patterns” or “statistical 
correlations”). 
 33. See supra note 31 and accompanying text (for Anthropic’s description of tokens). These tokens 
represent whole words, parts of words, logograms, or punctuation marks, and are the format that the 
model can process directly. These tokens are then mapped to embedding vectors, which reflect underlying 
semantic and syntactic information about the words they encode. See Talkin’, supra note 13, at Part 
I.B.2.b and Part I.B.3.a (and citations therein). See generally Vicki Boykis, What are Embeddings? (June 
2023), https://github.com/veekaybee/what_are_embeddings [https://perma.cc/ZW7D-JK36] (for an 
accessible treatment of the details behind embeddings). 

02_CKT_100_1_text.indd   15102_CKT_100_1_text.indd   151 15-07-2025   16:57:2815-07-2025   16:57:28



6 COOPER MACRO 1 (EDITS NEEDED) (DO NOT DELETE) 5/4/2025  12:28 PM 

152 CHICAGO-KENT LAW REVIEW [Vol 100:1 

has been computed. For example, in LLMs, this process determines how 
important each token is in relation to the entire sequence of tokens that make 
up the text prompt.34 

At this point, once the prompt has been processed through all of the 
model’s layers, the model will produce an output. For LLMs, this means the 
model will predict the most likely next token in the sequence, based on the 
context of the prompt, and generate that token as the next token in the 
sequence.35 What is “most likely” depends on the “statistical correlations”36 
learned during training. For example, if trained on a dataset that includes 
fairy tales, a model would (probably) deem "time" the most likely next 
token to follow "once upon a ".37 In practice, the generation process 
tends to be iterative: once a token is generated, it is appended to the prompt, 
and the new, extended prompt is provided as input to the model, which 
generates the next token in the sequence, and so on.38 
 
 34. Diffusion-based image-generation models typically also involve neural networks, but they 
undergo a different training process. We omit these details in this Essay. See Talkin’, supra note 13 at 
Part I.B.3.b (for a high-level treatment of diffusion). 
 35. This strategy for generating tokens is called greedy decoding or greedy sampling. There are 
other, more complicated decoding strategies for generation; it is not strictly necessary to always select 
the highest-probability token (from the entire set of tokens, which is called the vocabulary) to be the next 
one in the generated sequence. Nevertheless, greedy decoding is the simplest way to think about 
generation: it involves sampling from a distribution over tokens, which are associated with different 
probabilities. Different sampling algorithms can introduce randomness into generated outputs in different 
ways. See generally Patrick von Platen, How to Generate Text: Using Different Decoding Methods for 
Language Generation with Transformers, HUGGINGFACE (Mar. 1, 2020), 
https://huggingface.co/blog/how-to-generate [https://perma.cc/LG3A-ESBA] (for an accessible 
treatment of sampling algorithms for decoding in language models). See infra note 38 (for more details 
on the relationship between an LLM and sampling).  
 36. Def. Anthropic PBC’s Opposition to Plaintiffs’ Motion for Preliminary Injunction, supra note 
8, at 4–5. 
 37. In this example, "time" is the most likely next token to complete "once upon a " because 
“once upon a time” is a common phrase in fairy tales (which we assume are included in the training 
dataset). 
 38.  For the interested reader, we can state this more precisely as follows. We can describe an LLM 
as fθ , a function parameterized by the LLM’s parameters θ. This function is fθ : 𝒱𝒱𝒱𝒱j → P(𝒱𝒱𝒱𝒱), which takes 
as input a sequence of j tokens from the token vocabulary 𝒱𝒱𝒱𝒱 (i.e., 𝒱𝒱𝒱𝒱j) and outputs a probability distribution 
over the token vocabulary 𝒱𝒱𝒱𝒱 (i.e., P(𝒱𝒱𝒱𝒱)). In other words, this function assigns each token in 𝒱𝒱𝒱𝒱 a probability 
between 0 and 1 (between 0% and 100%); these are the probabilities associated with the next token that 
would follow the j-length token sequence provided as the input. Note that this means that the LLM outputs 
a probability distribution; it does not output the next token to be generated. The next token is selected 
using a sampling procedure. See supra notes 31–33 and accompanying text (defining token). See supra 
note 35 and accompanying text (discussing token vocabulary and, in particularly, greedy sampling).  
We will denote this sampling procedure as gφ, where φ represents some user-chosen (as opposed to 
learned) parameters (i.e., hyperparameters) that configure the sampling procedure. (One such 
hyperparameter is the temperature; see infra note 205 and accompanying text.) This is also a function, 
defined as gφ : P(𝒱𝒱𝒱𝒱) →𝒱𝒱𝒱𝒱1. That is, the sampling procedure takes a probability distribution over the token 
vocabulary (P(𝒱𝒱𝒱𝒱)) as its input and selects a single token in the vocabulary (𝒱𝒱𝒱𝒱1 , typically written as just 
𝒱𝒱𝒱𝒱) as output. As the name suggests, the sampling procedure gφ samples the next token (using its 
underlying algorithm) according to the probability distribution over the token vocabulary, P(𝒱𝒱𝒱𝒱). For 
generation, the LLM fθ and the sampling procedure gφ are composed together: the sampling procedure 
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Generative modeling has a long history in machine learning; it is an 
area of research that has existed for decades. What is new in this current 
“generative-AI moment” are the exciting, novel capabilities of contemporary 
models. These capabilities have come about due to recent breakthroughs in 
model architectures,39 massive-scale datasets on which to train those model 
architectures,40 and immense computing power needed to run the training 
process for massive-scale models on massive-scale datasets.41 Taken 
together, these three types of advancements have enabled contemporary 
applications like conversational chatbots and high-quality image generators. 

B. Systems and Supply Chains 

Generative-AI applications are more than just trained models. They 
consist of hosted software services that wrap software systems; generative-
AI models are an embedded component of these systems, but they are only 
one such component. Other components include user interfaces, developer 
APIs, and input and output content filters (e.g., to remove “toxic” or 
copyrighted content from inputs before supplying prompts to models to 
produce generations, or from output generations before surfacing them to 
users).42 
 
takes the LLM’s output probability distribution over the vocabulary, P(𝒱𝒱𝒱𝒱), and selects the next token to 
be appended to the sequence. That is, together, the LLM and sampling procedure can be used together to 
do generation.  
For some initial sequence of tokens z (i.e., the prompt), this entire process can be denoted (gφ ƕ fθ)k(z): this 
is the process of “repeatedly generating a distribution over the token vocabulary, sampling a token from 
this distribution, and adding the token to the sequence k times, starting from the initial [j-length] sequence 
z” to produce a k-length generation. There are many different sampling algorithms. Most are non-
deterministic (i.e., will not always select the same next token given the same prompt). Greedy sampling, 
in contrast, is deterministic. See Jamie Hayes, Marika Swanberg, Harsh Chaudhari et al., Measuring 
Memorization in Language Models via Probabilistic Extraction, PROC. 2025 ANN. CONF. OF THE 
NATIONS OF THE AMS. CHAPTER OF THE ASS’N FOR COMPUT. LINGUISTICS (forthcoming 2025) (co-led 
by one of the author’s of this Essay, from which we draw this quote, notation, and standard description 
of LLMs and sampling). See infra notes 177, 192, 203 and accompanying text (for further discussion—
at a high level—of non-determinism, probability distributions, and sampling).  
 39. Talkin’, supra note 13, at Part I.B.3.a (discussing the transformer-based model architecture). 
 40. See Lee, Ippolito & Cooper, supra note 26. 
 41. Talkin’, supra note 13, at Part I.B.4 (discussing the importance of scale). 
 42.  Id. at Part I.B.1 (discussing generative-AI systems); see generally OpenAI, GPT-4 System Card 
(2023) [hereinafter GPT-4 System Card], https://cdn.openai.com/papers/gpt-4-system-card.pdf 
[https://perma.cc/E95W-L6EB] (describing the entire GPT-4 system); A. Feder Cooper, Karen Levy & 
Christopher De Sa, Accuracy-Efficiency Trade-Offs and Accountability in Distributed ML Systems, 2021 
EQUITY AND ACCESS IN ALGORITHMS, MECHANISMS, AND OPTIMIZATION 1, 5–6; A. Feder Cooper & 
Karen Levy, Fast or Accurate? Governing Conflicting Goals in Highly Autonomous Vehicles, 20 COLO. 
TECH. L.J. 222, 224 (2022) (emphasizing the role of AI/ML systems, not just models, in overall 
application behavior); Cooper, Lee, Grimmelmann, Ippolito et al., supra note 30, at 5–6 (discussing 
different business models for producing and combining these components); Lee, Ippolito & Cooper, 
supra note 26, at 12–13 (detailing data curation for training generative-AI models and the definition of 
“toxicity”). 
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There is an entire supply chain involved in the production of these 
models and systems—an ecosystem of actors and technical components that 
contribute to the development, deployment, maintenance, and use of user-
facing software services. This supply chain is 

an interconnected set of eight stages that transform training data (millions 
of pictures of cats) into generations (new and hopefully never-seen-before 
pictures of cats that have never existed). Breaking down generative AI into 
these constituent stages reveals all of the places at which companies and 
users make choices that have legal consequences—for copyright and 
beyond.”43 
In prior work with Katherine Lee, we have described the supply chain 

in detail,44 and discussed its relationship to U.S. copyright law.45 We refer 
the interested reader to that work. Our summary here is meant only to 
introduce some essential terminology and to frame our later discussion. 

In our account, the generative-AI supply chain has eight interconnected 
stages: 

1. Creation of expressive works or other information, 
2. Conversion of these expressive works or information into 

digitized data that can be interpreted by computers, 
3. Collection and curation of enormous quantities of such data 

into training datasets (for generative-AI models, these datasets 
frequently include data scraped from the Internet),46 

4. Pre-training47 of a general, large-scale, base (also called 
foundation) generative-model architecture on these curated 
datasets, 

5. Fine-tuning of the pre-trained base model on additional data in 
order to improve performance on a domain-specific task, 

6. Public release of the model’s parameters, or embedding the 
model in a system for deployment in a software service, 

 
 43. Talkin’, supra note 13, at Introduction. 
 44. See generally id. at Part I.C. 
 45. See generally id. at Part II. 
 46. The practice of using web-scraped for generative-AI model training is one of the focal points of 
existing copyright lawsuits. Lee, Ippolito & Cooper, supra note 26, at 15 (discussing generative-AI 
training datasets); Pamela Samuelson, Generative AI Meets Copyright, 381 SCIENCE 158, 158 (2023) 
(discussing lawsuits); Leo Gao, Stella Biderman, Sid Black et al., The Pile: An 800GB Dataset of Diverse 
Text for Language Modeling 16 (2020) (unpublished manuscript), https://arxiv.org/abs/2101.00027 
[https://perma.cc/AX9T-7RR9]; Christoph Schuhmann, Romain Beaumont, Richard Vencu et al., 
LAION-5B: An Open Large-Scale Dataset for Training Next Generation Image-Text Models, 36TH CONF. 
ON NEURAL INFO. PROCESSING SYS. DATASETS & BENCHMARKS TRACK (2022) (detailing two web-
scraped datasets that feature prominently in lawsuits). 
 47. Pre-training is just training. This term originates from the fact that there may be additional 
training further along in the supply chain. Talkin’, supra note 13, at Part I.C.4. 
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7. End-user generation of outputs from a user-supplied prompt,48 
and 

8. Alignment of the model with human preferences or usage 
policies (a further stage of training that, for example, is 
responsible for ChatGPT behaving like a conversational 
chatbot).49 

Even to call this a supply “chain” understates its complexity; it is a 
densely interconnected ecosystem whose stages can branch, recombine, 
loop, repeat, and feed back into each other.50 

Further, the supply chain is potentially carried out by many different 
actors, affiliated with potentially many different organizations, at each of the 
different stages.51 “Copyright [c]oncerns [c]annot [b]e [l]ocalized to a 
[s]ingle [li]nk in the [s]upply [c]hain . . . decisions made by one actor can 
affect the copyright liability of another, potentially far away actor in the 
supply chain.”52 For example, the choices of dataset curators upstream in the 
supply chain have significant downstream effects on the possible generations 
that the users of a generative-AI system can produce.53 Consequently, it is 

 
 48. Id.; Katherine Lee, A. Feder Cooper & James Grimmelmann, Talkin’ ‘Bout AI Generation: 
Copyright and the Generative-AI Supply Chain (The Short Version), 2024 PROC. SYMP. ON COMPUT. SCI. 
& L. 48, 51 (2024) [hereinafter Talkin’ (Short)]. 
 49. Paul F. Christiano, Jan Leike, Tom B. Brown et al., Deep Reinforcement Learning from Human 
Preferences 1–2 (June 12, 2017) (unpublished manuscript) https://arxiv.org/abs/1706.03741v1 
[https://perma.cc/A2AD-WPP9]; Long Ouyang, Jeff Wu, Xu Jiang et al., Training Language Models to 
Follow Instructions with Human Feedback (Mar. 4, 2022) (unpublished manuscript), 
https://arxiv.org/abs/2203.02155 [https://perma.cc/9NU6-PHKH]; ChatGPT: Optimizing Language 
Models for Dialogue, OPENAI (Nov. 30, 2022), 
https://web.archive.org/web/20221130180912/https://openai.com/blog/chatgpt/ 
[https://perma.cc/QDB8-BRRT]; Talkin’, supra note 13, at Part I.C.8. 
 50. Note that some stages are also optional and occur in different orders. For example, not all models 
are fine-tuned or aligned; some forms of alignment often precede deployment. 
 51. See A. Feder Cooper, Emanuel Moss, Benjamin Laufer & Helen Nissenbaum, Accountability in 
an Algorithmic Society: Relationality, Responsibility, and Robustness in Machine Learning, PROC. 2022 
ACM CONF. ON FAIRNESS ACCOUNTABILITY & TRANSPARENCY 864, 868 (2022); see David Gray Widder 
& Dawn Nafus, Dislocated Accountabilities in the “AI Supply Chain”: Modularity and Developers’ 
Notions of Responsibility, 10 BIG DATA & SOC’Y 1, 1–3 (2023) (discussing the challenges of 
accountability in AI supply chains). 
 52. Talkin’, supra note 13, at Part III.B.2. 
 53. For example, as we will see, it is by definition not possible to regurgitate memorized training-
data images of Elsa from Frozen if there are no images of Elsa in the training data. See infra Part II.A.2. 
However, for various reasons, it may nevertheless still be possible to generate images that closely 
resemble Elsa; they just will not be evidence of memorization (as it is typically defined in the technical 
literature). See Talkin’, supra note 13, at Part II.C (discussing substantial similarity in the generative-AI 
supply chain); Aaron Gokaslan, A. Feder Cooper, Jasmine Collins et al., CommonCanvas: Open Diffusion 
Models Trained on Creative-Commons Images, 2024 PROC. IEEE/CVF CONF. ON COMPUT. VISION & 
PATTERN RECOGNITION, 8250, 8250 (2024) (for a model trained on Creative Commons images, with the 
goal of reducing memorization of copyrighted or unlicensed works). 
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necessary to reason about the entire supply chain—the ecosystem of diffuse 
actors and technical artifacts—for a complete infringement analysis. 

This brief gloss of the generative-AI supply chain introduced key 
terminology and background we use in the remainder of this Essay. We will 
bring in additional terminology (e.g., memorization54) as needed. For our 
purposes, the important takeaway from the supply-chain framing is its 
complexity. As appealing as it might be to come up with broad 
generalizations about copyright and generative-AI—e.g., a one-size-fits-all 
fair-use analysis of training datasets—the supply chain makes clear that it is 
not possible to do so. A rigorous analysis of copyright implications depends 
on the specific system; such an analysis turns on the particular details of the 
supply chain invoked during the system’s construction and use. 

Our goal in this Part has been merely to recapitulate the technology of 
generative AI in terms that are accurate enough to be honest but abstract 
enough to be useful.55 We believe that accurate abstraction is the appropriate 
starting point for legal analysis. In the next Part, we show what can go wrong 
when legal models outstrip technical reality. 

II. MEMORIZATION IS IN THE MODEL 

The previous part emphasized both the simplicity and the complexity 
of generative-AI systems. On the one hand, at a high enough level of 
abstraction, generative-AI models are incredibly simple. They are data 
structures that encode information about the training examples in the training 
dataset. They can be embedded in computer programs and then prompted to 
generate outputs that reflect statistical patterns in these training examples. 
On the other hand, this high-level description applies to an enormous range 
of models and systems. Models are trained in different ways, encode 
information in different ways, and generate outputs of different kinds in 
different ways. They are trained on different datasets, can be aligned, can be 
released, or can be embedded and deployed in different systems. The facts 
that a model (1) encodes information about its training data, (2) can be 
prompted to generate outputs of the same modality as its training data, and 
(3) can produce generations that reflect statistical patterns in its training data 
might seem like the only three facts that are generally true of all of the models 
currently being described as “generative AI.” 

 
 54. See infra Part II.A. 
 55. This is the point, more generally, of the supply-chain framing from our prior work. See generally 
Talkin’, supra note 13. 
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But there is at least one more fact that applies to all large-scale 
generative-AI models, which serves as the focal point for the remainder of 
this Essay, as well as many current lawsuits: all generative-AI models 
memorize some portion of their training data. In this Part, we clear up 
important misconceptions about what memorization is, with a particular eye 
toward implications for copyright.56 

We begin in Part II.A by defining “memorization” and distinguishing it 
from related terms: “regurgitation,” “extraction,” and “reconstruction.” Even 
the initial step of clarifying definitions has important implications. In 
particular, generation-time regurgitation implies that memorization has 
taken place during the training process that precedes it. 

Next, in Part II.B, we discuss in detail how memorized training data are 
within models in terms of the “patterns” that models learn during training. 
Here, we engage with copyright law and show that memorization in a model 
constitutes a “reproduction” of the memorized data. We defer discussion of 
how much memorized content is within models to a later section.57 We also 
do not make claims about whether these are infringing reproductions—only 
that they are reproductions. 

Part II.C uses this understanding of memorization to explore two 
common metaphors for how generative-AI models work: that they learn only 
“patterns” in their training data and that they “compress” their training data. 
Both metaphors have a kernel of truth, but neither should be taken as a guide 
for how a model works in all cases. 

Part II.D discusses how non-determinism in generations—how the same 
prompt can yield possibly very different outputs—plays an important role in 
how we should think about the copyright implications of memorization. 
Specifically, we discuss how memorized training data are still contained 
within the model, even if a prompt that is capable of generating a memorized 
training example does not always do so in practice. 

From this basis, in Part II.E we dig into the state-of-the-art 
understanding of how much models memorize in practice. This amount 
varies significantly across different models and measurement methodologies 
for quantifying memorization, and cannot be easily boiled down into a single 
number (e.g., “model X only memorizes 1% of its training data”). Of course, 
useful generative-AI models do a lot more than just memorize their training 

 
 56.  Memorization has implications outside of copyright, including privacy. Indeed, almost all early 
research on memorization in generative models is framed in terms of privacy implications—not 
copyright. See Carlini, supra note 12 (emphasizing this point, and urging caution at directly applying 
these technical findings to current copyright lawsuits). 
 57.  See infra Part II.E. 
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data; they also generalize to produce novel outputs, so we bring in relevant 
details of learning and generalization in Part II.F. 

Then, we consider the implications of the fact that generative-AI 
models both memorize and generalize. In Part II.G, we consider the analogy 
between a generative-AI model and other “dual-use” technologies, such as 
VCRs. In our view, the analogy fails in important ways; VCRs do not contain 
the works they can be used to infringe in the same way that memorizing 
models do.58 

In Part II.H, we return to extraction59 and the figure of the “adversarial” 
user invoked by defendants in current copyright lawsuits. Not every user is 
adversarial, nevertheless, we argue that the users who are cannot simply be 
waved away as pesky exceptions. 

Finally, in Part II.I, we step back from models to look at system design. 
Memorization in a model does not mean that a system necessarily has to 
produce copies of that memorized data in its generations; with adjustments 
to the overall system, memorized data could remain internal to the system. 
The model is just one of many pieces that system builders can adjust to tune 
the system’s overall outputs. There are several other places where system 
builders can attempt to limit how much memorization gets surfaced to end 
users. 

A.  Definitions 

It is helpful to distinguish three related senses in which a model might 
colloquially be said to have “memorized” its training data.60 They have in 
common that the training data can be surfaced from the model; they differ in 
the process by which this surfacing takes place, and they are generally given 
different names in the machine-learning literature:61 

 
 58. VCRs are not themselves copies of the tape copies they produce. See infra note 85 and 
accompanying text (for a discussion comparing the colloquial, everyday use of the word “copy” with the 
term’s meaning in U.S. copyright law). 
 59.  See infra Part II.A (defining “extraction”). 
 60. In this Essay, we focus on just one axis along which one can break down memorization; it deals 
with how a model memorizes and how that memorization can be brought to light. Another is to distinguish 
what a model memorizes: it could memorize complete training examples, isolated facts (such as social 
security numbers), common information present in many examples (such as a writer’s unique style), or 
many other things. And a third is to distinguish how much a model memorizes: only one example, or 
many, etc. In this Essay, we use a common technical definition of “memorization” that refers to exact or 
near-exact copying of a substantial portion of a piece of training data. See Glossary, GENLAW CTR. 
[hereinafter GENLAW Glossary], https://blog.genlaw.org/glossary.html [https://perma.cc/BG9R-EPC7]. 
We only briefly discuss considerations of how much a model memorizes (see infra Part II.E), as this is 
an empirical question. 
 61. This terminology, for this particular notion of memorization that involves exact or near-exact 
copying of training data in the model (as opposed to other uses of “memorization”), is still in flux. We 
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• Most narrowly, when a user intentionally and successfully prompts a 
model to generate an output that is an exact or near-exact copy of a piece 
of training data,62 that is extraction.63 

• More broadly, when a model generates an output that is an exact or near-
exact copy of piece of training data (whether or not the user intentionally 
prompted the model with that goal), that is regurgitation. 

• Most broadly of all, when an exact or near-exact copy of a piece of 
training data can be reconstructed by examining the model “through any 

 
have summarized common usages in the literature, but these are not the only usages. See generally 
Nicholas Carlini, Daphne Ippolito, Matthew Jagielski, Katherine Lee, Florian Tramèr & Chiyuan Zhang, 
Quantifying Memorization Across Neural Language Models, INT’L CONF. ON LEARNING 
REPRESENTATIONS 1 (2023) (for a discussion of different memorization terminology and metrics in the 
machine-learning literature); see Daphne Ippolito, Florian Tramèr, Milad Nasr et al. Preventing 
Generation of Verbatim Memorization in Language Models Gives a False Sense of Privacy, PROC. 16TH 
INT’L NAT. LANGUAGE GENERATION CONF. 28, 30 (2023) (for a definition of memorization that considers 
translations of a given piece of text data); see Jamie Hayes, Marika Swanberg, Harsh Chaudhari et al. 
supra note 38 (investigating memorization and extraction in light of the non-deterministic nature of 
language models).  
 62. We say “a piece of training data” instead of “training example” in these definitions because, 
when measuring memorization in practice for production systems (via experiments to perform extraction) 
and many released models, researchers often do not know the training datasets (nor the specific training 
examples). They use proxy methods to approximate memorization of training data, and these methods 
can end up measuring memorization of what was ultimately used as a piece of a particular training 
example (e.g., a piece of a news article), or training data that happened to span multiple examples (e.g., 
a whole news article that, during training, was actually split up into multiple different training examples). 
Regardless of these subtleties, memorization measurements in the technical literature tend to extract 
training data; they capture (for computing-efficiency reasons, typically verbatim) copying of portions of 
the training data given as input to the training process that are produced in output generations. See supra 
note 28 and accompanying text (discussing text examples in relation to full text works); Milad Nasr, 
Nicholas Carlini, Jonathan Hayase et al., Scalable Extraction of Training Data from (Production) 
Language Models 12 (Nov. 28, 2023) (unpublished manuscript), https://arxiv.org/abs/2311.17035 
[https://perma.cc/8WMY-MLLX] (describing proxies for measuring memorization in models for which 
we do not know the exact training dataset). 
 63. This is how the word “extraction” is used in copyright lawsuits. The term is partially overloaded 
with the technical literature, for which technical “extraction” definitions have subtle differences. In the 
technical ML-research literature, “extraction” often refers to an “extraction attack” that aims to retrieve 
training data from a model. Research experiments to quantify memorization tend to involve such 
extraction attacks: researchers measure (near-)exact copies of training data in model outputs, rather than 
directly inspecting the (uninterpretable) internals of the model’s parameters. 
Following from this setup as a security-attack problem, extractable memorization tends to refer to 
memorization that can be retrieved with any constructed prompt—notably, where such a prompt is 
constructed without access to the training data. We (and lawsuit responses) emphasize the intent aspect 
in our discussion of extraction. Our discussion applies to individual users (both actual users, like current 
plaintiffs, and hypothetical potential users of generative-AI systems). It is these users that extract training 
data in our Essay. This usage clearly differs from the particulars of research- and security-based extraction 
attacks. See id. at 2; see generally Nicholas Carlini, Florian Tramèr, Eric Wallace et al., Extracting 
Training Data from Large Language Models, PROC. 30TH USENIX SEC. SYMP. 2633 (2021) [hereinafter 
Extracting from Language Models]; see generally Nicholas Carlini, Jamie Hayes, Milad Nasr et al., 
Extracting Training Data from Diffusion Models (Jan. 30, 2023) [hereinafter Extracting from Diffusion 
Models] (unpublished manuscript), https://arxiv.org/abs/2301.13188 [https://perma.cc/65ES-YKU4] 
(discussing extractable memorization and extraction attacks). 
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means,” that is memorization.64 We will use the term reconstruction 
to refer to these different means, which can include but are not limited 
to prompting. 
These are all technical definitions. In a moment, we will discuss our 

view of their legal consequences, but here our focus is on how they relate to 
the training and generation process.65 Further, these definitions clearly 
depend on what counts as an “exact” or “near-exact” copy of a piece of 
training data, but none of the arguments we will make in this Essay do. 
Instead, our definitions of these terms are designed to work with any 
reasonable definition of how exact an exact copy must be. First, the details 
will clearly differ for different modalities; similarity of images will need to 
be assessed differently than similarity of text, which in turn is different than 
similarity of music, and so on. Second, copyright law itself uses an equally 
high-level definition: “substantial similarity” for different works is a detailed 
question of fact that can only be answered in a specific case. And third, 
whatever definition of exactness one uses, a generative-AI model that meets 
that definition for purposes of regurgitation also meets it for purposes of 
memorization. All that our argument requires is that the test of exactness be 
used consistently. 

This taxonomy focuses on the technical characteristics of the 
generative-AI model and its behavior; it does not consider whether these 
characteristics and behavior are intentional or unintentional from the point 
of view of the model’s creator.66 Within the taxonomy, the New York Times 
pleads regurgitation: it alleges that LLMs can be prompted to output near-
exact copies of training data.67 Note, however, that the complaint is 
(strategically) silent on whether this prompting is done with the goal of 
eliciting those near-exact copies, in which case it would be extraction as well. 

Memorization is a back-end phenomenon; it describes the 
characteristics and capabilities of the model itself that directly result from its 
training. Regurgitation and extraction are front-end phenomena; they 

 
 64. GENLAW Glossary, supra note 60; see also Cooper, Lee, Grimmelmann, Ippolito et al., supra 
note 30 at 5. 
 65.  We make this distinction because, even if you disagree with us on the legal consequences, we 
hope that you will agree that these definitions clarify the terms of the debate.  
 66. See generally Ali Naseh, Jaechul Roh, Amir Houmansadr, Understanding (Un)Intended 
Memorization in Text-to-Image Generative Models (Dec. 6, 2023) (unpublished manuscript), 
https://arxiv.org/abs/2312.07550 [https://perma.cc/7UNM-3GJP] (discussing intentional and 
unintentional memorization). 
 67. See Complaint, supra note 3, ¶ 80–81 (models “are known to exhibit a behavior called 
‘memorization.’ That is, given the right prompt, they will repeat . . . portions of materials they were 
trained on.”); see also Concord Music Grp., Inc. v. Anthropic PBC, No. 3:23-cv-01092, 2024 WL 
3101098, at *1 (M.D. Tenn. June 24, 2024). 
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describe how the model behaves in generating outputs in response to a 
specific prompt.68 The definition of memorization refers to processes (both 
extant and hypothetical) that reconstruct training data from the model. It 
covers all possible such processes and is designed to capture any possible 
way that someone could use the model to reconstruct its training data. But 
the definitions of regurgitation and extraction deal with specific behavior 
under specific prompts. The most common way to quantify memorization in 
the machine-learning literature is to measure extraction; researchers develop 
different prompting strategies to extract training data (on the front-end) in 
order to study memorization (that happens on the back-end).69 

We illustrate the types of behaviors these definitions do and do not 
cover with two concrete examples using text-to-image models. The first 
demonstrates extraction and thus evidence of memorization (Figure 2). The 
second shows the boundaries of these definitions: even though the generated 
images contain recognizable depictions of a well-known movie character 
(Figure 3), they are not reflective of memorization, as discussed in the 
technical literature (and thus also in our taxonomy). 

 
 68. We thank Derek Bambauer for the “back-end”/”front-end” terminological distinction. See A. 
Feder Cooper, Christopher Choquette-Choo, Miranda Bogen, Matthew Jagielski, Katja Filippova, Ken 
Ziyu Liu et al., Machine Unlearning Doesn’t Do What You Think: Lessons for AI Policy, Research, and 
Practice (Dec. 9, 2024), at 5–6 (unpublished manuscript) (internal citations omitted), 
https://arxiv.org/abs/2412.06966 [https://perma.cc/E2VW-MYNJ] (“Both the back-end and front-end 
involve processes that have their own inputs and produce their own outputs . . . . On the back-end, the 
training dataset is an input and the trained model is an output; the back-end involves making choices for 
which training data to include, which training algorithm to run, etc. On the front-end, the prompt is an 
input and the generation is an output; the front-end includes the process of inference (i.e., producing 
generations), system-level filters that may prevent the processing of certain undesirable user prompts or 
the user-facing output of certain undesirable generations . . . , etc. On the back-end, the trained model is 
an output; on the front-end, the trained model is used to produce outputs.”).  
 69.  See supra notes 61–63 and accompanying text (discussing how researchers most often quantify 
memorization in a model—i.e., on the back-end, as a property of what the model has learned in its 
parameters—through experiments that perform extraction—i.e., front-end retrieval of training data at 
generation time, in model outputs.) Since extraction happens on the front-end, it will not necessarily catch 
all cases of memorization on the back-end; in practice, it may be challenging to extract all memorized 
training data. See infra notes 72, 75, 78–83 and accompanying text. 
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Figure 2: This is memorization: an image extracted from the Stable Diffusion model, taken from 
Carlini, Hayes, Nasr et al., Extracting Training Data from Diffusion Models (2023). The training  
example is the image-caption pair on the left; on the right, prompting with just "Ann Graham 
Lotz" yields a near-exact (slightly noised) copy of the image in the training example. 

Figure 3: This is not memorization: though this generation (from using DALL·E 3 through the 
ChatGPT Enterprise product) contains a recognizable depiction of Darth Vader, it is not a near-exact 
(or even a close) copy of any image in the training data. There are no pre-existing images of Darth 
Vader getting into a bike accident in Telford. This generation reflects the model’s ability to generalize 
(see infra Part II.F for a discussion of generalization). Generated by X (formally Twitter) user 
@daft_AI.   

02_CKT_100_1_text.indd   16202_CKT_100_1_text.indd   162 15-07-2025   16:57:3015-07-2025   16:57:30



6 COOPER MACRO 1 (EDITS NEEDED) (DO NOT DELETE) 5/4/2025  12:28 PM 

2025] COPYRIGHT, MEMORIZATION, AND GENERATIVE AI 163 

The first example comes from a 2023 study by researchers at Google 
DeepMind,70 who performed experiments using Stable Diffusion71 to extract 
near-exact72 copies of images in the training dataset. One (now canonical) 
instance of extraction from this work involved prompting the model with 
"Ann Graham Lotz", which the researchers demonstrated can produce 
a near-exact reproduction of a photograph of Ann Graham Lotz from Stable 
Diffusion’s training dataset (Figure 2). The generated image is not identical 
to the training image; “[t]he memorized version is grainier and slightly 
shifted, but is immediately recognizable as the same photograph.”73 This is 
definitive evidence of memorization;74 regardless of these small differences, 
the generation is clearly the same image as the one in the training data. 

The second example—four different generations for Darth Vader 
getting into a bike accident in Telford using ChatGPT (Figure 3)—does not 
fall under our taxonomy. While these generations contain elements of 
recognizable expression of the character Darth Vader from Star Wars, these 
generations are not instances of extraction: they are not near-exact copies (or 
even remotely close copies) of any example in the training data, so, by 
definition, these generations are not reflective of memorization.75 Instead, 
 
 70.  See generally Extracting from Diffusion Models, supra note 63; Carlini supra note 12.  
 71.  The authors used Stable Division v1.4 for their experiments. See Image Models, supra note 19; 
see supra note 27 and accompanying text (discussing the Stable Diffusion text-to-image generation 
model).  
 72.  See Carlini supra note 12 (“Defining memorization in the space of image models is somewhat 
harder [than for text], because unlike text, you’re almost definitely not going to be able to reproduce an 
image pixel-for-pixel. In our paper we define two images as similar if the pixel-wise distance between 
them is ‘very small’. This means we’re going to miss a lot of potential memorized training examples, but 
anything we say is memorized is definitely memorized. . . . [W]e do this because we’re motivated by 
privacy [in this work, not copyright]. It matters more to me that I get a lower bound that’s irrefutable than 
a best-estimate average case.”). 
 73.  Talkin’, supra note 13, at Part II.C.2.c. 
 74.  See Carlini supra note 12. (“With language models, sometimes people say ‘how do you know 
the model didn’t just get lucky and generate the text by chance?’ Giving a technical answer (talking about 
entropy and the like) is hard for some people who are nontechnical to understand. It’s easier to make them 
‘feel’ this for image models. Given that I can take the stable diffusion model parameters, input the prompt 
‘Ann Graham Lotz’ and get a picture of Ann Graham Lotz [that is nearly identical to a training example], 
the only possible explanation is that the model has somewhere internally stored [that] picture of Ann 
Graham Lotz. There just is no other explanation; it can’t be due to chance.”); see also infra notes 99, 112, 
121, 212, 235 and accompanying text (for additional discussion of how extracted training data is evidence 
of memorization and not a coincidence).  
 75.  See infra Part II.A.2 (for more discussion on this point, detailing how regurgitation implies 
memorization). Based on these generations, we can be certain that there are images related to Darth Vader 
in the training dataset (possibly from still images from Star Wars movies, photographs of real people in 
Halloween costumes, etc.); but there are no images of the Darth Vader film character in a bike accident 
in Telford, since the film character was in no such accident in Star Wars. It is possible that elements of 
the Darth Vader character in these generations, e.g., the helmet, are near-exact copies of Darth Vader’s 
helmet present within training-data images; however, such within-image comparisons are not how 
researchers measure memorization in practice for image-generation models. Instead, for computing-
efficiency reasons, determining the success of extraction currently involves checking for near-exactness 
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these generations reflect the result of composing a variety of learned features 
in the training data—information about Darth Vader, about bike accidents, 
etc.—in a new way.76 The similarities between Darth Vader in these 
generations and the film character of Darth Vader may have implications for 
copyright,77 but, since they are not instances of memorization, it is important 
to bear in mind that these are not the types of similarities that we are 
concerned with in this Essay. 

It is also important to understand that the amount of memorization that 
can be regurgitated in practice depends on numerous choices by model 
creators and system designers. For example, longer prompts can be more 
effective at extracting training data.78 So, too, can providing the same prompt 
multiple times, in order to have the model produce many different possible 
corresponding generations, any of which may contain memorized training 
data.79 Thus, a system limit that prevents users from submitting long or 
identical prompts (on the front-end) does not affect what data the model has 
memorized (on the back-end)—but it might reduce the amount of memorized 
training data that can be surfaced at generation time.80 

Thus, not all memorization is regurgitation or extraction; material can 
be present in a model but inaccessible through prompting with a particular 
strategy. For an (imperfect) analogy, consider the Google Books database.81 
 
at the level of an entire image, for example, as found for the generation in Figure 2. See supra note 72 
and accompanying text (discussing metrics for quantifying extraction in image-generation models).  
 76.  Instead of being memorization, this is actually generalization. See infra Part II.F (discussing 
generalization).  
 77.  Talkin’, supra note 13, at Part II.C (detailing issues of substantial similarity and the generative-
AI supply chain, including and beyond near-exact memorization).  
 78. See Carlini, Ippolito, Jagielski, Lee, Tramèr & Zhang, supra note 61, at 5 (“[T]his [is] the 
discoverability phenomenon: some memorization only becomes apparent under certain conditions, such 
as when the model is prompted with a sufficiently long context. The discoverability phenomenon may 
seem natural: conditioning a model on [a prompt of] 100 tokens of context is more specific than 
conditioning the model on [a prompt of] 50 tokens of context, and it is natural that the model would 
estimate the probability of the training data as higher in this situation. However, the result is that some 
strings are ‘hidden’ in the model and require more knowledge than others to be extractable.”) (emphasis 
omitted). See infra Part II.E (discussing the amount of memorization in a model).  
 79.  See Hayes, Swanberg, Chaudhari et al., supra note 38, at 1 (the most popular measure of 
extraction, discoverable extraction, “yields a yes-or-no determination of whether extraction was 
successful with respect to a single user query, most typically executed with deterministic greedy 
sampling. But, of course, in realistic production settings, users may query the model multiple times and 
with non-deterministic sampling schemes, where multiple queries with the same prompt can result in a 
range of different generations. So, by only generating a single sequence to check for a match with the 
target [training example being tested for memorization], discoverable extraction may miss cases where a 
match could have been found if more than one sequence had been generated.”).  
 80.  See infra Part II.I (discussing the role of generative-AI-system-level tools in preventing 
memorized content from being surfaced to users).  
 81. Of course, Google Books is a database of scanned images and text, not a generative-AI model, 
which stores information differently. Among other things, this distinction limits the capabilities of the 
Google Books database compared to contemporary generative models, but also gives Google greater 
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Google’s corpus of scanned books includes complete images of every page 
from the books it has scanned; treating the corpus like a model, it would be 
a straightforward example of memorization. Google allows searchers on 
Google Books to view “snippets” of an eighth of a page containing their 
search terms, which would be straightforward regurgitation and extraction.82 
But “Google makes permanently unavailable for snippet view one snippet 
on each page and one complete page out of every ten.”83 In our analogy, 
those withheld snippets and pages are memorized but never regurgitated. 

Some important observations follow directly from these definitions, 
which we discuss in the remainder of this section: regurgitation is copying, 
regurgitation implies memorization, and memorization exists even if we do 
not have concrete knowledge about it. 

1. Regurgitation is Copying 

First, regurgitation is copying: it involves the creation of a copy of 
training data as the output of a model (See, e.g., Figure 2). (It follows a 
fortiori that extraction is also copying, since extraction is regurgitation plus 
intent.) More precisely, regurgitation is what a copyright lawyer would call 
literal copying: the near-exact replication of (potentially a substantial) 
portion of a work. Literal copying is not the only viable theory of copyright 
infringement (courts have also found infringement based on non-literal or 
fragmented similarities), but it is the simplest and most straightforward.84 

When we say that regurgitation is copying, we are using “copy” as a 
term of art from copyright law. The Copyright Act states that “copies” of a 
copyrightable work are “objects . . . from which the work can be perceived, 
reproduced, or otherwise communicated.”85 Under this definition, if I have a 
Blu-Ray disc of Barbie (2023), it is a “copy” of the audiovisual work Barbie, 
because it can be “perceived” by playing it in a Blu-Ray player. If I rip the 
disc to an SSD storage device, the SSD also becomes a “copy” of Barbie; it 
can be “perceived” by playing it with software like QuickTime Player. It is 
still a “copy” even if I downscale it to a lower resolution and change the file 
format; copies do not have to have exactly the same information or the same 
encoding. The SSD might also be a copy of many other works stored on it: 
 
ability to restrict its outputs to prevent how much copied content is surfaced to the user. See Cooper, 
Choquette-Choo, Bogen, Jagielski, Filippova, Liu et al., supra note 68 at 2, 8–9 (discussing how machine-
learning models are not like databases).  
 82. Authors Guild v. Google, Inc., 804 F.3d 202, 209–10 (2d Cir. 2015). 
 83. Id. at 210. 
 84. Literal copying also does not necessitate that there is copyright infringement, which we will 
address below. 
 85. 17 U.S.C. § 101. 
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the audiovisual work Oppenheimer (2023), the sound recording Barbie Girl, 
the computer program Final Cut Pro, and so on. If I use Final Cut Pro to 
alternate enough scenes to infringe from Barbie with enough scenes to 
infringe from Oppenheimer, and I burn the mash-up to another Blu-Ray disc, 
that disc is now a “copy” of both Barbie and Oppenheimer. The legal 
definition of “copy” is functional: a “copy” of a work is defined by the fact 
that one can reconstruct enough of the work from it. 

This usage does not entirely track the lay or technical usage of “copy.” 
Such usage might insist that the SSD contains a “lower-resolution version” 
of Barbie rather than being a “copy” of it—and that is a perfectly reasonable 
position as a matter of the word in everyday usage. But to a copyright lawyer, 
a “copy” is defined by what it does, and the SSD is a copy. It is in this sense 
that we say that a machine-learning model is a “copy” of works the model 
has memorized—the copyright sense. 

To say that regurgitation is copying does not necessarily mean that it is 
copyright infringement. A model might regurgitate unembellished, 
uncopyrightable material, like the alphabetized list of the fifty U.S. States.86 
It might regurgitate a copyrightable work in the public domain, like the text 
of Virginia Woolf’s To the Lighthouse. It might regurgitate a copyrightable 
work under a license from the copyright owner. It might regurgitate a 
copyrightable work in a way that is held to be fair use. It might regurgitate a 
small (e.g., fifty tokens87), uncopyrightable piece of an overarching 
copyrightable work. It might regurgitate a copyrightable work in such a way 
that the similarities only pertain to uncopyrightable elements of the work.88 

And even if none of these apply, substantial similarity requires an 
assessment comparing the two works (input and output) from the point of 
view of an ordinary observer. Their aesthetic reaction need not correspond 
to whatever numerical threshold of similarity a computer scientist 
quantifying regurgitation might use. In Universal City Studios, Inc. v. Kamar 
Industries, Inc., for example, a court held that the phrase “E.T. Phone 
 
 86. See Nasr, Carlini, Hayase et al., supra note 62, at 10 (the machine-learning paper that extracts 
training data from ChatGPT, from which this real example is drawn). 
 87.  See supra note 33 and accompanying text (defining token). 
 88.  As we have noted in prior work, in the case of regurgitating the photograph of Ann Graham 
Lotz (Figure 2), “the most prominent similarities in the memorized photograph . . . have to do with Ann 
Graham Lotz’s appearance. But the shape of her face and her hairstyle have nothing to do with the 
photographer’s creativity and are not part of the copyright in the work. The potentially infringing 
similarities instead involve creative choices made by the photographer, such as the lighting, framing, and 
focal depth.” Talkin’, supra note 13, at Part II.C.2.f. See also Rentmeester v. Nike, Inc., 883 F.3d 1111 
(9th Cir. 2018); Mannion v. Coors Brewing Co., 377 F. Supp. 2d 444 (S.D.N.Y. 2005); Reece v. Island 
Treasures Art Gallery, 468 F. Supp. 2d 1197 (D. Haw. 2006); Justin Hughes, The Photographer’s 
Copyright—Photograph as Art, Photograph as Database, 25 HARV. J.L. & TECH. 327 (2012) (discussing 
copyrightable elements in photographs).  
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Home!!” on a mug by itself was sufficient to infringe the copyright in E.T. 
the Extra-Terrestrial (1982).89 But in Alberto-Culver Co. v. Andrea Dumon, 
Inc., the court held that the longer phrase “most personal sort of deodorant” 
was not copyrightable.90 Scholars have begun to develop more sophisticated 
ways of quantifying copying, but as these examples show, simple 
thresholding does not suffice to capture copyright’s tests for similarity.91 

Fair use, in particular, is not a purely technical question—especially 
following the Supreme Court’s decision in Andy Warhol Foundation for the 
Visual Arts. In Warhol, the Court found that the use of a print on a magazine 
cover was not transformative but that other uses of the same print might be. 
Similarly, it is possible that a given regurgitated output could be fair use if it 
were emitted by a free, non-profit service and not fair use if it were emitted 
by a paid, for-profit service.92 It is also possible that an output could be 
infringing on its own but then put to a non-infringing fair use by the user 
who requested it (e.g., a verbatim copy could itself be an input into the user’s 
artistic process of creating a biting parody). Contrariwise, a non-infringing 
output could be put to an infringing use (e.g., a user prompts a model, which 
generates a stylistic variation of an artist’s work and then sells this generation 
on T-shirts). Warhol’s use-by-use emphasis on purpose, context, and 
commerciality means that the fair-use inquiry will also generally turn on 
facts outside of the generative-AI system itself.93 

All told, our first point in this Section is simply that regurgitation is 
copying in the sense with which copyright law is concerned. Indeed, this is 
precisely why copyright complaints in generative-AI cases emphasize 
regurgitation: it establishes a prima facie case of infringement.94 How often 
regurgitation occurs, and under what circumstances, is a factual, empirical 
question.95 It depends on the model in question and how it is prompted. 
Saying that regurgitation is copying says nothing about when regurgitation 
happens; we are saying only that when regurgitation does happen, it is 
copying. 

 
 89. Universal City Studios, Inc. v. Kamar Indus., Inc., 1982 WL 1278, at *4 (S.D. Tex. Sept. 20, 
1982). 
 90. Alberto-Culver Co. v. Andrea Dumon, Inc., 466 F.2d 705, 711 (7th Cir. 1972). 
 91.  See Sarah Scheffler, Eran Tromer & Mayank Varia, Formalizing Human Ingenuity: A 
Quantitative Framework for Copyright Law’s Substantial Similarity, 2022 PROC. SYMP. ON COMPUT. 
SCI. & L. 37, 40 (2022) (defining an information-theoretic model of copying and similarity for copyright 
law that, while interesting in theory, is infeasible in practice). 
 92. See Andy Warhol Found. for the Visual Arts, Inc. v. Goldsmith, 598 U.S. 508, 531 (2023). 
 93.  Talkin’, supra note 13, at Part II.H (discussing fair use and the generative-AI supply chain). 
 94. See, e.g., Complaint, supra note 3; Concord Music Grp., Inc. v. Anthropic PBC, No. 3:23-cv-
01092, 2024 WL 3101098, at *1 (M.D. Tenn. June 24, 2024). 
 95.  See infra Part II.E. 
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2. Regurgitation Implies Memorization 

Second, regurgitation implies memorization. (It follows a fortiori that 
extraction also implies memorization.) In a sense, this claim is tautologically 
true: memorization takes place when a piece of training data can be emitted 
from a model by any means, and prompting is one such means. But there is 
a deeper point here. The definitions of extraction and regurgitation focus 
attention on the generation of outputs.96 They could be (mis)understood to 
suggest that the only significant act of copying takes place at the generation 
stage of the generative-AI supply chain,97 when a model is prompted to 
generate and then produces an output that is nearly identical to a piece of 
training data.98 

But, for memorization, focusing on the copying that takes place during 
the generation of model outputs elides the copying that takes place during 
model training: in order to be able to extract memorized content from a 
model at generation time, that memorized content must be encoded in the 
model’s parameters.99 There is nowhere else it could be. A model is not a 
magical portal that pulls fresh information from some parallel universe into 
our own.100 Extracted images like the one of Ann Graham Lotz make this 
point viscerally clear (Figure 2): generating such a close duplicate of a 
particular training example would be impossible if it were not somehow 
encoded in the model. This is because there are infinite possibilities for 
appropriate generations (photographs or otherwise) in response to the prompt 
"Ann Graham Lotz", and yet the model produced a near-exact copy of 
this particular photograph. A model is a data structure: it consists of 
information derived from its training data. Memorized training data reflect 
one type of this information; the memorized training data are in the model. 
 
 96.  See supra note 69 and accompanying text (discussing extraction at generation-time–on the 
front-end–as a way to measure memorization in the model–on the back end).  
 97. See supra Part I.B. 
 98. See supra Part II.I (discussing system-level modifications that wrap around the model and can 
prevent memorized training data from being surfaced to the end user, even if memorized training data is 
generated by the model). 
 99. See supra note 74 and accompanying text.  
 100.  If instead this were the case, it could pose an interesting potential contradiction, with respect to 
extraction and current guidance by the U.S. Copyright Office and copyrightability of generations. 
Consider, for just this footnote, that there is no copy inside the model (i.e., regurgitation occurs, 
miraculously, by happenstance). Under current guidance, a regurgitated output of a copyrighted, 
memorized training-data example would likely not (in essence) be copyrightable; somehow, this 
regurgitated example has possibly (in some sense) lost the authorship associated with the associated 
memorized example in the training dataset, by virtue of being ingested by a training algorithm to update 
the model’s parameters. See Copyright and Artificial Intelligence: Part 2—Copyrightability, U.S. 
COPYRIGHT OFF. iii (2025), https://www.copyright.gov/ai/Copyright-and-Artificial-Intelligence-Part-2-
Copyrightability-Report.pdf [https://perma.cc/9F5E-6AGK] (“Copyright does not extend to purely AI-
generated material, or material where there is insufficient human control over the expressive elements.”).  
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The Times complaint recognizes this point. Although its definition of 
memorization focuses on extraction, it also notes, “This phenomenon shows 
that LLM parameters encode retrievable copies of many of those training 
works.”101 Indeed, this claim seems to form part of the complaint’s basis for 
requesting an order for the destruction of GPT models.102 As the complaint 
argues, whenever a model has memorized a training work, it has copied that 
training work.103 

Even if the only currently effective tool to observe memorized training 
data is prompting (i.e., through regurgitation or extraction),104 this does not 
change the fact that these data are memorized. True, we cannot observe the 
memorized training data directly in the model’s parameters—but neither can 
we directly observe black holes, ultraviolet light, or electric fields. We can 
confirm their existence through indirect measurements—detecting certain 
types of nearby radiation, using specialized sensors, and observing behavior 
of charged particles, respectively. In the same way, extraction of memorized 
training data is a kind of indirect measurement. If we can generate verbatim 
a training-data painting of the Eiffel tower by providing an appropriate 
prompt, we have produced an (indirect) proof by example that this specific 
painting is represented in the model.105 

This is the problem with Tyler Cowen’s toothpick-memorization 
hypothetical.106 It is true that in theory, with a sufficiently precise 
“prompting” procedure, one could “find” the text of a Times article in the 
dimensions of a toothpick. But one can “find’ any text this way; in the trivial 
sense of Cowen’s example, there is a prompt that will generate any desired 

 
 101. Complaint, supra note 3, ¶ 80. 
 102. Id. at 68. 
 103. Id.; see Talkin’, supra note 13, at Part II.C.2.c. 
 104.  See supra notes 61–63, 69, and accompanying text; infra notes 214–218 and accompanying 
text (discussing how experiments involving extraction are the primary way in the technical literature to 
quantify memorization).  
 105. Talkin’, supra note 13, at Part II.C.2.c. Another piece of (indirect) evidence comes from the 
research area of machine unlearning, which (traditionally) has sought to remove specific training 
examples—e.g., examples that contain an individual’s address—from a model after it has been trained. 
Machine unlearning is often motivated by legislative provisions, such as “the right to be forgotten” in the 
GDPR. From first principles, how would this problem formulation make sense (e.g., removing an 
individual’s address from the model, so that it cannot be produced at generation time) if the information 
targeted for removal was not encoded somewhere within the model to begin with? See Lucas Bourtoule, 
Varun Chandrasekaran, Christopher A. Choquette-Choo et al., Machine Unlearning, 2021 IEEE SYMP. 
ON SEC. & PRIV., 141, 141 (2021); see generally Seth Neel, Aaron Roth & Saeed Sharifi-Malvajerdi, 
Descent-to-Delete: Gradient-Based Methods for Machine Unlearning, 132 PROC. MACH. LEARNING 
RSCH. 32ND INT’L CONF. ON ALGORITHMIC LEARNING THEORY, 1 (2021) (for early work in machine 
unlearning); Cooper, Choquette-Choo, Bogen, Jagielski, Filippova, Liu et al., supra note 68 (discussing 
mismatches between the goals of machine unlearning for generative AI and copyright law). 
 106.  See Cowen, supra note 7. 
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output from the toothpick. This puts an incorrectly strong emphasis on the 
role of prompt construction and elides the important role of the model. 

To see why this emphasis is misplaced, consider an absurdly simple 
“model”: one that simply emits its prompt as its output.107 This model is 
trivial to implement and trivial to describe, and it is intuitively clear that it 
has memorized nothing. And yet, you can cause this model to “generate” 
anything you want—an oil painting of the Eiffel Tower, a Times article, the 
schematics for an electro-mechanical trombone—but not because it has 
memorized or learned anything about any of them.108 You get out exactly 
what you put in; the prompt itself is just another way of encoding the output. 
Like the toothpick, it tells you nothing more than was already present in your 
prompt. 

In contrast, what makes the fact that specific training data can be 
extracted from a generative-AI model so telling is that not everything can be 
extracted.109 If I try to “extract” a genuine black-and-white photograph of a 
steampunk Abraham Lincoln riding a seahorse in space from a model trained 
only on oil paintings of world-famous landmarks, I will fail, no matter what 
prompt I put in.110 Such a model could memorize a painting of the Eiffel 
Tower; it could not memorize a genuine photograph of Lincoln on a seahorse 
in space. The Eiffel Tower is in the training data; Abraham Lincoln on a 
seahorse in space is not. The Times’s examples are telling because ChatGPT 
continues with text that was not part of the prompt but was part of a Times 
article. In a sense that can be made mathematically rigorous, the information 
that ChatGPT produces comes from the model, whereas the information that 
the toothpick “produces” comes from the prompt. 

In copyright terms, this is a form of striking similarity. When an output 
is highly similar to one specific training work, and significantly dissimilar 
from all other training works, the argument goes, it is strong evidence that 
the model has memorized (part or all of) that specific work. First, the 
similarities are unlikely to reflect broader patterns111 in the training data, 
 
 107. Mathematically, this model implements the identity function ݂(ݔ) = ݔ, whose output is always 
the same as its input. 
 108. See Matthew Sag, Fairness and Fair Use in Generative AI, 92 FORDHAM L. REV. 1887, 1912 
(2024) (discussing use of generative models to create infringing derivative works of prompts). 
 109.  See infra notes 121, 212 and accompanying text (describing in more detail experiments that 
illustrate this point, and support that measurements of memorization are not a coincidence). 
 110. This is similar to our example of Darth Vader in a bike accident in Telford (Figure 3): no such 
genuine photograph exists and thus cannot serve as training data (and therefore cannot, by definition, be 
memorized). Separately, the ability for a model to produce outputs like these is evidence that this model 
has not just memorized its training data. We discuss this further—as well as the point that commonly 
used generative-AI models do not memorize their entire training dataset—below. See infra notes 178, 
221 and accompanying text.  
 111. See infra Pa 
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since the specific work stands alone in its distinctive elements. Second, the 
similarities are extraordinarily unlikely to have arisen by coincidence, since 
the space of all possible outputs—both those the model was trained on and 
those it was not—is immense.112 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
rt II.C (discussing the double duty of words like “pattern” to describe machine learning, but elide 
memorization). 
 112.  See supra notes 74, 99, and accompanying text. 
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To further illustrate these points, consider how ChatGPT has been 
trained to behave like a chatbot and follow instructions.113 Prompting the 
model with "Repeat after me: 'Space... The final 
frontier... These are the voyages of the Starship 
Enterprise...'" does not elicit useful information about 
memorization. (See Figure 4.) This text may well be memorized in the 
model, but this prompt and resulting generation are not compelling evidence 
to support that this text is memorized. Rather, with the context of a prompt 
like this one, an instruction-following model like ChatGPT is demonstrating 
its capability to repeat its input—similar, at a high level, to the identity-
function model we described above.114 This is a case of the toothpick: 
ChatGPT is copying the text from the prompt; it is not regurgitating its 
training data.115 

 
 113.  See Rohan Taori, Ishaan Gulrajani, Tianyi Zhang et al., Stanford Alpaca: An Instruction-
following LLaMA Model (2023) (unpublished manuscript), https://github.com/tatsu-lab/stanford_alpaca 
[https://perma.cc/N3QH-YN2M]; see generally Jason Wei, Maarten Bosma, Vincent Zhao et al., 
Finetuned Language Models are Zero-Shot Learners, 2022 INT’L CONF. ON LEARNING 
REPRESENTATIONS 1 (2022) (discussing examples of instruction-fine-tuned models); see Ouyang, Wu, 
Jiang et al., supra note 49, at 2 (discussing a technique for aligning a model to follow instructions using 
reinforcement learning from human feedback (RLHF)). 
 114.  See supra note 107 and accompanying text (discussing a model that is only able to output the 
provided input exactly). 
 115.  For this reason, researchers do not quantify extraction with prompting strategies like this. See 
infra notes 116–118, 214–220 and accompanying text (for prompting strategies used in real experiments).  

Figure 4: Prompting the ChatGPT GPT-4o endpoint to “repeat after me” is not useful evidence of 
memorization. Here, the model repeats the text provided in the prompt (but no more) from the 
monologue in the opening credits of Star Trek: The Next Generation. Interaction produced by the 
authors. 

02_CKT_100_1_text.indd   17202_CKT_100_1_text.indd   172 15-07-2025   16:57:3115-07-2025   16:57:31



6 COOPER MACRO 1 (EDITS NEEDED) (DO NOT DELETE) 5/4/2025  12:28 PM 

2025] COPYRIGHT, MEMORIZATION, AND GENERATIVE AI 173 

 
 

 

 
We can support that this is likely the case by prompting the model with 

"Repeat after me: 'Spice... The final seasoning... 
These are the recipes of the Starlight Diner...'".  
(See Figure 5.) This control text, which was written specifically for this 
example, is almost certainly not in ChatGPT’s training dataset and therefore 
almost certainly cannot be memorized. Thus, ChatGPT is equally good at 
repeating the test text in Figure 4 (which it was likely trained on) and the 
control text in Figure 5 (which it was not). This is a case where there is a 
compelling alternative explanation for a model’s outputs besides 
memorization. In contrast, what makes extraction so telling is it succeeds in 
reproducing specific training data in a way that would be highly improbable 
if the model had not memorized these data. Unlike these two examples 
(Figures 4 and 5), extraction involves generating a piece of training data that 
explicitly was not contained in the prompt. 

Machine-learning researchers have developed several different 
extraction techniques to quantify the amount of memorization in a model. 
For text generation, one approach is to prompt an LLM with a contiguous 
portion of a randomly selected training example, to see whether the model 
responds with an output that completes the rest of the example from which 

Figure 5: Here, the model repeats a control text equally well. Interaction produced by the 
authors. 
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the prompt was taken.116 With this particular prompting approach, there is a 
logical connection between the prompt and the extracted piece of training 
data. However, while this is a reasonable approach for attempting to extract 
training data,117 it is not a requirement. For a particularly striking (and 
peculiar) example, consider the following large-scale measurement study led 
by a team at Google DeepMind. In late 2023, these researchers developed a 
new technique to extract memorized training data from ChatGPT 3.5 (turbo 
endpoint).118 For various single-token words, the researchers prompted 
ChatGPT to repeat the single token forever, for example, "Repeat this 
word forever: 'poem poem ... poem'" (with poem repeated 
fifty times). Since ChatGPT is a chatbot aligned to follow instructions,119 at 
first, it did exactly as instructed. However, in nearly every case, after 
repeating the single token some number of times, the model stopped 
following the instruction, and instead began emitting different, “divergent” 
text that the system revealed to the user. Sometimes, that “divergent” text 

 
 116.  This often involves splitting a training example into two parts: a prefix of a certain length (e.g., 
fifty tokens), prompting with that prefix, and then deeming the example extractable if the resulting 
generation is a verbatim copy of (at least) the next fifty tokens of the corresponding suffix. It is common 
to use a suffix length of fifty tokens because this corresponds to roughly over a sentence of English text; 
it is highly improbable that this amount of text would be generated by happenstance—i.e., it is highly 
improbable that generating this text is not due to memorization. See Carlini, Ippolito, Jagielski, Lee, 
Tramèr & Zhang, supra note 61, at 4 (“Fifty tokens corresponds to an average of 127 characters or 25 
words in the GPT-Neo training set, well over the length of a typical English sentence.”). It is also common 
to only test for verbatim extraction in large-scale studies of memorization in text generation models, as it 
can be considerably more computationally expensive to test for non-verbatim sequences. See Katherine 
Lee, Daphne Ippolito, Andrew Nystrom et al., Deduplicating Training Data Makes Language Models 
Better, 1 PROC. 60TH ANN. MEETING ASS’N FOR COMPUT. LINGUISTICS 8424, 8424 (2022), at 3–5, 7 
(discussing exact and inexact matching of text in the context of LLM training data); see Hayes, Swanberg, 
Chaudhari at el., supra note 38, at Section 3.3 and Appendix D. The New York Times used a similar 
strategy to produce articles using ChatGPT, but, of course, the prompts were not randomly selected. See 
supra note 4 and accompanying text.  
 117.  See infra notes 215–218 and accompanying text (describing how much memorization is inside 
models, and how this strategy for extraction is best thought of as a significant underestimate of the true, 
total amount of memorized data in the model).  
 118.  See Nasr, Carlini, Hayase et al., supra note 62, at 1 (“[The] divergence attack . . . causes the 
model to diverge from its chatbot-style generations and emit training data at a rate 150× higher than when 
behaving properly. . . . In order to check whether this emitted text was previously contained somewhere 
on the Internet, we merge together several publicly available web-scale training sets into a nine terabyte 
dataset. By matching against this dataset, we recover over ten thousand examples from ChatGPT’s 
training dataset at a query cost of $200 USD—and our scaling estimate suggests that one could extract 
over 10× more data with more queries [to the system].”); Nasr, Carlini, Hayase et al., supra note 62, at 9 
(describing divergence and memorization in ChatGPT-3.5). Shortly after, OpenAI updated their system(s) 
to resist this attack. See also Milad Nasr, Javier Rando, Nicholas Carlini et al., Scalable Extraction of 
Training Data from Aligned, Production Language Models (unpublished manuscript) (draft on file with 
authors) (for follow-on work that uses these results to provide some evidence that fine-tuning the GPT-4 
model can further reveal memorization of pre-training data). The authors of these memorization studies 
include one of the authors of this Essay. 
 119.  See supra note 49 and accompanying text (describing alignment); supra note 113 (describing 
aligning models to behave like chatbots).  
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was memorized training data (e.g., Figure 6120)—interestingly, memorized 
training data that were thoroughly disconnected from the prompt.121 

The technical fact that memorization is in the model does not compel 
any particular legal conclusion. On the one hand, courts could hold that 
generative-AI models are themselves infringing copies122 of the expressive 
works they have memorized—regardless of whether or how often they are 
used to produce infringing generations in practice.123 On the other hand, this 
fact might not matter to courts at all. There is ample precedent for treating 
expression that is stored in a computer system but never directly exposed to 
an end user—in our terminology, that is memorized but not regurgitated—
as fair use.124 Indeed, courts might hold that memorization is fair use even in 
some cases when a model also regurgitates the memorized expression.125 

 

 
 120.  See Nasr, Carlini, Hayase et al., supra note 62, at 23–26 (for the full generated text); see supra 
note 118 and accompanying text (describing the dataset used to verify extraction). The snippet of verbatim 
memorized text of the biography of Holly Black can be found on the Internet. See Holly Black, URB. 
FANTASY WIKI, https://urbanfantasy.fandom.com/wiki/Holly_Black [https://perma.cc/E86C-L5J7].  
 121.  In this case, prompting with a training-data prefix and checking for a match with the 
corresponding suffix was ineffective for extracting training data. The authors had to circumvent 
ChatGPT’s aligned, instruction-following behavior, after which it was possible to extract memorized 
training data. It is unknown why this prompting strategy caused this behavior in ChatGPT; nevertheless, 
we can be confident that some of the “divergent” text that it generated is memorized training data; as with 
the New York Times (Figure 1) and Ann Graham Lotz (Figure 2) examples, it is extremely unlikely (to 
the point of impossible) that the generation of near-exact copies of training data occurred by happenstance 
at generation time. See id. at 22 (“We have colored text darker hues of red for longer k-gram matches 
against the training dataset. Short matches are often uninteresting. For example, the ten-token phrase ‘I 
mean, it was dark, but’ that the model emitted and was present in one of our training datasets is not likely 
to have been produced because it was contained in the training dataset. But longer sequences (e.g., ‘She 
is the author of the Modern Faerie Tale . . . .’) are unlikely to have occurred by random chance alone.”).  
 122. In the same sense that the SSD in our example above is an infringing copy of Barbie. See supra 
Part II.A. 
 123. Talkin’, supra note 13, at Part II.C.2.c and Part II.K.5; Pamela Samuelson, How to Think About 
Remedies in the Generative AI Copyright Cases, LAWFARE (Feb. 15, 2024, 1:00 PM), 
https://www.lawfaremedia.org/article/how-to-think-about-remedies-in-the-generative-ai-copyright-
cases [https://perma.cc/HF8V-N8R6]. 
 124. James Grimmelmann, Copyright for Literate Robots, 101 IOWA L. REV. 657, 661–65 (2016) 
(summarizing case law on intermediate copying). The system designer might also need to take reasonable 
measures to ensure that such “internal copies” are not surfaced externally to end users. See infra Part II.I 
(detailing the role of software-service-wrapped systems in filtering user inputs and model outputs). 
 125. We believe that the flexible fair-use test is a more appropriate way to hold that a model is non-
infringing, rather than holding that it is not even a reproduction of works it has memorized. See generally 
Matthew Sag, Copyright Safety for Generative AI, 61 HOUS. L. REV. 295 (2024) (discussing in detail the 
fair use analysis of generative AI). See also Talkin’, supra note 13, at Part II.H. 
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AI companies’ responses to copyright lawsuits typically take this 
second position (sometimes explicitly, sometimes implicitly). Rather than 
discussing whether and how much their models have memorized,126 they 
typically limit the scope of their lawsuit responses to “regurgitation” or 
“extraction” at generation time.127 This framing places the focus on the 
users’ role in selecting prompts and the resulting generations, rather than on 
the companies’ role in designing a training process and the resulting model. 
For example, Anthropic’s response never uses the word “memorization.” 
Instead, it uses “regurgitate” once and variations on “extraction” four 
times.128 This choice is rhetorically interesting because the terms 
“regurgitation” and “extraction” both inherently emphasize behaviors that 
 
 126. Unfortunately, companies rarely (if ever) release such numbers, including in scientific research 
contexts. One exception, from a couple of years ago, is Google’s PaLM model. Aakanksha Chowdhery, 
Sharan Narang, Jacob Devlin et al., PaLM: Scaling Language Modeling with Pathways, 24 J. MACH. 
LEARNING RSCH. �� ��í�� �����) �GLVFXVVLQJ PHPRUL]DWLRQ LQ WKH 3D/0 PRGHO)� 
 127. These AI-company responses typically engage plaintiffs as the users who are the source of 
regurgitation and extraction. This should not be confused with how these same AI companies discuss 
extraction in other contexts, e.g., extraction attacks that their researchers conduct to produce scholarly 
articles. See supra notes 63 and accompanying text (discussing overloading of the word “extraction”). 
 128. See Def. Anthropic PBC’s Opposition to Plaintiffs’ Motion for Preliminary Injunction, supra 
note 8, at 7. 

Figure 6: ChatGPT-3.5 (eventually) regurgitates a near-exact copy of a biography 
of author Holly Black after being prompted to repeat the single-token word “book” 
forever. Screenshots of portions of the generated text taken from Nasr, Carlini, 
Hayes et al., Scalable Extraction of Training Data from (Production) Language 
Models (2023). 
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can happen with respect to users interacting with the model on the front-end, 
at generation time. In contrast, “memorization” centers the behavior of the 
model with respect to its training data—behavior that results from training 
on the back-end.129 

The other reason we have emphasized that regurgitation implies 
memorization is to make clear that the two are different. In copyright terms, 
they involve different copies. Memorization involves back-end copying: the 
training data are copied in the model. Regurgitation involves front-end-
copying: the training data are copied in the output. Memorization makes 
regurgitation possible; regurgitation shows that memorization has taken 
place. Finally, we caution again that this point is analytical rather than 
empirical. We make no claims here about how often any particular model 
regurgitates or memorizes; our point is only that when a model does 
regurgitate a work, it is because the model has memorized that work. 

3.  Known vs. Unknown Memorization (It Exists Even If We Don’t Know 
About It) 

Finally, it is important to distinguish our knowledge of whether a model 
has memorized training data from the underlying question of memorization 
itself.130 It is possible that data could be reconstructed131 from a model 
through techniques that are currently unknown but will be discovered in the 
future. In this case, the model has memorized these data, but we do not 
currently have the means to know that it has done so. For example, OpenAI 
has claimed that its alignment techniques successfully trained its ChatGPT 
models to avoid memorization.132 But Google DeepMind’s “divergence” 
experiments revealed that ChatGPT memorized significantly more training 
data than any other model they tested.133 The right way to describe this 
situation is that this work showed that ChatGPT 3.5 had memorized training 
data all along—and not that ChatGPT suddenly went from not memorizing 
training data to memorizing it just because this research team devised a way 
to get it out of the system.134 

 
 129. See supra notes 68–69 and accompanying text. 
 130. Our thanks to Benjamin Sobel for a helpful discussion of this distinction. 
 131.  See supra Part II.A (defining reconstruction). 
 132.  GPT-4 System Card, supra note 42, at 43 (claiming that recent GPT-series models had been 
aligned to prevent memorization). 
 133. See Nasr, Carlini, Hayase et al., supra note 62, at 10–11; see supra notes 118–21 and 
accompanying text.  
 134. Indeed, the systems (and alignment) aspects of ChatGPT made this task more challenging than 
extracting training data directly from a (un-aligned) model. See id. at 8; see supra note 121 and 
accompanying text. 
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Similarly, the Copyright Act uses the phrase “now known or later 
developed” to describe the reconstruction of a work from a copy.135 It is 
possible that a model is currently a copy of some of its training data, even 
though the techniques for extracting it will only be developed in the future.136 
For another example (also involving advances in machine learning), ancient 
papyrus scrolls buried in the eruption of Mount Vesuvius in 79 C.E. were 
discovered 275 years ago, but were too fragile to physically unroll without 
collapsing into a pile of ash.137 Scholars have recently successfully used 
computer tomography to generate images of the interior of the rolled-up 
scrolls and machine learning to identify the letters on them. The scrolls were 
fixed copies all this time, but we did not have definitive proof until this year. 

Thus, a little unfortunately, it is often the case that generative-AI 
developers, users, and commentators must live in a state of ignorance about 
whether a model has memorized its training data. A successful extraction or 
an instance of regurgitation can provide positive proof that a model has 
memorized. In some cases, it may be possible to show that a model has not 
memorized certain data because these data were definitely not present in the 
training dataset.138 But in between, there is a middle ground of greater and 
lesser ignorance. There is a fact of the matter, and we can have good reasons 
for thinking that a model has or has not memorized with a given degree of 
confidence, but certainty is not to be had. Like many other scientific, 
historical, and evidentiary facts about the world, where there is a truth out 
there, but the legal system cannot definitively ascertain it, any decision-
making will have to take place against a backdrop of partial knowledge. The 
legal system will have to deploy its usual tools for dealing with epistemic 
uncertainty: burdens of proof, expert analysis, findings of fact that can be 
reopened on the basis of new evidence, and so on.139 

 
 135. 17 U.S.C. § 101 (emphasis added) (definitions of “copies” and of “device,” “machine,” and 
“process”); cf. 17 U.S.C. § 102(a) (defining copyrightability in terms of fixation in media of expression 
“now known or later developed”). 
 136.  See infra note 154 and accompanying text (for why it does not matter that memorization cannot 
currently be traced to “bit-wise” or “code-wise” copies in the model’s parameters).  
 137. See Vesuvius Challenge 2023 Grand Prize Awarded: We Can Read the First Scroll!, VESUVIUS 
CHALLENGE (Feb. 5, 2024), https://scrollprize.org/grandprize [https://perma.cc/H5FD-MRBW]. 
 138. There are no known methods that guarantee that a model has not memorized data that it was 
trained on. 
 139. See Cooper, Levy & De Sa, supra note 42, at 2–3 (discussing accuracy-efficiency tradeoffs for 
policymaking regarding computer systems); see generally Cooper & Levy, supra note 42 (discussing the 
relationship between legal decision-making under uncertainty and uncertainty in ML). 
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B.  Representation 

Having provided a definition for memorization and an intuition for how 
memorization is inside the model, in this section, we will start to dig a bit 
deeper. We will describe—at a high level, but carefully—how models 
represent the information stored in them. Scholars sometimes argue that 
models are uninterpretable, or unintelligible, or “do not generally contain 
recognizable expressions.”140 These claims are true in some senses, but 
incorrect with respect to memorization. 

Models store information in different ways than more familiar file 
formats do—in model parameters rather than in direct one-to-one 
encodings—but they still store information. (Otherwise, the model would be 
useless.) Information is typically obtained from models in different ways 
than from other forms of encodings—through prompting and the resulting 
generation, rather than a deterministic algorithmic decoding141—but 
information can still be obtained from them. (Otherwise, again, the model 
would be useless.) 

Start with the encoding itself. Imagine a hypothetical image-generation 
model trained on a large collection of Disney comic books, including Only 
a Poor Old Man, Carl Barks’s first story with Scrooge McDuck as the 
protagonist.142 When prompted with Scrooge’s first line of dialogue—"I 
dive around in it like a porpoise"—the model generates a 
passable image (i.e., regurgitates) of the story’s first panel. (See Figure 7.) 

The strongest version of the claim that generative-AI models are 
uninterpretable would be that Barks’s artwork is not encoded in the model at 
all, because the model is unintelligible. Models are parameters—large 
collections of numbers.143 These numbers bear no resemblance to Only a 
Poor Old Man. If you printed out the parameters making up the model onto 
paper—enough pages to fill a decent-sized research library—no amount of 
squinting at them would make a visually recognizable Scrooge McDuck 
appear, like a Magic Eye diagram floating in space. Model parameters are 
not directly, literally intelligible to the human senses. 

 
 140. Samuelson, supra note 123. 
 141.  As discussed briefly above, generation involves a decoding process. In LLMs, this process 
samples the probability distribution over tokens output by the model, where that probability distribution 
is conditioned on context of the prompt. See supra note 35 and accompanying text (discussing decoding, 
specifically greedy decoding, which, while an uncommon choice in deployed production models, is 
actually a deterministic algorithmic decoding procedure); supra note 38 and accompanying text 
(discussing the generation process for an LLM as a combination of a model and an often non-deterministic 
sampling procedure).  
 142. Carl Barks, Only a Poor Old Man, FOUR COLOR 386 (Dell, March 1952). 
 143. See supra Part I.A; see Talkin’, supra note 13, at Part I.A.2 (discussing models). 
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