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Are LLMs Stochastic Parrots?

(Bender et. al. 2021)

• Do LLMs truly understand the 

meaning of language?

• Are LLMs truly capable of thinking?
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Language Models

• Definition: a probability distribution 𝑃 over sequences of word tokens 
𝑤1, 𝑤2, … , 𝑤𝑇.

color of skythe is

Vocabulary

3

The
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Language Models

• Definition: a probability distribution 𝑃 over sequences of word tokens 
𝑤1, 𝑤2, … , 𝑤𝑇.

color of skythe is

PLM(blue|The color of the sky is)

4

The
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Auto-regressive Language Models

The color of skythe is

color of skythe is

Transformer PLM(blue|The color of the sky is)
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Base Language Models

Pretraining corpus

…………. The color of the sky is blue………The color of the 
sky is blue………….The color of the sky is blue………..

Language Model

Train

6

𝐿 𝜃 = ෍

𝑑∈𝐷

෍

𝑤𝑖∈𝑑

− log 𝑃𝜃(𝑤𝑖|𝑤1, 𝑤2, … , 𝑤𝑖−1)
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Base Language Models
7

Are LLMs only learning the surface form of pretraining data distribution?

Pretraining corpus

…………. The color of the sky is blue………The color of the 
sky is blue………….The color of the sky is blue………..

Language Model

Train
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Zero-shot generalization
8
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LLM distribution v.s. Data Distribution

PLM(blue|The color of the sky is) PData(blue|The color of the sky is)

Pretraining corpus

…………. The color of the sky is blue………The color of the 
sky is blue………….The color of the sky is blue………..

Language Model

Last layer 
output

Frequency

9

?
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Distributional Memorization

Language model distribution Pretraining data distribution

Memorize without understanding

10

Def.
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Why Such Definition?

PLM(?|The color of the sky is the same as the)

PData(ocean|The color of the sky is the same as the)

11

Rare prefix

Not predictive!
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Prefix Decomposition

The color of the sky is the same as the ocean.

12

The color of the sky is blue.

The color of the ocean is blue.

High frequency 
in data.

Low frequency in data.
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If LM Understands…

The color of the sky is the same as the ocean.

13

The color of the sky is blue.

The color of the ocean is blue.
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Distribution Difference

PLM(ocean|The color of the sky is the same as the)

PData(ocean|The color of the sky is the same as the)

14



Office/Department/Division Name

Experiment Settings

The PILE

Xinyi Wang*, Antonis Antoniades*, Yanai Elazar, Alfonso Amayuelas, Alon Albalak, Kexun Zhang, William Yang Wang. Generalization v.s. 
Memorization: Tracing Language Models' Capabilities Back to Pretraining Data. ICLR 2025.

(207 billion tokens)

Pythia

Train

15
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Example Task

Xinyi Wang*, Antonis Antoniades*, Yanai Elazar, Alfonso Amayuelas, Alon Albalak, Kexun Zhang, William Yang Wang. Generalization v.s. 
Memorization: Tracing Language Models' Capabilities Back to Pretraining Data. ICLR 2025.

Translate German to English:
Morgen fliege ich nach Kanada zur Konferenz

16

Tomorrow I will fly to the conference in Canada
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LLM v.s. Data Distribution

Xinyi Wang*, Antonis Antoniades*, Yanai Elazar, Alfonso Amayuelas, Alon Albalak, Kexun Zhang, William Yang Wang. Generalization v.s. 
Memorization: Tracing Language Models' Capabilities Back to Pretraining Data. ICLR 2025.

𝑃𝐷𝑎𝑡𝑎(Tomorrow I will fly to the conference in Canada|Morgen fliege ... Konferenz)

𝑃𝐿𝑀(Tomorrow I will fly to the conference in Canada|Morgen fliege ... Konferenz)

?

17
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Pretraining Data Probability

Xinyi Wang*, Antonis Antoniades*, Yanai Elazar, Alfonso Amayuelas, Alon Albalak, Kexun Zhang, William Yang Wang. Generalization v.s. 
Memorization: Tracing Language Models' Capabilities Back to Pretraining Data. ICLR 2025.

18

𝑃𝐷𝑎𝑡𝑎(Tomorrow I will fly to the conference in Canada|Morgen fliege ... Konferenz)

Directly search the whole sentence?

No match! Need simplification
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N-gram Simplification

Xinyi Wang*, Antonis Antoniades*, Yanai Elazar, Alfonso Amayuelas, Alon Albalak, Kexun Zhang, William Yang Wang. Generalization v.s. 
Memorization: Tracing Language Models' Capabilities Back to Pretraining Data. ICLR 2025.

19

Cosine similarity between 
n-gram embeddings
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N-gram Data Probability

𝑃𝑑𝑎𝑡𝑎 Tomorrow|Morgen =
𝐶(Tomorrow, Morgen)

𝐶(Morgen)

Xinyi Wang*, Antonis Antoniades*, Yanai Elazar, Alfonso Amayuelas, Alon Albalak, Kexun Zhang, William Yang Wang. Generalization v.s. 
Memorization: Tracing Language Models' Capabilities Back to Pretraining Data. ICLR 2025.

20

Search

…. Morgen 
….……….. 
Tomorrow 
……………..

………………
…. Morgen 
….……….. 
……………

𝐶(Tomorrow, Morgen) 𝐶(Morgen)
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Compute Distributions

𝑃𝑑𝑎𝑡𝑎 Tomorrow|Morgen =
𝐶(Tomorrow, Morgen)

𝐶(Morgen)

𝑃𝐿𝑀 Tomorrow|Morgen
= 𝑃𝜃(Tomorrow|Morgen fliege ... Konferenz)

Xinyi Wang*, Antonis Antoniades*, Yanai Elazar, Alfonso Amayuelas, Alon Albalak, Kexun Zhang, William Yang Wang. Generalization v.s. 
Memorization: Tracing Language Models' Capabilities Back to Pretraining Data. ICLR 2025.

Morgen fliege … Konferenz

21

Se
arch
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Compare Distributions

𝑃𝑑𝑎𝑡𝑎 Tomorrow|Morgen =
𝐶(Tomorrow, Morgen)

𝐶(Morgen)

𝑃𝐿𝑀 Tomorrow|Morgen
= 𝑃𝜃(Tomorrow|Morgen fliege ... Konferenz)

Xinyi Wang*, Antonis Antoniades*, Yanai Elazar, Alfonso Amayuelas, Alon Albalak, Kexun Zhang, William Yang Wang. Generalization v.s. 
Memorization: Tracing Language Models' Capabilities Back to Pretraining Data. ICLR 2025.

Morgen fliege … Konferenz

Tomorrow

KL divergence?
(huge n-gram vocabulary)

22
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Distributional Memorization

𝑃𝑑𝑎𝑡𝑎 Tomorrow|Morgen =
𝐶(Tomorrow, Morgen)

𝐶(Morgen)

𝑃𝐿𝑀 Tomorrow|Morgen
= 𝑃𝜃(Tomorrow|Morgen fliege ... Konferenz)

Xinyi Wang*, Antonis Antoniades*, Yanai Elazar, Alfonso Amayuelas, Alon Albalak, Kexun Zhang, William Yang Wang. Generalization v.s. 
Memorization: Tracing Language Models' Capabilities Back to Pretraining Data. ICLR 2025.

Memorization: Spearman correlation

23

(most compute efficient)

Morgen fliege … Konferenz

Tomorrow

Def.
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Task Classification

TriviaQA: Commonsense Question 
Answering

WMT: Translation
MMLU: World knowledge understanding

GSM8K: Math reasoning

Xinyi Wang*, Antonis Antoniades*, Yanai Elazar, Alfonso Amayuelas, Alon Albalak, Kexun Zhang, William Yang Wang. Generalization v.s. 
Memorization: Tracing Language Models' Capabilities Back to Pretraining Data. ICLR 2025.

24

Knowledge intensive tasks Reasoning intensive tasks

Common in pretraining data Rare in pretraining data



Office/Department/Division Name

Task Classification

TriviaQA: Commonsense Question 
Answering

WMT: Translation
MMLU: World knowledge understanding

GSM8K: Math reasoning

Xinyi Wang*, Antonis Antoniades*, Yanai Elazar, Alfonso Amayuelas, Alon Albalak, Kexun Zhang, William Yang Wang. Generalization v.s. 
Memorization: Tracing Language Models' Capabilities Back to Pretraining Data. ICLR 2025.

25

Knowledge intensive tasks Reasoning intensive tasks

Common in pretraining data Rare in pretraining data
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Example Testing Data
26

TriviaQA MMLU

Question: Which was the first 
European country to abolish capital 
punishment?
Answer: Norway

Question: The quantum efficiency of a photon detector is 0.1. If 
100 photons are sent into the detector, one after the other, the 
detector will detect photons
A. an average of 10 times, with an rms deviation of about 4
B. an average of 10 times, with an rms deviation of about 3
C. an average of 10 times, with an rms deviation of about 1
D. an average of 10 times, with an rms deviation of about 0.1 
Answer: B
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Task Performance
27

TriviaQA MMLU

n-gram Frequency↑ Performance↑

Model size↑ Performance↑
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Distributional Memorization
28

TriviaQA MMLU

Model size↑ Correlation↑ Model size↑ Correlation↓

Correlation↑ 
Memorization↑
(according to definition)
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Memorization v.s. Performance
29

TriviaQA MMLU

Model size↑ Correlation↑ Model size↑ Correlation↓

Model size↑ Performance↑ Model size↑ Performance↑

Depend on 
memorization

Depend on 
generalization

Correlation↑ 
Memorization↑
(according to definition)



Office/Department/Division Name

Rewrite the Prompt

Xinyi Wang*, Antonis Antoniades*, Yanai Elazar, Alfonso Amayuelas, Alon Albalak, Kexun Zhang, William Yang Wang. Generalization v.s. 
Memorization: Tracing Language Models' Capabilities Back to Pretraining Data. ICLR 2025.

n-gram overlap between 
prompt and pretraining corpus 

Pretraining 
corpusPrompt

Pretraining 
corpus Prompt

Knowledge intensive tasks Reasoning intensive tasks

increase decrease

30
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Practical Implication

Xinyi Wang*, Antonis Antoniades*, Yanai Elazar, Alfonso Amayuelas, Alon Albalak, Kexun Zhang, William Yang Wang. Generalization v.s. 
Memorization: Tracing Language Models' Capabilities Back to Pretraining Data. ICLR 2025.

More complex 
generalization 
mechanism!

31
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Takeaways

• LLMs learn beyond surface form text frequency.

• LLMs memorize to perform knowledge intensive tasks while 
generalize to perform reasoning intensive tasks.

Xinyi Wang*, Antonis Antoniades*, Yanai Elazar, Alfonso Amayuelas, Alon Albalak, Kexun Zhang, William Yang Wang. Generalization v.s. 
Memorization: Tracing Language Models' Capabilities Back to Pretraining Data. ICLR 2025.

32
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How LLMs Generalize

Learn the surface form of text frequency

Learn the text data generation process √

X

33

Xinyi Wang, Wanrong Zhu, Michael Saxon, Mark Steyvers, William Yang Wang. Large Language Models are Latent 
Variable Models: Explaining and Finding Good Demonstrations for In-Context Learning. NeurIPS 2023.

Xinyi Wang, Alfonso Amayuelas, Kexun Zhang, Liangming Pan, Wenhu Chen, William Yang Wang. Understanding 
Reasoning Ability of Language Models From the Perspective of Reasoning Paths Aggregation. ICML 2024.
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Recent Discussion on RL
34

Pretraining data still have great 
implication on post-training…
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Thank you!
Questions?
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