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Gap Between Local & Global Text Features

Local Features Global Features
Less Interpretable

(small-scale) (large-scale)
n-gram frequencies I text embeddings
word embeddings semantic similarity

Less comprehensive

conditional entropy

long-range dependencies:
Hurst index,
mutual information scaling,
Zipf’s law, Heaps‘ law ...

Need a new metric
that is locally interpretable and globally comprehensive




CorrDim: Bridging the Gap via Self-Similarity Across Scales

Correlation dimension monitors

Self-similarity (complexity science) : :
recurrences in text generation process

naturally occurs in natural language

Recurrence of an LLM state: skippable text segment

N %\
But then towards the papers end, Newton added his new line of
Book argument, which employed some, pritesephical-analysis-together
with-seme 'experimental ewdence to support the ..
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CorrDim =6 for natural languages
=5 for programming languages

Consistency across

LLM models, architectures:
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CorrDim transition reveals 3 stages in LLM pretraining

(D Learning of short-range (2) Learning of long-range 3 Generalization
dependency (n-gram statistics) dependencies or “forgetting”

CorrDim
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CorrDim indicates curious macroscopic LLM generation behaviors

Degeneration: Hallucination:
generation becomes repetitive, incoherent, bland generating unfactual texts
High correlation (p=0.95) LLM showing low CorrDim on
with hand-crafted LLM benchmark knowledge-intensive texts risks hallucination
12

Normal Knowledge- Recalling or

Model text (ave.) intensive text Hallucinating
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Summary

We propose CorrDim, a new metric from self-similarity and dynamical
systems theory.

e CorrDim captures both local & global features, based on self-similarity

 CorrDim quantifies macroscopic behaviors of LLMs, including degeneration and
hallucination

* CorrDim is efficient, requiring zero memory overhead, computed inplace during
inference.
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