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Background

hat is Mainstream Uncertainty Quantification in LLMs?
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For evaluation, uncertainty is used as the binary classifier to detect whether

the answer is correct or not. A higher AUROC indicates a better uncertainty.
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The sampling-based method performs much better than entropy.




Position

Mainstream UQ in LLMs is basically just an unsupervised
clustering problem. It only measures internal consistency and
fails to act as a real safeguard.



Why is it Clustering?

e EXxplicit Clustering: Semantic Entropy and Its Variants

e Implicit Clustering: Graph-based Methods

e Latent Confidence Clustering: P(True)
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is it Clustering?

Sample from LLM Response Distribution
g: What color is the sky?

dq: The sky is blue.
d2: Today, it is green!

—_— ) 1
p(dlq) dg: It's blue.

dgq: Sometimes, it is orange.
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e Explicitly conduct
clustering based on
semantics.

® The clustering of
semantics will
influence the final
uncertainty.



Implicit Clustering
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is it Clustering?

Uncertainty

High Connection
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® Each node is a different answer.

® |t can be viewed as clustering because these methods normally mathematically
estimate how many distinct, coherent groups the model's responses divide into.



Wx is it Clustering?

Uncertainty Quantification Methodologies
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Uncertainty Quantification Methodologies

th is it Clustering?
Latent Confidence Clustering

® Directly ask LLMs whether the answer is correct or not.

e |t has a different clustering mechanism because it does not cluster on the semantic level, but

can be viewed as the clustering inside LLMs confidence region. LLMs cluster all answers
into hiah uncertainty and low uncertainty.

% o ° We can see it more clearly
. using the hidden state from
., LLM (Qwen2.5-32b-Instruct).
o It shows that we can cluster
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; @
@

1 °® low P(true) using hidden
@ Low P(true) ¢

High P(true) ~ state.



th Clustering Fails?
The Parameter Sensitivity Crisis

e The Parameter Sensitivity Crisis: The performance of clustering is
highly sensitive to the parameter.
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Discussion

The Parameter Sensitivity Crisis

Alternative: Sensitivity is a Feature for Uncertainty

Our Response:
e |[nstability is a flaw.
e It ruins fair evaluation and fakes progress.

Future Direction:

e Tail-risk Evaluation: detect errors when the false positive rate is low.

e Sensitivity Reporting of Parameters: report metrics such as AUROC with different
parameters.



th Clustering Fails?
The “Internal Evaluation” Trap

e The “Internal Evaluation” Trap: Current methods evaluate consistency,
but fail to detect confident errors.




Discussion

The “Internal Evaluation” Trap

Alternative: Uncertainty Measures Belief, Not Truth.

Our Response:

e Internal belief is valuable for research.

e Trustworthy deployment requires a focus on practical safety.
e The field already evaluates UQ based on truth.

Future Direction:

e Integrate the Uncertainty in Application: use uncertainty in application such as
Conformal Prediction.

e Training for Native Uncertainty: use accuracy as the label.



th Clustering Fails?
The Lack of Ground Truth

e The Lack of Ground Truth: There is no true uncertainty, so UQ

evaluations rely on noisy and biased 'correctness' functions that distort

resu |tS Accuracy Threshold! Use_
LLM-as-a-judge and consider the
sample greater than this threshold as
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Discussion

The Lack of Ground Truth
Alternative: Ground Truth is Intractable for Generative Tasks

Our Response:
e High-stakes facts are strictly objective.
e Difficulty is not an excuse.

Future Direction:
e Mandatory Unit Testing and Atomic Fact Verification: use tools that help get correct

metrics when encountering open-ended generation



Thank you!

Paper



