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What has been the most popular research
topic in ML for the past 3 years?

What will be the most valuable research
topic in year 2025?

Large Language Models (LLM)

Large Language Models (maybe?)



Content

• Background: Uncertainty Estimation of Large Language Models
• Verbalized Uncertainty for Generation

• Uncertainty Estimation for Adaptation (Classification)

• Training-Free Bayesianization for Low-Rank Adapters of LLMs
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Background: Uncertainty Estimation of LLMs

• Verbalized Uncertainty for Generation
• Directly ask for uncertainty/confidence in the prompt.

• It has been controversial.

• It has been lacking theoretical supports.
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[1] Xiong et al. Can llms express their uncertainty? an empirical evaluation of confidence elicitation in llms. arXiv preprint arXiv:2306.13063, 2023.

[2] Tian et al. Just ask for calibration: Strategies for eliciting calibrated confidence scores from language models fine-tuned with human feedback. EMNLP, 2023.

“Comparisons with white-box methods 
indicate that while white-box methods 
perform better, the gap is narrow.”[1]

“Verbalized confidence scores (blue) are 
better-calibrated than log probabilities 

(orange) for gpt-3.5-turbo.”[2]



Background: Uncertainty Estimation of LLMs

• Uncertainty Estimation for Downstream Adaptation
• Data is usually scarce, hence overconfidence is more likely.
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• Uncertainty Estimation for Downstream Adaptation
• Data is usually scarce, hence overconfidence is more likely.

• Closer to the traditional uncertainty estimation setting.

• Bayesian Neural Networks are built for it! 

• The true posterior is usually intractable!

• What about the extra cost of “Bayesianziation”? 

Background: Uncertainty Estimation of LLMs
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• Uncertainty Estimation for Downstream Adaptation
• Data is usually scarce, hence overconfidence is more likely.

• Bayesian Neural Nets (BNNs) for uncertainty estimation.

• Parameter-Efficient Fine-Tuning (PEFT) for parameter efficiency. 

Background: Uncertainty Estimation of LLMs
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Low-Rank Adaptation (LoRA)[3]

[3] Hu et al. LoRA: Low-Rank Adaptation of Large Language Models. ICLR, 2021 
[4] Wang et al. LoRA Ensembles for Language Model Fine-tuning. arXiv preprint arXiv:2310.00035, 2023

[5] Gal et al. Dropout as a Bayesian Approximation: Representing Model Uncertainty in Deep Learning. ICML, 2016
[6] Yang et al. Bayesian Low-rank Adaptation for Large Language Models. ICLR, 2024

LoRA Ensemble[4]

LoRA MC Dropout[5]Laplace LoRA[6]

…

MC-Dropout Layer



• BLoB: Bayesian Low-Rank Adaptation by Backpropagation for Large Language Models[7] 
• Asymmetric Bayesianization (AB): 

• Elements of 𝑨 are independent Gaussian: 

• Elements of 𝑩 are deterministic: 

Background: Uncertainty Estimation of LLMs
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Advantage: 
• Reduces sampling noise -> Improves convergence!
• Reduces additional memory cost by 50%!



Training-Free Bayesianization (TFB): Motivation

• Main Problems with Verbalized Uncertainty of LLMs:
• No good theoretical guarantees

• Empirically unstable

• Main Challenges of BLoB:

• Training configuration might heavily depend on different data distributions

• Hard to find the right training configuration yielding good uncertainty estimation ability
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Can we “Bayesianize” a low-rank adapter in a

theoretically sound and empirically simple way?



Training-Free Bayesianization (TFB)

• TFB Modeling
• Variational posterior: low-rank isotropic Gaussians
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Figure: BLoB Bayesianization

controlled by single variable

Figure: TFB Bayesianization



Training-Free Bayesianization (TFB)

• TFB Modeling
• Variational posterior: low-rank isotropic Gaussians

• In practice:
• Given the LoRA adapter {𝑩, 𝑨};

• Compact Singular Value Decomposition (SVD) of 𝑩:

• Transform the original LoRA into a new pair:

• Calculate the variance matrix 𝜴:
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Figure: TFB Bayesianization

controlled by single variable



Training-Free Bayesianization (TFB)

• TFB Modeling
• Instead of performing Variational Inference (VI), we perform maximal variance search:

where
•                      is the original performance

•                                      is the post-Bayesianization performance

• 𝜖 is the max tolerance of the performance change
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Training-Free Bayesianization (TFB): Theory

• Theoretical Analysis
• (Thm.1) TFB produces low-rank isotropic Gaussian posteriors.

• (Thm.2) TFB is equivalent to Variational Inference.

• If 𝑙𝒟 is the NLL loss and locally convex [0, 𝜖0);

• And the prior standard deviation 𝜎𝑝 > 𝜖0.
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⇔

Variational Inference

[10] Shi et al. Training-Free Bayesianization for Low-Rank Adapters of Large Language Models. arXiv preprint arXiv:2412.05723, 2024

Variational Inference



Training-Free Bayesianization (TFB): Experiments

• Main Conclusions
• TFB improves accuracy & uncertainty estimation across trained LoRA checkpoints (MLE, MAP, BLoB).
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Training-Free Bayesianization (TFB): Experiments

• Main Conclusions
• TFB improves accuracy & uncertainty estimation across trained LoRA checkpoints (MLE, MAP, BLoB).

• TFB works perfectly with small amount of data (for search).
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Training-Free Bayesianization (TFB): Experiments
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Training-Free Bayesianization (TFB): Experiments

• Main Conclusions
• TFB improves accuracy & uncertainty estimation across trained LoRA checkpoints (MLE, MAP, BLoB).

• TFB works perfectly with small amount of data (for search).

• TFB works the best among other posterior families. 

• TFB works for various LLM backbones.
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• TFB achieves significant improvement in terms of efficiency.
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Training-Free Bayesianization (TFB): Experiments

• Main Conclusions
• TFB improves accuracy & uncertainty estimation across trained LoRA checkpoints (MLE, MAP, BLoB).

• TFB works perfectly with small amount of data (for search).

• TFB works the best among other posterior families. 

• TFB works for various LLM backbones.

• TFB works beyond LoRA adapters.

• TFB achieves significant improvement in terms of efficiency.

• TFB improves w/ Scaling Test-Time Compute.

• TFB is robust against anchor dataset size.
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