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Uncertainty in LLMs

Contrast-Consistent Search aims to find a direction in the model's activation space
that aligns with logical consistency properties of truth, such as a statement and its
negation having opposite truth values.
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Given a set of Yes-No questions, answer Extract internal Map each activationtoa  Optimize unsupervised loss to make
each question with both "Yes" and "No"  model activations ~ probability of being true probabilities consistent and confident

For each question, estimate the
probability that the answer is "Yes"

“Truth is universal: Robust detection of lies in LLMs”

Affirmative statements stand in contrast to negated statements which contain a
negation like the word "not”. Affirmative & Negated
Affirmative Statements Statements
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1 11 n
4

0 01 0
-1+ -1 -1
-2 -2 -2 =

= False
34 e _3] 5 True
-2 -1 0 1 -2 -1 0 1 —'2 —'1 E) i

This two-dimensional subspace contains a general truth direction (tG), which
consistently points from false to true statements for both affirmative and negated
statements. It also contains a polarity-sensitive truth direction (tP), which
distinguishes between true and false for affirmative statements but in the opposite
direction for negated statements. arXiv:2407.12831, 2024.

arXiv:2212.03827, 2022.

Chemistry
Combined Retrieval-Augmented Generation (RAG) and Multiprompt Instruction
PRoposal Optimizer to reduce chemical haIIuciAnations.

Start: SMILES input J Pty Holpnisiel

LLM Predicted TPSA vs Calculated TPSA
direct_model Prediction RMSE: 59.41

A) direct LLM
prediction of TPSA

the numerical value of
the topological surface

area TP fra values for a set of & w
molecule described by =

e Sl o randomly selected g R
R | SMILES codes from g« . N Sl
{aroup_descriptions} SET——— i PubChem using = : ’ i A e

60 )

. . . L]
. H ey et ., -
Sl GPT-40-mini. .. ts " :
contributor_descriptio M- * o LM prediction
n, ent L I e R R—— S === Pperfect Prediction
_nui i

© %
Calculated Pubchem TPSA

B) The same B

RAG: Count atoms
LLM Predicted TPSA vs Calculated TPSA

Part D: "Provide one

(::'r‘: :’:::;::“::d J rbnoil:ﬁCL:lfle"S pr;;dl(fted %0 tpsa_model_full Prediction RMSEs 7.44
{num_o} oxygen y the 1ull mode .
R e [ including RAG and § - -
ibuti RAG: Lookup TPSA = . -
Faiprils ammaanaces | MIPRO components. s « . e,
- -" . LI )
o :. e
a %0 e
J = )
=1 ‘.,“‘ °
Part F: "Respond with e
a single JSON object 20 ,r"' . u:i nrwm:m
i . - =~ perfect Prediction
ninams | 40,26434/chemrxiv-2025-rwgt8, 2025. S -

Output Uncertainty: For classification tasks, the uncertainty score is calculated
based on the distribution of the predicted class labels. For generation tasks, the
similarity between the generated SMILES is measured using Tanimoto Similarity.
Hierarchical clustering is then applied to group the generated SMILES into clusters.

1. For a chemistry-related task ¢, given a SMILES representation z; of the i-th molecule,
generate a prompt P, . based on a task-specific template (see Section 3.1). '

GPT4 + Orig. SMILES

2. Generate a list of up to n SMILES variants of the molecule z;: L = {z},2?,...,z7'}. We
ask GPT-4 to rank the SMILES variants by its confidence to interpret their structures and
choose the one, say ;, with the highest confidence to construct a prompt P; ;, by replacing
x; in P, 5, with &; (see Section 3.2).

3. Ask the LLM to generate m responses for the prompt P, ; and obtain R;:; = ClinTox: 0.729

True Positive Rate (TPR)
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4. Calculate the entropy-based uncertainty metrics Uy ., and Uy 3, for Ry ., and R, ;,, respec- o —— BACE: 0.546
tively. —— Tox21: 0.584
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5. Measure the input uncertainty by comparing U; .., and U ;, for all chosen z;. Measure the

output uncertainty by examining Uy ,, and Uy ;. separately. 00
arXiv:2408.03732, 2024.
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