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TN i o.se =o5n o Background:

. While Retrieval-Augmented Generation (RAG) mitigates LLM hallucinations, it suffers
Jﬂ from a critical vulnerability: Permutation Sensitivity. We find that simply reordering
retrieved documents can arbitrarily flip a correct answer into a hallucination, severely

| undermining system reliability.

==+ Objective:

( T We introduce Stable-RAG, a framework designed to eliminate permutation sensitivity
e T ( and guarantee stable generation outputs. y
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Stage 1: Hidden State Clustering * Hidden State Clustering: We cluster hidden states
e, 0 _ % ~wwes,  obtained from different document permutations to uncover

Query - © ¥ : :
% Lol o ot s latent reasoning patterns. Representative states are selected
@@ ben @00 © 0 0 O F | 7 for decoding to reduce computational cost.
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LM TR T  Preference Data Construction: Preference pairs are
() Permutation (2) Internal States Extraction (3) Spectral Clustering on Hidden States (4) Representative Decoding within Clusters .
_ constructed from representative outputs based on
Stage 2: Preference Data Construction Stage 3: Alignment with DPO

______ i B e i i correctness and answerability. This encourages consistent
Condote, answering and appropriate abstention.
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f.ﬂ"m*‘5:—+’:Grﬂunt§TTrutth . C“"bm”“::ﬂir;ﬂi:iﬂrdﬂr"f_i'f'_'tf_n'f'e fff - <Alignment with DPO: The model is optimized with DPO to
—————— Fully Incorrect and Unanswerable (FU) !

------------------- prefer reliable responses over less desirable alternatives.

—————— Encourage (EEET T T
“" Fully Incorrect but Answerable (FA) > (Gold Answer] — I don't know,

i — This reduces hallucinations and permutation sensitivity.

Compare with the Ground Truth
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/ Experiments

Datasets: NQ, TriviaQA, HotpotQA; Evaluation Metrics: SUbEM, F1; Models: LLaMA3-8B-Instruct, Qwen3-8B
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LLAMA3-8B-INSTRUCT * Overall performance:
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Stable-RAG* (Ours) 48.75 46.58 52.88 51.78 72.13 71.89 74.01 74.12 39.12 40.16 30.41 32.12 52.88 52.78 . . .
Qwina-5B multi-hop QA, demonstrating stronger reasoning
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Generalization & Transferability: Stable-RAG - urs o[BS -
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generalizes effectively across datasets, refrievers, s o0 3 s
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consistency and outperforming strong baselines. & st 0 Y Rt -
Q@ Pos2Distill
NQ  TriviaQA HotpotQA L 0 NQ TriviaQA HotpotQA 0730 15 20 25 30 35 40 45 50
. . Target Dataset Top-K
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—Key Takeaways ~

* Document Order Matters: Reordering the same retrieved documents can lead to inconsistent reasoning and
permutation-induced hallucinations.

» Stable-RAG Stabilizes Reasoning: Hidden-state clustering and permutation-aware DPO align model behavior
across different document orders.

» Accurate and Generalizable: Stable-RAG improves answer accuracy and reasoning consistency across datasets,

_ retrievers, models, and Top-K settings. )




