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§ R2C, a novel theocratically grounded UQ method based on MDP; the 
first of its kind that captures different sources of uncertainty in RAR

§ We conduct extensive experiments on three dataset and five RAR 
methods, demonstrating the superiority of the proposed method on 
the UQ task 

§ We show the effectiveness of our method on both model selection 
and abstention tasks
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§ Retrieval-augmented Reasoning (RAR)

§ Challenge:

§ R2C: Retrieval-Augmented Reasoning Consistency

§ Backbone LLM
§ Qwen2.5-instruct 7B 

§ Retriever
§ Re-Rank: BM25 + Cross-encoder

§ RAR Models
§ Prompt-based: SelfAsk, ReAct, Search-o1
§ Finetuned: ReSearch, Search-R1

§ Datasets: 
§ PopQA, HotpotQA, Musique

§ Direct Evaluation of UQ Estimations

§ Uncertainty Quantification (UQ)

§ Perturbation Actions

§ Extrinsic UQ Evaluation via Abstention

§ Extrinsic UQ Evaluation via Model Selection

is a recent evolution of retrieval-augmented generation (RAG) that employs 
multiple reasoning steps for retrieval and generation. RAR explored combining 
RAG with reasoning, where LLMs are prompted or trained to use search 
engines as tools during their reasoning process.

is a widely studied task in machine learning, aimed at assessing the reliability of 
model outputs by measuring the degree of uncertainty (or lack of confidence) a 
model has in its predictions

In RAR systems we have more sources of uncertainty

Retriever: which may provide irrelevant or partially relevant retrieved 
documents and potentially mislead the model’s reasoning and response 
generation processes; 
Generation: the model’s reasoning may deviate from the user query’s intent 
and retrieved documents, leading it to formulate new search queries that fail to 
gather informative evidence.

     What team was Horace Grant's twin brother traded to after the 1992-93 
     Washington Bullets season?

Retriever

Multi Generations

         Scoring Function: Majority Voting            Uncertainty Score: 0.66
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A1: Query Paraphrasing (QP). as a query optimization mechanism that enables 
the system to explore alternative semantic formulations of the original query.

A2: Critical Rethinking (CR). critically reassesses the reasoning states

A3: Answer Validation (AV). validate the final response by prompting the LLM to 
reconsider its generation once a response has been produced, based on predefined 
criteria.


