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Introduction

" Retrieval-augmented Reasoning (RAR)
is a recent evolution of retrieval-augmented generation (RAG) that employs

= Direct Evaluation of UQ Estimations

Table 1: Performance of UQ methods measured by AUROC. In each column, the best and second-best methods are indicated by

multi P le reasonin g ste PS for retrieval and gene ration. RAR exp lored combinin g bold and underline, respectively. Superscripts T and ¥ denote statistically significant differences according to the DeLong test (p
RAG ith ] h (LM ted trai d t h < 0.05), compared to ReaC and P(true), respectively, which are the two best-performing methods on average.
_ Wi reason ng' W e.re S. are promptea or train€ O USE Searc RAG SelfAsk [39] ReAct [64] Search-o1 [30] ReSearch [5] Search-R1 [24] Av
engines as too Is durin g their reasonin g process. Uncer. M. |Popqa Hotp. Musi.|Popga Hotp. Musi. | Popga Hotp. Musi. |Popga Hotp. Musi.| Popga Hotp. Musi. &
. o o . PE [25] 55.34 59.11 48.61| 36.75 3995 41.14 | 3986 53.44 51.59 | 40.93 61.03 56.69| 48.49 48.27 50.90 |48.81
" U nce rta I nty Qu d ntlfl Cat on ( U Q) SE [28] 64.26 68.01 54.68| 49.73 40.37 41.69 | 67.56 6584 54.61 | 53.88 64.72 63.43| 59.11 5345 61.38 |57.51

. d I t d d t k . h I . . d t . th I blt f MARS [3] |[54.70 59.48 51.53| 41.29 4042 4197 | 43.28 57.69 56.80 | 40.03 61.76 57.58| 48.33 49.28 49.94 |50.27
5 a widely studic askin mdchine learning, almed dt assessing € reliabllity o SAR [11] 51.65 63.05 52.31| 29.56 3290 31.54 | 40.92 52.37 44.66 | 41.67 62.75 51.47| 45.87 46.40 45.22 |46.16

model outputs by measuring the degree of uncertainty (or lack of confidence) a LARS [60] |73.97 70.03 6645 79.95 68.28 71.87 | 8379 7142 66.19 | 7695 66.12 71.64| 7154 67.08 71.62 |71.79
mOdel haS in |tS prediCtiOnS NumSS [28]( 71.31 65.19 62.75| 7490 63.73 62.59 | 7888 63.74 62.12 | 80.42 64.46 69.34| 69.76 64.10 65.72 [67.93
EigV [31] 70.53 66.80 62.13| 76.48 66.44 57.44 | 79.72 68.58 64.75 | 80.63 66.43 66.31| 69.33 66.54 64.27 |68.43
ECC [31] 72.89 69.95 64.11| 80.27 6951 6192 | 81.98 69.27 69.65 | 81.85 68.49 72.55| 70.87 67.76 67.65 |71.25

- Challenge: In RAR systems we have more sources of uncertainty Deg [31] |7053 66.79 61.77| 7670 6770  58.12 | 80.69 68.87 66.29 | 81.67 67.15 67.85| 69.51 66.75 64.53 |68.99
) _ , , , , RrrC [29] |71.14 71.17 81.28| 48.02 6830 7599 | 65.95 73.87 77.95 | 68.30 71.63 74.25| 68.92 71.08 70.77 |70.57
Retriever: which may provide irrelevant or partially relevant retrieved SelfC [58] |74.33 69.06 68.40| 80.73 7534 72.96 | 81.26 7234 7687 |82.01 72.14 77.89| 71.63 69.04 70.36 |74.29
documents and potentially mislead the model’s reasoning and response ReaC [40] |77.02 7090 76.75| 81.53 76.94 7474 | 81.09 7497 77.01 | 82.50 75.22 77.86| 73.22 7279 7529 |76.52

P(true) [25] | 76.51 77.66 78.65| 75.07 73.45 7151 | 7857 7319 74.83 | 84.35 77.77 81.42| 75.73 76.25 74.80 |76.65
R2C(our) [80.08 81.09" 75.82|84.75% 83.257+ 81.167+(87.097+ 79.66 7+ 83.227+|86.027 80.76 " 82.39(84.927+ 79.517 80.087+|81.99

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. = Extrinsic UQ Evaluation via Abstention

Table 2: Abstention performance measured by AbstainAccuracy and AbstainF1 at a 0.9 confidence threshold. For each column,
the best and second-best methods are indicated in bold and underlined, respectively. A superscript T denotes a statistically

M et h O d o I O gy significant difference compared to ReaC based on the McNemar test for Accuracy and the Bootstrap test for F1 (p < 0.05).
RAG SelfAsk [39] . ReAct [64] . Search-o1 [30] . ReSearch [5] | Search-R1 [24] | Avg.
Uncer. M. | Popga Hotpot Musiq. | Popqa Hotpot Musiq.| Popqa Hotpot Musiq.| Popga Hotpot Musiq.| Popga Hotpot Musigq.
Abstain Accuracy
m R2C: Retrieval-Au gmented Reasonin g Consistency RirC[29] | 614 656 730 | 60.8 722 824 | 566 662 682 | 592 644 640 | 606 640 63.6 |65.48

P(true) [25]| 70.6 708 804 | 704 67.2 750 | 72.6 658 750 | 78.8 714 782 | 70.8 70.0 74.4 |72.76
SelfC [58] 68.6  64.2 76.2 740 758 87.6 | 75.0 690 90.2 | 752 68.6 83.6 | 654 628 77.8 |74.27

What team was Horace Grant's twin brother traded to after the 1992-93 & Portland Trail ReaC [40] | 69.2 646 804 | 744 754 894 | 756 714 874 | 77.2 686 80.8 | 67.8 688  80.6 |75.44
s Washington Bullets season? Blazers R2C (our) | 77.27 74.47 8867 | 77.0 76.8 90.4 | 8047 744 894 |816"7 7487 84.0 |77.07 73.4 84.47 |80.25
_______ Abstain F1
r Agent Perturbation Actions RrrC [29] | 62.52 7054 8275 | 71.59 80.82 89.69 | 56.33 7150 78.99 | 54.86 63.37 73.68 | 55.12 61.20 73.92 |69.79
| | ) ] 9 P(true) [25]| 73.60 75.33 88.27 | 72.07 73.46 84.58 | 76.50 71.73 84.51 | 81.20 73.46 85.82 | 71.03 71.15 83.37 |77.74
! ; . . . . uery Critical Answer SelfC [58] | 72.60 69.51 85.71 | 79.10 83.80 93.18 | 80.50 78.07 94.64 | 81.71 75.19 90.57 | 62.31 62.34 86.51 |79.72
! % ! Most-likely Generation _ Multi Generations Paraphrasing  Thinking ~ Validation ReaC [40] | 73.54 70.45 88.41 | 79.01 83.17 94.19 | 81.24 79.48 93.03 | 81.25 72.60 88.43 | 67.60 71.11 88.27 |80.79
| | (Think,, Querys) @ i $ R2C (our) |82.357 81.767 93.777|83.697 85.087 94.81 [86.427 82.22T 94.277 |84.407 78.717 90.497 |80.807 77.57T 90.977|85.82
_______________ / 1 1 W
'rRetriever:\) Document set; _
: : (Thinkz, Querys,) (Thinks, Query.) (Thinks, Query.) Path Summary . o . . .
: : ' Document set Document sety = Extrinsic UQ Evaluation via Model Selection
, | Document set; Y . (Thinks, Querys)
| ! . (Think,, Query,) (Thinkz, Query,) .
! ! (Thinks, Querys) 5 - T — Table 3: Model Selection performance measured by exact
| E Document sets Sl s OEHMEntSet2 (Thinks, Querys) match. The superscript T denotes a statistically significant
(Thinks, Querys) (Thinks, Querys) (Thinks, Querys) ' difference from the best-performing baseline (underlined),
’ Document sets . .
CE——— Document sets Document sets according to the Wilcoxon test (p < 0.05).
(Thinks, Response) (Thinks, Response) (Thinks, Querys) (Think, R:ESponse) RAG System PopQA HotpotQA Musique Average
: : Document sets Vanilla LLM & RAG
(Thinks, Response) 5 Direct 18.8 20.8 2.6 14.1
; V Y Y CoT 17.6 22.2 5.8 15.2
@ Orlando Magic Portland Trail Blazers Seattle SuperSonics Orlando Magic Vanilla RAG 30.2 18.6 4.4 17.7
IRCoT [56] 34.6 27.2 5.4 22.4
&5 Scoring Function: Majority Voting Uncertainty Score: 0.66 FLARE [23] 31.6 25.2 8.4 21.7
DRAGIN [51] 28.6 23.2 4.6 18.8
Retrieval-Augmented Reasoning (RAR)
. . SelfAsk [39] 35.6 33.0 10.4 26.3
= Perturbation Actions ReAct [64] 36.8 27.8 10.8 25.1
Search-o1 [30] 33.2 29.0 10.0 24.1
Al: Query Paraphrasing (QP). as a query optimization mechanism that enables ReSearch [5] 38.6 38.8 16.6 31.3
the system to explore alternative semantic formulations of the original query. Search-R1 [24] 41.6 41.4 16.0 33.0
Model Selection RAR
A2: Critical Rethinking (CR). critically reassesses the reasoning states Random ol4 - 316 1.6 245
LLMBlender [20] 34.4 36.0 12.0 27.5
A3: Answer Validation (AV). validate the final response by prompting the LLM to - w/o clustering 35.6 31.8 9.6 25.7
: : : : - w/o clus. & unc. 32.0 26.0 8.6 22.2
re.con.'slder its generation once a response has been produced, based on predefined RAGEnsemble [6] 156 160 19.4 37,0
criteria. - w/o clustering 44.4 40.8 18.0 34.4
- w/o clus. & unc. 43.2 37.2 13.0 31.1
R%CSelect (our) 46.87  50.27 22.67 39.9
. - w/o clustering | 454 440 192 = 362
Expe rimental Setu P Ideal Model Selection| 55.0 57.2 30.0 474

Backbone LLM
" QwenZ2.5-instruct /B

= Retriever
" Re-Rank: BM25 + Cross-encoder

IELGENENR

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

" RAR Models " We conduct extensive experiments on three dataset and five RAR
" Prompt-based: SelfAsk, ReAct, Search-o1 methods, demonstrating the superiority of the proposed method on
" Finetuned: ReSearch, Search-R1 the UQ task

" Datasets: " We show the effectiveness of our method on both model selection
= PopQA, HotpotQA, Musique and abstention tasks
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