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(A) RAG with Single Modality Retrieve

Text RAG Query:
Where was the CEO of Meta born?

Generate

Image Corpus

(B) RAG with Single Corpus  Retrieve Generate

Video RAG Query: %\T .
How can I replace a bike wheel? il Ga Iml

Text+lmage+Video Corpus

(C) UniversalRAG (Ours) No Retrieval

[Simple Query: @ %

What is the capital of France?
Text Corpus

B0

Video Corpus

Bicycle wheels
are typically
designed ...

Text RAG Query:
Where was the CEO of Meta born?

Image RAG Query:
What does Burj Khalifa look like?

Video RAG Query:
How can I replace a bike wheel?
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Models Acc EM F1 EM F1 EM F1 R-L BERT Acc R-L BERT R-L BERT
Naive 64.50 7.82 16.86 24.71 38.11 12.92 20.87 40.63 90.30 28.60 15.74 84.20 14.93 85.73 33.76
Paragraph 64.50 20.62 30.97 35.14 47.89 14.45 23.05 35.72 89.13 29.19 14.82 84.08 19.15 86.53 35.59
m  Document 51.50 6.33 13.72 23.57 32.66 19.71 28.49 28.92 87.45 28.80 13.28 83.75 18.51 86.12 30.24
% Image 54.50 7.41 15.74 23.57 32.96 13.11 20.18 46.50 91.32 31.64 17.26 83.79 20.72 87.02 33.43
v Cli 53.50 4.58 12.52 13.86 21.82 9.38 16.51 39.53 90.27 35.36 18.76 86.38 27.37 89.34 31.55
Vi leo 59.50 3.77 11.55 14.43 22.98 9.95 16.95 40.08 90.51 33.59 19.23 86.35 28.23 89.45 3247
;] Unified 59.00 4.72 12.81 17.00 27.87 9.67 17.08 41.71 90.27 27.23 15.87 83.96 19.03 86.46 31.15
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Naive 73.00 10.78 19.85 17.29 25.71 18.47 25.47 61.26 94.39 29.38 14.26 83.04 10.52 84.34 38.48
Paragraph 72.00 23.58 34.25 38.43 49.37 19.04 2654 5342 92.65 27.13 14.88 83.30 12.62 84.93 39.94
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GPT-40 on In-Domain GPT-40 on Out-Domain
NoJJiJf 0.2 0.2 00 0.0 0.0]| NoJj0:4 04 02 0.0 0.0 0.0
Pa{ 0.1 JUEN 0.2 0.0 0.0 0.0 | Paj 0.1 N 0.1 0.0 0.0 0.0
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Table 5: AR E . P IERHR B R 48 SCARTERHE 1~ PR BRI BB R 22 ) -3 R 2 R ]

Dataset Gold Retrieval # Queries Corpus Size Avg. Corpus Length
In-Domain Datasets

MMLU None 285 - -
SQuAD Paragraph 1,060 1.19M 100 tokens
Natural Questions Paragraph 1,000 850k 100 tokens
HotpotQA Document 1,492 509k 693 tokens
WebQA Image 2,000 20k -
LVBench Clip/Video 1,376 94 3,941s
VideoRAG-Wiki Clip/Video 374 ok 3785
VideoRAG-Synth Clip/Video 374

Out-of-Domain Datasets
Truthful QA None 790 - -
TriviaQA Paragraph 661 661k 100 tokens
LaRA Document 112 34 28k tokens
Visual-RAG Image 374 2k -
CinePile Clip/Video 1,440 144 158s
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Table 6: iy 45 RAEIR N AN LB -

In-domain Dataset Out-domain Dataset
Text Image Video Text Image Video
MMLU SQuAD NQ HotpotQA WebQA LVBench VRAG-Wiki VRAG-Synth  TruthfulQA  TriviaQA LaRA  Vis-RAG  CinePile
Models 200 742 700 1045 1392 829 374 374 790 661 112 374 1440
None 117 44 57 38 25 3 8 27 374 121 0 0 0
o  Paragraph 39 512 588 505 102 17 304 271 205 509 4 18 0
<  Document 44 185 39 502 44 34 52 53 206 27 108 0 6
2 Image 0 1 5 0 1210 44 1 9 2 4 0 356 1
* Clip 0 0 6 0 0 622 0 0 3 0 0 0 1354
Video 0 0 5 0 11 109 9 14 0 0 0 0 79
— None 120 2 1 1 0 0 0 0 2 1 42 0 (]
8_‘1 Paragraph 49 679 669 150 30 1 0 6 629 274 21 0 1
xm  Document 11 32 12 866 12 3 0 0 53 338 2 2 1
= Image 0 6 11 17 1351 7 0 0 12 32 4 371 1
£ Clip 5 0 1 8 5 818 0 2 3 7 34 0 1436
8 Video 15 23 6 3 2 0 374 366 91 9 9 1 1
None 110 4 1 0 1 0 1 1 21 4 30 0 0
&  Paragraph 79 731 698 461 145 13 5 15 709 558 74 0 13
% Document 2 3 0 571 6 15 0 0 35 94 0 0 2
j Image 1 0 9 1234 15 0 0 1 2 0 374 4
=~ Clip 0 0 1 2 13 784 0 3 2 1 1 0 1420
Video 9 3 0 2 1 2 368 355 22 2 7 0 1

Table 7: UniversalRAG F1 528 7 I AN £E RO TEAN 45
e

Text Image Video

Truthful QA TriviaQA LaRA Vis-RAG Cinepile ~ Avg.
Models Acc EM Fl RL BERT RL BERT  Acc
Naive 64.68 4947 5792 2315 87.62 624 8098 33.88
Paragraph 58.73 5461 6514 2023 8648 474 80.77 33.88
Document 28.73 39.94 4473 25.18 86.83 434 8l.14 26.68
Image 57.85 4523 5250 2140 87.09 731 82.32 33.35
Clip 51.01 3162 4240 1964 8750 692 81.32 29.59
Video 47.34 3359 4382 1989 87.19 704 8142 29.47
Unified 52.15 3570  45.01 21.28  86.83  4.31 80.47 28.92
Random 51.27 42.66 5151 2181 8727 5.81 81.09 29.99
GPT-40 55.19 5401 6405 2493 8842 7.7 8226 36.85
DistilBERT 57.85 42.51 51.01 2096 87.26 734 8232 32.58
T5-Large 57.85 50.08 60.16 20.63 86.73 731 82.32 35.27
Oracle 64.68 5552 6485 25.18 86.83 731 82.32 38.26
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