GO gle Retrieval Augmented Generation or Long-Context LLMSs?
DeepMind A Comprehensive Study and Hybrid Approach

UNIVERSITY OF

MICHIGAN Cheng Li*

l1Google DeepMind

Mingyang Zhang! Qiaozhu Mei? Michael Bendersky *
2University of Michigan

Zhuowan Lil

Summary of Contributions A simple-yet-effective method: Self-Route

» Step-1 (RAG): “Answer the question based on the retrieved passages. If the question
cannot be answered, output unanswerable”
» Step-2 (LC): if “unanswerable” in step-1, do LC.

» A comprehensive comparison of RAG and LC
» A simple-yet-effective method: Self-Route
» Detailed analysis

Main Results

(a) LC RAG ®m Self-Route Avg | Narr Qasp Mult Hotp 2Wiki Musi Sum En.QA EnMC
d
50 . 1-1 LC 4970 | 32,76 47.83 5233 61.85 6296 4022 20.73 43.08  85.57
4867 4889 B0 12 RAG 3733 | 22.54 4468 4953 4836 5424 2656 1951  19.46  51.09
s o 1-3 SELF-ROUTE | 46.41 | 28.32 4523 5147 5518 62.68 40.66 1977 3751  76.86
2 35.32 0 Gemini-1.5-Pro 1-4 answerable % | 76.78 | 73.00 85.00 96.67 8450 81.00 5850 9350 5641  62.45
£ 30 32.60 32.07
S 30.33 1-5 token % 38.39 | 23.07 4993 36.88 3297 5349 56.14 1796 4225  32.84
s 20 2-1 LC 48.67 | 3278 4454 5528 6242 70.69 41.65 2192 3236 7642
10 22 RAG 32.60 | 18.05 46.02 50.74 36.86 5021 16.09 1997 1443  41.05
GPT-40 2-3 SELF-ROUTE | 48.89 | 31.36 47.99 53.17 62.14 70.14 41.69 2131 3495 77.29
0 GPTA0 GPT.3 5. Turh Gomini1 5P 2-4 answerable % | 57.36 | 44.00 6750 9400 5250 62.00 30.00 92.00 27.07 47.16
(b) ] "7 TUIbO ermini=-o=rro 2-5 token % 61.40 | 66.40 7225 39.65 6579 77.05 85.00 2026 73.01 5321
100% e = e 3-1 LC 32.07 | 23.34 4296 49.19 4533 41.04 17.92 19.61 14.73 34.50
o - 3.2 RAG 30.33 | 18.22 38.15 4921 3784 35.16 1641 1894 1539  43.67
S 50% 61% B R GPT-3.5-Turbo 3-3 SELF-ROUTE | 35.32 | 24.06 38.65 52.07 47.28 44.62 3444 19.88 22.03 44.54
- - o - % 3-4 answerable % | 74.10 | 71.50 80.00 9133 6850 69.00 47.00 93.50 5043  95.63
0%
. CPT3 5 Turho P p— 3.5 token % 38.85 | 20.56 55.08 3529 4870 6591 65.08 1640  38.17 4.50
» Comparison: LC performs consistently better than RAG, but with a higher cost.
» Self-Route achieves comparable performance with LC with much lower cost.

Analysis-1: RAG/LC predictions are highly similar Analysis-2: common RAG failure reasons
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Examples:
— — . . [ ] o . . . ”
0.0 o T e e == A. “What nationality is the performer of song You Can?
Srac — Sic B. “What does the group think about XXX?”
C. “What did Julie Morgan elaborate on the online survey when talking about the
» For 63% queries, RAG/LC predictions are exactly identical. evaluations on the legitimacy of the children’s rights, protection and demands?”
» For 70% queries, RAG/LC predictions are very similar D. “What caused the shadow behind the spaceship?" for a long story without explicit
(score difference < 10). mention of the shadow when the cause is revealed.

Analysis-3: ablations of k Analysis-4: synthetic datasets?

- = |C = RAG Self-Route Needle-in-the-haystack: a passkey (“the passkey is 123456”) hidden in large chunks of texts.
(a) P . ”
————————————————————————————— What is the passkey?
@ 40.00 P Yo o~ RAG LC
c “What is the special token .
g 00 [ hidden inside the texts?” Original 80.34 6525
S 2000 : : Variant-1: “special token” 4.58 69.32
T “Which passkey is larger? : A ,
2 First or Second?” Variant-2: “which is larger” 47.63 64.24
B P N A PP PSPPI > Synthetic dataset may unconsciously contain artifacts that influence the analysis.
top-k
(b)
0 jooooisilats isieas bl ot e Analysis-5: exclusion of LLM’s internal knowledge
(0
g 750 Method-1 Method-2
9 50.00 » use a simple prompt “based only on » exclude “commonsense” questions.
3 2500 the provided passage”. all questions | w/o commonsense
2 Gemini GPT-3.5 | Gemini GPT-3.5
it P SOEPPSL R PP S PP P without with # questions 200 200 133 150
top-k "based only on ..." "based only on ..." LC 40.22 17.92 31.76 13.00
» For 63% queries, RAG/LC predictions are exactly identical. RAG 26,56 1641 | 1551  13.05
. . - Avg 50.57 45.53 Self-Route 40.66 3444 | 3132  19.76
» For 70% queries, RAG/LC predictions are very similar
: answerable % | 58.50  47.00 | 52.63  45.33
(score difference < 10). token % 56.14 6508 | 4846  53.43




