SAl MO Lt
Adaptive-RAG2} Query Complexity Classifier 741 2Ot
Effectivenesstt ‘a2 ZHM 1} Efficiency 24

S 2

}J@t Natural Language Processing
= & Artificial Intelligence

KOREA UNIVERSITY




Research Object for Classifier Design

[OF

- Adaptive Retrieval 8412 0| &

OtO|C|of0f 0|& =7H 0|2

b = 20§ A, Query®| ComplexityOil 2} ClassifierS 0|28 ZAM S22 ZH3l=
S 7|89 2 (lassifier A E2ES St dASteE AS 2T SHEE 8
- CrYol Classifier 84 HHEZ st&5ot= SO0|0, EffectivenessE Z[CHSH FX[SIH EfficiencyE SF&AI7|= AO|

SCE:

9

- Query Complexity Classifier& CtF= 7|& =&E0A Multi-RetrievalZ XE2|5l= CHEXHQI HAIOZ Query
3tA 2 2191510 Query Decomposition 410 CHEXQI A
Retrievalll IRCoT WA X 8%t Adaptive-RAG F =&2| 2|FE Sdll 7|& 2 WMo oA E M6t H

Al
LI2 Classifier 44| & /st 2IAIOIE =& 0fH



Adaptive-RAG: Learning to Adapt Retrieval-Augmented
Large Language Models through Question Complexity

Soyeong Jeong' Jinheon Baek? Sukmin Cho! Sung Ju Hwang'? Jong C. Park'*
School of Computing!  Graduate School of AI?
Korea Advanced Institute of Science and Technology?!:?
{starsuzi, jinheon.baek,nelllpic,sjhwang82, jongpark}@kaist.ac.kr

NAACL 2024



1. Background

(A) Single-Step Approach (B) Multi-Step Approach (C) Our Adaptive Approach

= Y k times

i

5

=

Y Ve r

Simple Query: - Simple Query: | Documents
When is the birthday Documents When is the birthday Retrieval
\_of Michael F. Phelps? elneva ) \_of Michael F. Phelps? ‘

(Intermediate)

| Straightforward Query: ‘ Answer

| Paris is the capital of what? | f
<)
.

-

" Simple Query: ' Q) D Documents
Re’tﬁe“a\

Answer Answers (&
— Inefficient When is the birthday A )
i ? . nswer
/Complex Query: . ._of Michael F. Phelps? — .
What currency is in Retr . Documents s = (wktlmes N Classifier =7, [ k times
T e S = etrieval Complex Query: =) r{.) =)
Billy Giles’ birthplace? J Whatr::urrenc |;y|n - ‘ Documents Complex Query: = Documents
Answer Billy Giles' bi yh lace? RetrieV® . What currency is in Retrieval
\_Billy Giles’ birthplace? ‘ (Intermediate) Billy Giles’ birthplace? (Intermediate)
Inaccurate | Answers ) Answers

S|

- RAG= AME Sl = E3t non-parametricet X[A=
’ts

- 7|ES =22 Hele] SHF0[Lr 2ttt YE +F= AdSHA| F1, = FZ|0 EE Retrieval HES
X 287 L} No-Retrieval EE= Retrievaldl 20| O|2E MO 2 MZk2 MEH

- Adaptive-RAGE EE ST E Classifiere Sl 0T HEQ SHEE
Retrieval, Multi-Retrieval = 7} % Hgtol M2FZ2 MENGI0] M2l S 8o 2 ZHAMZE =l



2. Contribution
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3. Training Strategy
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4. Evaluation Results

FLAN-T5-XL (3B) FLAN-T5-XXL (11B) GPT-3.5 (Turbo)
Types Methods EM F1 Acc  Step Time EM F1 Acc  Step Time EM Fl1 Acc  Step Time
Simple No Retrieval 1487 2112 1597 |0.00 _0.11] 17.83 2514 1933 000 0.08 3577 4856 4427 0.00 0.71
P Single-step Approach 3483 4431 3887 |[1.00 ___1.00] 37.87 47.63 4190 1.00 1.00 3473 4699 4527 1.00 1.00
Adaptive Retrieval 23.87 3224 2673 050 056 2693 3567 2973 050 054 3590 4820 4530 050 0.86
Adaptive Self-RAG™ 990 2079 3157 072 043 1087 2298 3413 074 023 1087 2298 3413 074 1.50

Adaptive-RAG (Ours) 3717 4694 4210 217 3.60 3890 48.62 43.77 135 200 3797 5091 4897 1.03 1.46

Oracle Adaptive-RAG w/ Oracle 45.00 56.28 4990 128 2.11 47.17 58.60 5220 084 110 4770 6280 5857 050 1.03

- 8 X =
- effectiveness: EM(Exact Match), F1, Acc(Accuracy)
- efficiency: # of Retrieval-and-Generate Steps, Average Time for Answering Each Query
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5. Limitations(efficiency) Labels  Time/Query (Sec.) Percentage (%)
No (A) 0.35 8.60
Classifier Accuracy & & : QA Effectiveness = = X| ot One (B) 3.08 53.33
Classifier?| &= AccuracyE olst QA A|AE Efficiency x| &} Multi (C) 27.18 18.07
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H=0M +=E= 42 22 =7t

QA Classifier { Accuracy)
Training Strategies F1 Step All No One Multi

Adaptive-RAG (Ours) 46.94 1084 54.52 30.52 66.28 65.45

w/lo Binary 4343 640 6030 62.19 6570 39.55
wio Silver 48.79 1464 40.00 0.00 5398 7591




6. Experiment for Understanding Adaptive-RAG

QA Classifier (Accuracy)
Training Strategies F1 Step Al No One Multi

Adaptive-RAG (Ours) 46.94 1084 54.52 30.52 66.28 6545

Adaptive-RAG =8 7§41 ofo|c|of ‘wio Binary 4343 [630] 60.30 62.19 65.70 [3955]
wio Silver 48.79] 1464 4000 0.00 53.98 7591
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7. Limitations of Experiment
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1. Evaluation Results

SQuAD Natural Questions TriviaQA : _ 1
Type Method ' _ _ Single-Hop Dataset Multi-Hop Dataset
F1  Acc F1  Acc F1 = Acc

Step Time Step Time Step Time
Simple Non-Retrieval 1050 500 000 011 1900 1560 000 013 3180 2700 000 0.13 SQUAD v1.1 MuSiQue
P Single-Step Retrieval 3930 3400 100 100 4730 4460 100 100 6240 6020 1.00 1.00 )
Complex ~ MultiStep Retrieval ~ 35.60 2960 452 9.03 47.80 4420 504 1018 6240 6020 528 922 Natural Questions HotpotQA
Adaptive Retrieval 2310 1760 050 055 3600 3300 050 056 4690 4260 050 0.56 — — :
Adaptive Self-RAG 1120 1840 0.63 050 39.00 3360 063 017 2930 5700 0.68 045 TriviaQA 2W|k|I\/IuIt|HopQA
P Adaptive-RAG 3830 33.00 [T37__2.02] 47.30 44.60 6070 5820 [L23_T5%]
Our Method 4650 4340 373 430 606 588 324 341 7020 6880 3.84 450
MuSiQue HotpotQA 2Wiki
Type Method . . .
F1 Acc Step Time F1  Acc Step Time F1  Acc Step Time
Simple Non-Retrieval 1070 320 000 011 2271 1720 000 0.1 3204 2780 0.00 0.10

Single-Step Retrieval 2280 1520 1.00 100 4615 3640 1.00 100 4790 4280 1.00 1.00
Complex Multi-Step Retrieval ~ 31.90 2580 3.60 758 5654 4700 553 938 5885 5540 417 737
Adaptive Retrieval ~ 1580 800 050 055 3222 2500 050 055 3944 3420 050 055

Adantive Self-RAG 810 1200 073 051 1753 2960 073 045 1959 3880 093 049
P Adaptive-RAG 3180 2600 [BZZ_66L] 5382 4440 B55 5991 4975 4640 [2:63 468
Our Method 4197 2655 388 445 6996 538 342 392 5465 37.60 3.88 4.3

- Multi-Hop HIO|E{AMQ] A2 Adaptive-RAGO]| H|3l CHMZ == F1, AccuracyQ} WM E Time2 7|&
- Single-Hop HIO|E{Allo| 75'—.— Adaptive-RAGO]| H|dH °“*E| F1 AccuracyE 7| FSIAX| B Time EE A
Multi-Hop H|O|E{41a} FAIStD, Adaptive-RAGO]| H|S 2t}



2. Workflow
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Figure 1. Workflow of the proposed LQR framework.
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3. Future Research Direction

- S H: CHAot SR 22| Ho|0f| A (£35] Multi-Hop Query) RAGE Soll tltE X|4 HMul 2 J=te§ |FX|

1. Adaptive-RAG =&2| Confusion Matrix &2tE &% Classifier Accuracy 2 QA Efficiency 24!

2. FLAN-T57} b50f Ar&3% O O[H 4 (SQUAD, Commonsense QA 5)2 &89 No-Retrieval E1IOIE151| T

3. Adaptive-RAG2| Single-Hoplt Layered Query Retrieval2| Multi-Hop & E Het Al (Adaptive-RAG 2]
Multi-Retrieval ZFI 0| M 2} Retrieval S0l Layered-Query-Retrieval2| Relevance Classifierg = &)

4. Adaptive-RAGE| Multi-Retrieval ‘85 &fS 5l BM25 Retriever Ci{ &l Dense Retriever AH&

5. Layered-Query-Retrieval} 20| LLM= 0| &%t Query Complexity Classifier 2= 22t HIO|HA2Q| Xt= 2f
Bl 2| A BH
=< TC%nfusion Matrix

o 0.31 0.6 - SQuAD Natural Questions TriviaQA
. : e

z : P Method F1 Acc Step Time F1 Acc  Step Time F1 Acc Step Time
o 0.4 Simple Non-Retrieval 1050 5.00 000 011 19.00 15,60 0.00 0.13 31.80 2700 0.00 0.13
al 0.1 ’ P Single-Step Retrieval 3930 34.00 1.00 1.00 4730 4460 1.00 1.00 6240 6020 1.00 1.00
@) Complex Multi-Step Retrieval 3560 29.60 452 903 4780 4420 5.04 10.18 6240 6020 528 922
— -0.2 Adaptive Retrieval 2310 1760 050 055 3600 33.00 050 056 4690 4260 050 0.56
g I 0.03 0.31 ) Adaptive Self-RAG 11.20 1840 063 050 39.00 33.60 0.63 017 2930 5700 068 045
S ’ : P Adaptive-RAG 3830 33.00 [T.37  202] 4730 44.60 |[1.00 1.00] 60.70 5820

T ' Our Method 4650 4340 3.73 430 6016 588 324 341 70.20 68.80 3.84 4.50

No One Multi
QA Classifier { Accuracy)

Training Strategies F1 Step All No One Multi

Adaptive-RAG (Ours) 46.94 1084 54.52 30.52 66.28 65.45

w/o Binary 4343 640 6030 62.19 65.70 |39.55
wio Silver 48,79 1464 40.00 0.00 5398
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Appendix - Query Complexity Classifier

Query Complexity Classifier 71 &2

« ArERS| OVt BheohX| S&SHK| EHESLY| fIol, SiE BHoE O ttEot RE2 2 Zolig = A=K BIt

- AO|7t 25| 7tsTt B multi step queryZ, 25 2752t B single step query2 &

- Query Complexity Classifier T+ : } T

.« C =00|™ th= & O|(Single retrieval), C = 10|H S&st | _ =) == | |
AHO|(multi retrieval) 2 &&F omticon [ vy Conpoty st | ol e o
¢ = Classifier(q), c € {0,1} = ‘ ‘

« Linear layer2t sigmoid function 2 S&: H7} ﬁ |
y — CF(WI + b) ' [ e

.Y R 2

o GPT—409_|' —|—o ?:_lE% 7E:|—CIZ||_-6—|_O:| —E—%jl E_”ol E_I% AOHAC-J Figure 1. Workflow of the proposed LOR framework.
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Appendix — Relevance Classifier qury . (o] () |
Identification { Query Complexity Classifier }— construct | sub-question review extract - ‘
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- efficiency: ttE&=ot 20| E oF fo| AMo = K2 | : — ) [ 3
 accuracy: BM25 BF 7|HICE #EH FMO| =%|F o . -
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Figure 1. Workflow of the proposed LQR framework.

- Multi-Step Strategy
RD! = Retriever'(qy) , P
RD? = Retriever®(qq,42,d;),d; € RD! 1 :

7 Query: ‘

Q ‘*«-i\_\ Q
. ZAME 27} Dolof 7|MSH=X|Z TS| 23 | orona
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rc = Classifier(q,d;), d; € RD?, rc € {0,1} i \ , reriewer
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Appendix — Setting

- Dataset for Evaluation

« Single-hop dataset (SQUAD v1.1, Natural Question, TriviaQA)
« Multi-hop dataset (MuSiQue, HotpotQA, 2WikiMultiHopQA)
* Grassland sheept #t&HE =09l 3} HjO| Al

- Dataset for classifier
« Query complexity identification dataset 300071
» Relevance dataset 60007l (23 QU= 30007H, & ¢l= 30007H)

- Evaluation Metrics
- 2td "7} X[H: Accuracy, F1 score
« D=4 ™It X|H: # of retrievals, time taken

- Models for classifier
« Query complexity identification: RoBERTa &2 &
- Relevance Classifier: Longformer 2 &

- Baseline
« Non-retrieval, single-step retrieval, adaptive-retrieval(Adaptive Retrieval, Self-RAG, Adaptive-RAG), multi-step
retrieval



Appendix - Limitations

_ LQR HtAlo| SHAIH
+ Multi-hop H[O[EH A0 = accuracyl| 8% 2= HO|HMONAM d5 &= O|FAD, 2589 8RUE =A
L} 2% 7}2F WOX|DE =2 M= 3tMo o|Eo1|:f—1 ojCh

IT — OO o O
. HHH Single- hop IO|HAIC| B2 accuracyl|l A% Multi-hop HIO|HAMEL O & d&&2 O|FAKX|E
efficiency2| &% Adaptive-RAG == 2L} &S| BOX|TH, Multi-hop O|O|E{ Ao =F0f =1}
- [M2}M Single-hop dataset2] BE/ES S A|7]7] £dll top-k samplingl] k& 12 MBsl X£7| ZMS
ot WAlaf HeHm HME 3712l EMUC 2k o9 #HE|F0| 25 BHH 7HSTHX| relevance classifier2
Sh= HIAlS Al

SQuAD Natural Questions TriviaQA
Type Method . . -
F1 Acc Step Time F1 Acc  Step Time F1 Acc Step Time
Simple Non-Retrieval 1050 5.00 000 011 19.00 1560 000 013 31.80 2700 0.00 0.13

Single-Step Retrieval  39.30 34.00 1.00 1.00 47.30 44.60 1.00 1.00 6240 6020 1.00 1.00
Complex Multi-Step Retrieval ~ 35.60 29.60 4.52 9.03 47.80 4420 5.04 10.18 6240 6020 528 9.22
Adaptive Retrieval 2310 1760 050 055 36.00 33.00 050 056 4690 4260 050 0.56

Adaptive Self-RAG 11.20 1840 0.63 050 39.00 3360 063 0.17 2930 5700 0.68 0.45
P Adaptive-RAG 3830 33.00 [L37 202] 4730 4460 [1.00 1.00] 6070 5820 [1.23  1.54

Our Method 46,50 43.40 3.73 430 6016 588 324 341 70.20 68.80 3.84 4.50
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