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- Corrective Retrieval Augmented Generation (Yan, Shi-Qi, et al.,, 24.01.29)
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CRAG (Corrective Retrieval Augmented Generation)

Q: What is Henry Q: Who was the screenwriter
Feilden's occupation? for Death of a Batman?

« Motivation

- o BRI M AIE ACfE M7 7 NV
« O AM ATE EOZ HX|? [ Retriever ]
Accurate Documents Inaccurate Documents
 Method ‘ ‘
" Retrieval Evaluator Henry Feilden Batman (1989 film):
. Know|edge Refinement (Conservative politician): of the murder of Bruce
. . Henry Master Feilden Wayne's parents. When
= Knowledge Searchlng (query rewrite) was an Conservative Hamm's script was
Party politician... rewritten, ...
LTk o o
= PopQA (THEF&) — Accuracy
= Biography (A|=d) - FactScore N m -
= PubHealth (T/F) - Accuracy {ooff 20
P9 L]
= Arc-Challenge (Z{2t4]) - Accuracy Generator Generator
HUMA N Figure 1: The examples show that a low-quality retriever
CENTERED 1s prone to introducing a substantial amount of irrelevant
COMPUT I NG . e . o
LABOR AT OR Y information, impeding the generators from acquiring

accurate knowledge and potentially misleading them.



CRAG overview

1. Input query = DR (any retriever)

2. Retrieval Evaluation

1. Correct = Retrieved Document 3|
Al A=l " EDE BT

2. Incorrect & Retrieved Documents
H 2| web search

3. Ambiguous > = C}

3. Query2} optimized retrieval
result & generative model O &

of g= &7

roozIx
> O mCcC
wzX
O v - >
oCcmz
> 4 0
— —m
Oz 0O
0o

.................................................

-
. I ! .
Retrieval E X: Who was the screenwriter for Death of a Batman? E Retrieved Documents d, d,
|_ ________________________________________________ I
e N
Retrieval (Ask: If retrieved Knowledge Refinement
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Figure 2: An overview of CRAG at inference. A retrieval evaluator is constructed to evaluate the relevance of the
retrieved documents to the input, and estimate a confidence degree based on which different knowledge retrieval
actions of {Correct, Incorrect, Ambiguous} can be triggered.



Retrieval Evaluator

« workflow
= Retrieve 10 document
= Concat question and document (question-document pair)

= Predict relevance score [-1~1]
* Fine-tuning
= Positive sample : Label [1]

= Negative sample : Label [-1]
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Retrieval Evaluator

« Lightweight Retrieval Evaluator * Critic model (Self-RAG, Asai el al., 2023)
= Fine-tuned T5-large (0.77B) = Fine-tuned LLaMA-2 (7B)
= No need Human or LLM annotation (for = Requires GPT-4 annotated data (for instructi
fine-tunning) on tuning)
« Chat GPT
Accuracy
Our Retrieval Evaluator (TS-based) __84.3
ChatGPT 58.0
ChatGPT-CoT 62.4
ChatGPT-few-shot 64.7
S Table 4: Evaluation of our retrieval evaluator and
A ChatGPT for the retrieval results on the PopQA dataset.



Action Trigger

« Relevence score (=confidence score) £ HIE S E LIS action 2%

Incorrect Ambiguous Correct , TP +TN FP

S = max( —

Lower Threshold Upper Threshold Ntotal Nneg
-0.9 0.5

)

Threshold set for each benchmark:
maximize the overall accuracy

s if Confidence == [CORRECT] then with a false-positive punishment
4 Internal_knowledge = Knowledge Refine(z, D)
5 k = Internal_knowledge

=)

else if Confidence == [INCORRECT] then
External_knowledge = Web_Search(11” Rewrites x for searching)
k = External_knowledge
else if Confidence == [AMBIGUOUS] then
10 Internal_knowledge = Knowledge_Refine(z, D)
11 External_knowledge = Web_Search(11” Rewrites s for searching)
12 : = Internal_knowledge + External_knowledge

=B |

=]



Knowledge Refinement

 Extract the most critical knowledge strips (internal knowledge)
1. Segmentation = fine-grained knowledge strips (heuristic rules)
- Mo R 2L FEEHEE LFAS
2. Calculate relevence score (O}7f BHE retrieval evaluator 0| &)
- Top-k =5
* Filter threshold = -0.5
3. Relevant ones 2F 2O0fA &2 =M FX[SIH concat

-
Knowledge Refinement

roozx
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UMA N Strip; | | ,:> k.
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OMPUT I NG d. | pecompose —— Filter SIr1p, | Recompose
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Web Search

Extract at most three keywords separated by comma from
the following dialogues and questions as queries for the

QU eStiO ns to q ue ry (C hatG PT) > web search, including topic background within dialogues

and main intent within questions.

question: What is Henry Feilden’s occupation?
query: Henry Feilden, occupation

USIng Google SearCh API question: In what city was Billy Carlson born?
query: city, Billy Carlson, born
= Top-k =5

question: What is the religion of John Gwynn?
query: religion of John Gwynn

question:  What sport does Kiribati men’s national

Employ same knowledge refinement method basketball team play?

query: sport, Kiribati men’s national basketball team play

question: [question]
query:

Table 5: The few-shot prompt to GPT-3.5 Turbo for
generating knowledge keywords as web search queries.
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Evaluation

* Tasks
= PopQA (EFHEd) — Accuracy
= Biography (M&=49) - FactScore
= PubHealth (T/F) - Accuracy

= Arc-Challenge (124l - Accuracy

 Methods

-L

0j2] 20| Retrieval S ES WMt DX &4

US I Hlwm
Generation model & HHY7Z S Q] H|
Standard RAG 2 CRAG 2| H|!

Self-RAG 2} Self-CRAG(Self-RAG + CRAG)Q]
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Result

PopQA Bio Pub ARC PopQA Bio Pub ARC
Method (Accuracy) (FactScore) (Accuracy) (Accuracy) Method (Accuracy) (FactScore) (Accuracy) (Accuracy)
LMs trained with propriety data Baselines with retrieval
LLaMA2-c13p 20.0 55.9 49.4 38.4 LLaMA2;3 38.2 78.0 30.0 48.0
Ret-LLaMA2-c13p3 51.8 79.9 52.1 37.9 Alpacarp 46.7 76.6 40.2 43.0
ChatGPT 293 718 70.1 75.3 iﬁ‘kﬁm i s ‘;’gg_ ;2-3
Ret-ChatGPT 50.8 - 54.7 75.3 aviAZ13B : : : :
Perplexi[y ai - 71.2 - - - _A!.pz_lc_al_:‘g ________ 4_6'_1 ______ 7 zz _____ §l_'] ______ S Zf) -
i : LLaMA2-hf-7b
Baselines without retrieval RAG 37.7 449 9.1 23.8
LLaMA2; 5 14.7 44.5 34.2 218 CRAG 398 477 )] 258
Alpacary 236 458 498 450 Self-RAG* 29.0 322 0.7 23.9
' ' ' ' ' Self-CRAG 49.0 69.1 0.6 27.9
LLaMA2,35 14.7 53.4 29.4 294 0 2L T TT ST
Alpaca. 244 50.2 55.5 54.9 SelfRAG-LLaMAZ-7b
- %‘E‘“-‘B : S : ' RAG 403 592 39.0 46.7
0VEessB . : . . CRAG 59.3 74.1 75.6 54.8
Self-RAG 54.9 81.2 724 67.3
Self-CRAG 61.8 86.2 74.8 67.2
UMAN
ENTERED
OMPUT I NG
ABORATORY
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Ablation Study
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LLaMA2-hf-7b SelfRAG-LLaMA2-7b

CRAG 473 59.3
“wlo. Correct 445 581
w/o. Incorrect 46.8 58.6
w/0. Ambiguous 45.7 58.5
Self-CRAG 49.0 61.8
“wlo. Correct 436 596
w/o. Incorrect 47.7 60.8
w/o. Ambiguous 48.1 61.5

Table 2: Ablation study for removing each single

action on the PopQA dataset in terms of accuracy.
When the action Correct or Incorrect was removed,

the proportion that originally triggered Correct
or Incorrect would trigger Ambiguous. When
Ambiguous was removed, all input queries clearly
triggered Correct or Incorrect.

LLaMAZ2-hf-7b SelfRAG-LLaMA2-7b

CRAG 47.3 59.3
~ wlo. refinement 389 470
w/o. rewriting 44 8 56.6
w/o. selection 44.0 53.8
Self-CRAG 49.0 61.8
~ wlo. refinement 359 522
w/o. rewriting 372 58.4
w/o. selection 57.9 57.9

Table 3: Ablation study for removing each knowledge
utilization operation on the PopQA dataset in terms of
accuracy. Removing document refinement denoted that
the original retrieved documents were directly fed to the
generator. Removing search query rewriting denoted
that questions were not rewritten into queries consisting
of keywords during knowledge searching. Removing
knowledge selection denoted that all searched content of
web pages was all regarded as the external knowledge.



Contributions

First attempt to design corrective strategies for RAG

Introduce Plug-and-play method “"CRAG"

Adaptability to RAG-based approaches

generalizability across short- and long-form generation task
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