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Retrieval-Augmented Generation (RAG)
Prompt How did US states get their names?

Step 1: Retrieve K documents

o Of the fifty states, eleven are named
after an individual person.

o Popular names by states. In Texas,
Emma. is 8 popular baby name.

Californis was named after a fictionsal
igland in a S8panish book.

Retriever

Step 2: Prompt LM with K docs and generate

Prompt How did US states get their names? + @)@ €)

»L US states got their names from a varisty of
% sourcas. Eleven states are named aftsr an
- individual person (e.q. California was named

LM a‘te*llC’riEi::-:I"er Columbus). Some states

inc u."'-.ﬂg Toxas &2d | Hah, are named after
Contradictory hwericar" tribe] No information in passages

Prompt: Write an essay of your best summer vacation

q 0 o o — %ﬁ My best. .
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(b) Adaptive RAG via verbalize-based feedback HF Eﬁﬂ’g#ﬁﬂﬂ’\] response feedback: 540, @it
o o ‘w@?@ffﬁ ARINTRIRE B — B MR RIREFE S
| Question | s Ty | N e R AHREMpromptM[EE, BREMEIEES

» Retriever

L Relevont NI e N
o AF—3M. F-IEMAREREMEER, A
R
Rowen Stage 1: Generating Initial Answer
[ Qu{:r;fil‘;tn N J J, =7 @ [ CoT Process t ] —[ Initial Answer 1 ]

4

- Stage 2: Deciding Whether to Retrieve
| Internal Reasoning ]— - = <

Consistency-based Detection Module ] ________________

{ Initial Answer ry ] [ cross-language questions X J — [ responses 'y ]

| [

| [

| [

' I

. | T ] @\ |
Consistency-based : [ perturbed questions X ] - [ Do PR I Check Operator :
| ! |

| I

| [

' |

+
Detection Module ¢

[ cross-model questions Xy ] — [ responses 'y ]
Semantically Equivalent Perturbations

Stage 3: Retrieval Augmented Generation

\ ‘ Fix Potential
\ ) Web Search | Errors Correct
. [ Perturbed Questions X J —— g [ Answer 1 J
c

Retrieved Evidences [E

ROWEN
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(c) Adaptive RAG via probability-based feedback

‘ Quesf@ 777, \

 NEXESSS ‘ Retriever
! Generator ' : i@ i probability feed back: 15 EAEHI T4 49
e e token IR A SRR T B0 . MBMEE,

o= | AAREFELE AAFTER

Generator
- /7~ N\ | Answer

(LM) 4
e = R M T = = = = = m e = e e e e = = = = e e =
I[Sle]e.!rch results: Dy LM : Retriever
: . Search results: D, 1
; 25 = |
Retrieved [ ... h ts: D
documents 1 2]: Search results: Dy, 1
1 = [l "
! 2] 1
: x 1
Input  x, Generate a summary about Joe Biden. 1
1
i i Y
A
Step1l §4! Joe Biden (born November 20, 1942) is the 46th president of the United States.
1
51: Joe Biden (born November 20, 1942) is the 46th president of the United States.
1
Step 2 3, : Joe Biden attended the University of Pennsylvania, where he earned a law
£| degree.
1
s, ) He graduated from the University of Delaware in 1965 with a Bachelor of Arts
2: in history and political science.
1
1
Step3 .1 Joe Biden announced his candidacy for the 2020 presidential election on August
1 18 2019. s
1
1
53: Joe Biden announced his candidacy for the 2020 presidential election on April
| 25, 2019. 'l



BR-TETIE

) Err i Axs

YoRe NANJING UNIVERSITY OF A0 0 BIALIIE S AN AN NI ROALIS %

e
S5y v

ILM

SLner

.
evo

a Q0

fine

i Question >\

s one

SR s s R r g mm e

P

/:\

1B1TFinetunesy ERNIM)I| % —Nclassifier: 13X FHFH

~ i ,N;m;;, FRAEABEI A CHNEE IR,
L eeen \FTeED L B0, HIBTEIESERY, IR KB BSIAIMERA

Retrieval Necessity

@ Quostion Judgment Judgment Model .

User Question -ﬁﬁ” l-m @ Direct Generation  User Question —-—-

D Heuristic Answer Generation - @ Retrieval-Augmented Generation

User Question: whea & russia join the
world eccacasse forum ?

Shim Proxy  © Query Rewnting Model

Model » |

+ |Largs Language Model

== User's Question

became one of the founding members of

the sew CERENA0N. Final Answer Search Engine

= Schwab aGerman-boen bosinessssn aad econom:at

Heuristic Answer: Russia has been 2 -— - Queryl . --.
mezsber of the World Economic Forss N T .a
(WEF) aince its inception ta 1971, Is : « 3 . unknown ) ﬁ
1097, the WEF changed 1t tothe ~ —— Query - —
L N®© i
‘ : @ -

RB @B, KT AR AR

Large Language Model
Final Answer

Claim1: Russia has been 2 member of the World Economic Forum
since it meeption m 1071 —_—
Queryl: Russia membershep start year i Wocld Economic Foras

Claim?2: The Workd Ecomomsic Forum wan founded by Wlwis
Query2: Founder of the World Ecomomac Forum

Clalm3: ls 1992, the World Econsmic Fonus changed ity name 1o
the World Economic Forum and Rossia became cae of the
founding members of the new orgesization

Query3: Year World Ecomcanic Forum changed name

aoksown Claim Judgement

Quety

Retneval Necessity
Judgment Model

Figure 1: A display ol the main process of SlimPLM. Solid lines with arrows represent the flow of data, while
dashed lines with arrows signify control signals from the retrieval necessity judgment model. Step | and step 2 are
mandatory in the pipeline, but step 3 involves choosing between direct generation and RAG.

Slim-PLM
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2. Internal Knowledge =Intent Output

j Honesty

I

/

©
Intent Output




A% 1) R Ha

RGESESE LS

B) griprsAxS

NANJING UNIVERSITY OF A0 0 BIALIIE S AN AN NI ROALIS %

3. Intent Output=Actual Output

GT

1
j Honesty

o @
i Intent Output
Confidence ,
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Prompt 3.1: Instruction for Honesty and Confidence Feature Extraction

[INST] Pretend you’re a <honest/dishonest> | <confident/unconfident> person
making statements about the world. [/INST]<a statement s;>
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Confidence Monitoring
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Step 1: Honesty/Confidence Feature Extraction

Last token Principal Component
Codivdative representations Analys:s.(.PCA)
honesty/confidence : __Honesty/Confidence
instructions features
+ ¢ "Ny T

sentence statements

[1] Parker was born in Houghton, Michigan
to Glenn and Helen (MacNair) Parker on
e...(gea,T'n June 10, 1927...
/[2] He joined University of Chicago in 1955
and spent the rest of his career ...

Search Query
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_ Original query & = [3]..
.-=="  current generations
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Table 1: Overall results of short-form
is our reproduced results. * de-
notes results in the corresponding work.

Method TriviaQA  PopQA
wo0-RAG3Sp 53.8 25.7
SR-RAGS; 62.7 51.9
FL-RAGS; 60.8 28.1
FS-RAGS; 54.3 26.9
QD-RAGS, 52.3 29.4
FLARES; 72.4 48.3
Self-RAG, 66.4 54.9
Self-RAG1 69.3 55.8
RQ-RAGE, - 57.1
QC-RAG! , 58.2 -
CTRLA 5 76.4 61.8
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Table 2: Overall results of long-form QA. ®is Table 3: Overall results of multi-hop QA. T
our reproduced results. * denotes results in the means results reported by DRAGIN/SeaKR.

corresponding work. denotes results in the corresponding work.
- Method 2WMQA HQA
ASQA Bio
Method EM Fl Freq EM Fl Freq

strem R-LL EM Fl mau FS

wo-RAGS 188 337 87 137 238 419 o pace)
SRERAGS. 3od 549 183 051 545 ae Soenetm 460 dog Gl Tesd 2ol L

7
FL-RAG}; 244 344 112 167 265 569 T-RAGp 112192334 146 21.1 331
FS-RAGS; 259 329 11.3 169 44.8 57.5 FS-RAGz;y 189 265 3.83 214 30.4 4.15

WO-RAGJ;B 146 223 0.00 184 27.5 0.00

QD-RAG7s  18.1 186 84 123 - 224 g Apgpl 143 213 094 149 221 1.07
FLARES; 299 352 162 222 504 748 Sel-RAGL, 46 196 - 68 175 -
Self-RAGL, 300 357 - - 743 812 DRAGIN}, 224 39.0 284 237 342 3.02
Self-RAG!, 317 37.0 . 716 802 SeaKR, 302 360 - 279 39.7

CTRLA7g 37.0 38.5 204 273 79.2 834 CTRLA; 369 43.7 201 34.7 449 3.28
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ST e RER THEWSSRETAIREER  (TruthfulQA) |
EXTEL T FEpromptHR 5[ SISt HAYIE R, B, BEXB
LUF:

50

48 =
& / A PopQA ASQA 2Wiki
. Acc (%) st-em R-L FI mau EM Fl

= 44 ~ 3
< 42 k—o// A=00 585 36.8 38.1 27.0 765 349 415

W BA 08 12 Lé A=03 61.8 37.0 385 27.3 792 369 43.7

A HonP 60.2 36.8 383 27.0 715 343 41.0

Figure 2: Effects of honesty
steering on Truthful QA.
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Figure 4: Effects of different choices of 7 on
TriviaQA.
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Figure 5: Impacts of honesty steering with re-

spect to the layers and steps on TriviaQA.
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