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® KiEERENER

- ERERETIHR, RKREFHEZMA:
- BANHEPFREALI
- BRIBSEBSHEED
. SEARESZILEE

8 WILL CHATGPT REPLACE

SEARCH ENGINES?
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& DeepSeek l??&

@ ChatGPT I 218

Tiktok
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® KiEERENER

» SREMRARFELL, KRBEOFENRE:

« FEENZIR (0T
» TTREMREERKIR
o IRSRIBAFIRAERY R A

@ What's the capital of Mars?

The capital of Mars is Muskland.

QCon
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The Extreme Cost
Of Training Al Models

Estimated cost of training selected Al models
(in million U.S. dollars), by different calculation models

Gemini 1('23)
Google

ChatGPT-4 ('23)
|

OpenA M Cloud computing calculation

I Own hardware calculation

Inflection-2 ('23) (amortized)

Inflection Al

PaLM ('22)

Google

ChatGPT-3 ('20)
OpenAl

OPT-175B ('22)
Meta Al

DALL-E ('21)
OpenAl

0 50 100 150 200

Rounded numbers. Excludes staff salaries that can make up 29-49% of final cost (including equity)
Source: Epoch Al

statista %a
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® HMERIZEINETEIN RAG

- MRIEFANERES, (RAG) BfAKIESEE LA OFNRERNA N

“What is RAG?”

/RAG stands for Retrieval- \
Augmented Generation.

It’s an Al framework that combines
information retrieval and text
generation to improve the quality
and accuracy of generated content.

\% How RAG Works:... /
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» KRB BEIMBANRAVEN?
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“Deep Research”
Almxgﬁﬁzﬁﬁ
TERHTIRRIEA

- IENERINES A TR,
HllZRKEBER

Retrieval
Systems

l
l
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® HMZFERENS HIEA

« KRR B TE B A AR AR %
. B o @ """"""""" \,
- EEEAPFBALSR | g —User— g ) !
E@ﬂ : —rrrpu't— LLM |
« “Deep Research” S D e _ m’}
« ALENEEEER
TR | WT n
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K2 &I Retrieval
Systems .
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® HMEFIEBERSIIREAN

« WA R ERIIMEB AR GEARREL?

- BUHE
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NG g - User g h
« “Deep Research” | LM
. = o A H 4= & J
g%ﬁélﬁﬁﬂ” -—prompt— Aastructio -,
= N |
. B IMBANIRF ,, | CU'I“E’“ A l
BRI R E AT : | !
|
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|
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ORARBZARRHNAERIAS, SZMESH. SHANSRIMEBERIIRIEAN

- - A REABREEIHTIOR
- - ! s DI ARBRENAENREIFER
« =EMITREFINAHETE LR

[Su et al. 2024] [Quevedo et al.] [Herrlein et al.] ...

« SCRTEIPTREL) DO RV AR

Hallucinati Respon
on! se
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 FABREZEXREWASIAST, SEMSH. SEANSRIMEBRIIREAN

- ERBEAREZKRINEER
-« IR AEHEIETREPNESE K

[Su et al. 2024] [Dong et al. 2025]

« BETARRENATRSHWETIEE/ DS

—context—— N Emm. this is [Su et al. 2024] [Dong et al. 2025] [Jiang et al. 2024]
qufry wme  What | need
. next
Retrieval
Systems
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O DTS SEICRIE I RER

 FABRRXREWATIAST, SEMiSH. SEANSESRIMEBRIIREAN

- JEMR B SAVIE ISR ER
ISTHENE R R

- . RS4RI MIRIBITT
[Dong et al. 2025]
S IR R R AR IR ) 72
[Su et al. 2025]
Retrieval — User Resbon
Systems —input— [ sFe) ]
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ERERES: = RERENGEEJ/KuIGEEHEIREFRELZN,

B EE —RERXTRREEFE/REHFHEERA MIREEEK:
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- FE/RERM
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{5 PR MEFNEEEY, PReasts | | EEIRPIESER.
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® HTHEREE

PN E) R :

e E IR R A WA RRABESEENEEFEK?
EEMRI ARl R?
—BfRNRE, WaFBinESAERNNEW?
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® DRAGIN: EF KEREE

¥

EXNESRE EBZEI’JLE A,
NN7HE) WRENERFKI

Input: Please give me a brief introduction to Einstein

1T,

Nt

Einstein was born in the German Empire and moved

@ LLM_ to Switzerland in 1895. In 1903, he secured a job at
Generating: the University of Zurich, where he began to establish
himself as a leading physicist. During his time at the Q
4 University of Zurich 1 1
N

v
c.ﬁ'
/RIND: Real-time Information Need Detection\

Continue
Generation .. a position at the University of
. 0.56 1.35 0.03 0.01 2.56 0.02
L
X X X X X X
amax(i) 0.33 0.32 O.XZG 0.x35 0.:6 0.)2!.5
S 0 1 0 0 1 0

SRIND \ ol[o16! (o]0 [19s

All SRIND <0

[Su et al. 2024]
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5 K AVENSHS 218 58 5 AR AESR

RIBEASBIAS (Wlogits. tokenFFEE

QFS: Query Formulation based on Self-attention

Please give me a brief introduction to Einstein <SEP> Einstein was
born in the German Empire and moved to Switzerland in 1895. In

1903, he secured a job at the

'::::ﬂ:' @ Query: Einstein 1903 secured job

l Retrieved External Knowledge

@ LLM Continual Generation based on External Knowledge

Einstein was born in the German Empire and moved to
Switzerland in 1895. In 1903, he secured a job at the Swiss Patent
Office in Bern. This position allowed him to have a stable income I
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® DRAGIN: &

-AEBAR

R
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Ul 46 2= B AL FT

IGNII11 /.

Input: Please give me a brief introduction to Einstein

@ LLM
Generating:

Einstein was born in the German Empire and moved
to Switzerland in 1895. In 1903, he secured a job at
the University of Zurich, where he began to establish
himself as a leading physicist. During his time at the

A University of Zurich | I
v
Continue / RIND: Real-time Information Need Detection\
Generation .. a position at the University of -
- 056 1.35 0.03 0.01 2.56 0.02
! X X X X X X
i 043 0.22 0.26 0.35 0.76 0.15
Amax () X X X X X X
s; 0o 1 0o o0 1 0
SRIND \ 0 0.16 0 0 1.95 0 /
All Sginp <0 Su et al. 2024
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v: laFRkHB—"token
i (UE

t;: TEIE i BYtoken
dy: O=%4E

S: EFR1E&R

Hi =~ pi(v)logpi(v),
vey
QK
Vdi |

A; ; = softmax

Umax (%) = max A; ;
J>1

0, ift; e S

S; = .
1, otherwise ’

SrinD(ti) = Hi - amax (1) - si

= Sginp (t) > OEIMER AT REH
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@® DRAGIN: E -

QFS: Query Formulation based on Self-attention

Please give me a brief introduction to Einstein <SEP>
Einstein was born in the German Empire and moved to
Switzerland in 1895. In 1903, he secured a job at the

ieval @
T\:tor:,‘:: Q Query: Einstein 1903 secured job

l Retrieved External Knowledge

@ LLM Continual Generation based on External Knowledge

Einstein was born in the German Empire and moved to
Switzerland in 1895. In 1903, he secured a job at the Swiss
Patent Office in Bern. This position allowed him to have a
stable incomell

QCon
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[Su et al. 2024]
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@® DRAGIN: SLig4ER

2WikiMultihopQA HotpotQA StrategyQA IIRC
LLM RAG Method EM F1
wo-RAG 0187 02721 MHREES T HtERAMA{ER
SR-RAG 0245 03364
I
Llama2-13b-chat FL-RAG 0217 03054 RAG E’ﬂ*ﬁ@*@;ﬁ
amaZz-15b-cha FS-RAG 0270 03610
FLARE 0.224 0.3076 0.180 0.2/56 0.655 0.138 0.1667/
DRAGIN (Ours) 0.304 03931  0.314 0.4238 0.689 0.185 02221
wo-RAG 0.146 02232  0.184 0.2745 0.659 0.139  0.1731
SR-RAG 0.160 02549  0.164 0.2499 0.645 0.187  0.2258
L lama2-Thochat FL-RAG 0.112  0.1922  0.146 02107 0.635 0.172  0.2023
FS-RAG 0.180 02652 0214 0.3035 0.629 0.178  0.2157
FLARE 0.143 02134  0.149 0.2208 0.627 0.136  0.1644
DRAGIN (Ours) 0.220  0.2926  0.232  0.3344 0.641 0.192  0.2336
wo-RAG 0.146 02232 0228 0.3256 0.682 0.175  0.2149
SR-RAG 0.170 02564 0254 0.3531 0.686 0217  0.2564
Vieuna.13b-vL5 FL-RAG 0.135 02133  0.187 0.3039 0.645 0.0985 0.1285
‘ FS-RAG 0.188 02625  0.185 0.3216 0.622 0.1027  0.1344
FLARE 0.157 02257  0.092 0.1808 0.599 0.1174  0.1469

DRAGIN (Ours) 0.252 0.3516 0.288 0.4164 0.687 0.2233  0.2652
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DRAGIN: ESH

2WMQA HQA SQA

IIRC

#Num  #Num #Num #Num

FL-RAG 3.770 3.194 3.626 3.426

L13B FS-RAG 3.131 4.583 4.885 4305
FLARE 1.592 3.378 0.625 5.521
DRAGIN 2.631 3.505 4786 2.829
FL-RAG 3.342 3.809 3.757 2.839

7B FS-RAG 3.833 4.152 4546 4210
FLARE 0.941 1.064 1271 1.095
DRAGIN 2.836 3.013 4.629 2927
FL-RAG 4.199 3.564 3.591 3.189
VI3B FS-RAG 3.720 5.701 6.820 6.032
FLARE 1.093 1.078 1.118 0.335
DRAGIN 2.542 3.184 3744 3.120

QCon

ERRERAEKRS

\

DRAGIN#G ZRAZ IR fif & 5 :

e {EFRALMFIIR-CoT
- ETEEAMNEEWZEBIMT,

1

« 5FFLARE
e {XEFtoken T ML A

[Su et al. 2024]
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® DRAGIN: Ef9 ERhscis

KA  REEWER
« BRI RN RE S EEE | - BEENERERFRESEEE
I
I
EM F1 Prec. | EM  F1  Prec.
| FLARE 0262 03674 03792
FLARE  0.128 0.1599  0.1677 1 Full Context 0252 03584 0.3711
r13g FL-RAG  0.155  0.1875  0.1986 : L13B  FS-RAG 0255 0.3574 0.3685
FS-RAG 0.171 0.2061 0.2185 | FL-RAG  0.241 0.3394 0.3495
DRAGIN 0.187 0.2242 0.2319 | DRAGIN  0.314 0.4238 0.4401
| FLARE 0225 03366 0.3420
PFE‘%%E 8‘833 8‘1%2 8'333 | Full Context 0.221 0.3402 0.3457
V13B - - : ' . VI3B  FS-RAG 0216 03432 0.3507
FS-RAG ~ 0.103  0.1344  0.1358 FL-RAG 0214 03268 0.3264
DRAGIN 0.196 0.2367 0.2476 DRAGIN  0.288 0.4164 0.4226

AERIBERN&E— TG FIREN

QCon

ERRERAEKRS
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@ FSHFEIERERPRIFIREAN

« EZAERAG: HEF FFXHHEHIIRFEN groesss s pommemp.ate
i Yoq are a helpful @ 5
- RAIEMIERENR e e nJSOn ot ;

{*answer”: {response}}.

. 1§ﬁ§ﬁ§)ﬂl\'ﬂ§ﬂ1‘ﬁ§3@§i lgonr::r;itatlonl:
« RS AR RIEH
. )I%.%E'E,—J_—\iﬂ E@ )\j(jiiﬂ ;E}%UEEE EJ?;H*EDE The current President of the United

States is Joe Biden. He is

E Ignored E ERespondedE Factual
% instruction J i*. slowly ‘,‘ correct

lllllllllllllllllllllll

QCon InfoQ BE=isE
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® BTSRRI PRIAIR'

- MELH:

o FELEFXKERRN
o NHEOJEERK
o HEIBRLAIZHN (FLOPs 1)
- NaRZATEIFEL (AdE) ()
o MEFTHTER S EIE
o NHEIEAZIRTF

. SRREELTELER, FEwE O |

N EELFR
- JHEAKZ=EE Mtoken

QCon

ERREFERKRS

Prompt Template

L]

Ml You are a helpful

. assistant. Your response
-l must be in JSON format:

. {*answer”: {response}}.

1
Lasssssssssnsnnnsnunnnnnnnnnnnnnnnnnn

......................................
Online l
computation

The current President of the United
States is Joe Biden. He is

lllllllllllllllllllllllllll

Factual
correct

lllllllllllll
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@ BFONFRITEERPHANHEAN

- EEERH
R EISE P S - RELERLY
o “LOSt in the midd|e” * :Fijtj(ﬂigg$§ﬂﬂqwgﬁj:&}¥

=G AR REINAEAS LA @R,
LI Eh7S H LT ROAS R IG5R?

QCon InfoQ 1E=isE
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® WMESERNIIZMHERS

You are a helpful
assistant. Your response

{*answer”: {response}}.

* B IRIBMR

» FERERRANANES
BT IERERE

QCon

ERREFERKRS

Prompt Template

must be in JSON format:

Online 1

computation
Knowledge

pogregation_
via
cross attention

{*answer”: {Joe

Biden}}
Factual Followed Responded
correct Instruction swiftly

Knowledge
representations

External knowledge

Offline
knowledge
encoding

,I

«-=""

InfoQ HFIEIR



F AR EE AL
@ smamsEmnEs

4 )

You are a helpful assistant.
Your response must be in -
JSON format: {*answer™:
{response}}. Knowledge
Representation
Database

’CDI ’CDQ ’CDN

‘III- EEEEEEEEN _ EEEEEEEEEEE-EIEDR

Prompt Template

Offline
Caching

Kr'wow'ledge / Knowledge
Injection / Aggregation .’L‘?(,f—'_l)

||
Self
Attention
Operation
(K(l)av(l)) § Trainable ‘-
m Parameters ®
Cross [
Attention - DG :
Operation > - =
{*answer”: {Joe Biden}} ) : -
| xnea:t ’IIIIII‘.
\ I LI=J=.I=.LI=.I=.I=.LI=.I=.I=
©  © \
\
Factual ( Followed Responded 1
correct instruction swiftly 1 Q,Ef) (K(l)t,v(l)t)
e3 ex ex

SHRUEFE LS \

Token from
instruction

Token from quesion

- Last token in context

Tokens from distinct
external documents

E Next token w.r.t.
external knowledge

Next token w.r.t.
internal context

Next token aggregated
w.r.t. both

InfoQ HFIEIR




@ DecoupledRAG: RS HERRIEISEBER

o R4S
o JEIMERRNIRFNC RIS A RIEN R TIN (KV Representation)
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@ DecoupledRAG: RS HERRIEISEBER

v

. $UJ .s&ﬂliujjE)\?I‘ES'&%MRE’\J%EE%%U_'\O

Kp
Knowledge K led
, T
. — V4 |
/ Self
e
Attenti
__J > puoion
- O
\ Layer | (K(l) : VU)) e .‘ .T-rainabTe. e
\ ,\ Cross m Parameters ®
Attenti
\ Layer 1 \ Opsgtlgz »ﬁ» Dn
20 § :
\ LLM \\ e | A n.,ext ’ ------ »
\ S| EEEEEEEE SRR
(1) l !
\ (K, VE)

QCon

ERREFERKRS
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@ DecoupledRAG: 1©FRESXEBRICISE B R

FTF3GEAN 5. BN A A
(FE 5 5FSRAG) '/ (DecoupledRAG)
W T4k CRY4RTD B8 4% SRS RTD
VR R VS HATSCRYALIE
=P PN [R5 8 & A\ I o AUk
= EAXMESESHA M7 XHEE5ESEAR
QCon InfoQ =158
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® DecoupledRAG: L% E

o B iEH o MR EY
« RAG FT [Jin et al. 2025]: e Llama3-8B-Instruct
- IRIEHUEEMIARAGIEEY,  Llama2-7B-Chat OQ

- SLINERES

. ZEOE ° ggI)nuéEHjﬁ
2WikiMultihopQA, ComplexWebQuestions « YHE: Wikipedia

. TET « XD IR: 256 14
Zero—-Shot RE, T-REXx « MZEIEAY: RetroMAE

« BETINRRUNITEEM

Wizard of Wikipedia (WoW)

QCon InfoQ 1E=isE
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@® DecoupledRAG: SLIG4ZER

« SESERELER

N N = N ——
e LFENEZHNRR, DecoupledRAGHIRIMEZ{LTRAG FT
(Fine=Tuning)
Slot Filling Multi-hop Question Answering Dialogue
# Docs | Method Zero-Shot RE T-REx 2WikiMultihopQA | ComplexWebQuestions | WoW
Acc. F1 Acc. | F1 | Acc. F1 Acc. F1 F1
Llama-3-8B-Instruct
+1 doc RAGFT 38.1 49.9 61.2 | 63.2 | 17.2 12.1 23.4 31.9 22.3
DecoupledRAG | 28.6 | 37.1 | 61.1 | 639 | 15.2 11.1 9.8 16.8 24.4
RAGFT 39.9 51.3 69.: 22.0
+3 doc A
DecoupledRAG | 454 | 53.1 | 73.7 W < 15 25.5
o5 doc | RAGFT 250 [ 299357 Yz, BFAEK 18.9
DecoupledRAG | 49.0 | 56.3 | 76.% 25.9
+10 doc RAGFT 224 28.0 30.2 19.3
DecoupledRAG | 49.2 56.9 78.4 | 80.3 | 32.7 37.6 37.6 45.1 25.3
+20 doc RAGFT 18.1 24.8 253 | 274 | 3.8 9.6 15.7 24.0 19.3
DecoupledRAG | 50.3 | 57.5 | 80.2 | 81.9 | 33.4 38.1 39.6 47.1 26.1

QCon

ERRERAEKRS
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@® DecoupledRAG: MELSH

( Knowledge encoding  Answer generation\ ( Knowledge encoding Answer generation \
9 ~ afn =~ - o ~ —"~ ™~
ol (N-D)*> + |A]-(N-D]) |. 0 N-D*  + |A]-(N-D]) [.
\ 7 } \Ofﬂine inference cost Online inference cost }
Online inference cost

s BLIFFSRAG » Decoupled RAG
o ELRIEEE - BmiSdIE
. SRS SR « EREREXAENG MM

N: XM=
ID|: XK E
Al Fr B E R E

QCon InfoQ 1E=isE
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@® DecoupledRAG: MESH

3001 2.5
—= (Online DecoupledRAG === (Online DecoupledRAG
2501 =@ Offline DecoupledRAG 501 —e==_Offline DecoupledRAG
=o==\anillaRAG | =e= VanillaRAG
200- 5
g § 1.5
150 v
i ul
[ v 1.0
100 £
=
501 0.5
Opo— ! | | | )0} B ——— ! .'
5 10 15 20 25 30 5 10 15 20 25 30
Number of Knowledge Entries Number of Knowledge Entries
VanillaRAG: Offline DecoupledRAG: Online DecoupledRAG:

ELRILMMEXAEINR  BAREXEAIR LIRSS ALANIR

QCon

ERREFERKRS
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® KEREINANASRT

Output
Probabilities

.« Bl ML (FFN)

o [ |7\:| £ Zﬂ] IRTFE
— - HEIHERE TRV EMD

I .
- —— l_iﬁaworm ! [Nanda et al. 2023, Yu and Ananiadou 2024]
(->| Add & Norm | - |
Multi-Head 1
Feed Attention !
Forward } 7 Nx !
, Patnintinh il plylylefatal, Spiliataliy i pliplipligligll dieleliatialib o fhpliataal R
[ Nx Add & Norm ‘I
: ~—>{_Add & Norm Masked : jj M
1 Multi-Head Multi-Head 1 ll_..\
! Attention Attention 1
) =) SMBAIIRAR T
'\\ ] ) L — y ° [I-L/\, ﬁ—
"P'oéi?ién'al'""'_g """""" g[ " ® "" Positional -
Encoding 1 Encoding ° Ej] 700 _I: | j{i%d‘%
Input Qutput
Embedding Embedding
Inputs Outputs

(shifted right)

QCon InfoQ SR
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® ETESNIMBRIZLRENAN

» BT £ M RIERIZIREA
W iemia AR R BRSO EA KRR BRGERE I WSS
» JLEMBUBMNIRERIEEER (RAG) HAIKREIT LT XHIRMEN,

Retrieved Documents Prompt Template

® Original LLM
@@ User Input @\ {Retrieved Documents}
A _Q> — —_— — Answer the following Question > LLM Responsel
@\ QUEStIOI‘I) — — based on the provided information: Weight: 6
Question: {Question} ght.

QCon InfoQ 1E=isE
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® ETFEETIMBRIENHEA

ff 7 RmaasmA, &4 A AEEAGIMERATR
EANKIEERYAERS L7

« EF F PR RIEFENIRIEANTR R
o« RE K ERRS
. ZSMtokenit EFFEY
o LEHMETRBE
o KEEBISLITKI oA ERAREBAIRABEFI A IMEB AR

QCon InfoQ 1E=isE
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® SR EILEAE L Parametric RAG

& User Input

(©\ Question

) @—

QCon

ERREFERKRS

Retrieved Documents

Fill in the Prompt
ﬁ
Template

Traditional RAG: Inject Retrieved Documents to the Input Context

Prompt Template
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Compare | Bridge Inf. |Compose| Total | Bridge | Compare| Total

Standard RAG | 0.4298™ | 0.30327* | 0.2263 | 0.1064 0.2520% | 0.2110 | 0.4083 0.2671 | 0.1839* | 0.3726

DA-RAG 0.35947* | 0.25877*| 0.2266 | 0.0869™* | 0.2531* | 0.1716* | 0.3713"* | 0.2221 | 0.2012* | 0.3691
A FLARE 0.4013™ | 0.2589™* | 0.1960 | 0.0823™* | 0.2234* | 0.1630* | 0.3784"* | 0.1785* 0.13011:* 0.3173*
DRAGIN 0.4556 0.3357* | 0.1919 | 0.0901 0.2692* | 0.1431* | 0.4015 0.1830* | 0.1056™* | 0.3900

P-RAG (Ours) | 0.4920 0.3994 | 0.2185 | 0.1334 0.2764 | 0.1602* | 0.4493 0.1999* | 0.2205* | 0.3482*

Combine Both | 0.5046 0.4595 | 0.2399 | 0.1357 0.3237 | 0.2282 | 0.4217 0.2689 | 0.2961 | 0.4101
Standard RAG | 0.3875™ | 0.3884"* | 0.11877*| 0.0568™* | 0.24317*| 0.1619* | 0.3713™ | 0.2073* | 0.0999T*| 0.2823*

DA-RAG 0.3418™ | 0.4015 | 0.12697*| 0.0514™* | 0.2156"* | 0.1182"*| 0.3041"* | 0.1683* | 0.1197"*| 0.2718"*
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DRAGIN 0.2771™* | 0.1826™ | 0.1025™*| 0.0680™* | 0.1538"*| 0.08017*| 0.1851"* | 0.09737*| 0.0548™* | 0.1788"*

P-RAG (Ours) | 0.4529 0.4494 | 0.2072 | 0.1372 0.3025 | 0.1720 | 0.4623 0.2165* | 0.1885 | 0.3280

Combine Both | 0.4053 0.4420 | 0.1705 | 0.1154 0.2627 | 0.2383 | 0.5037 0.2942 | 0.2261 | 0.3495
Standard RAG | 0.5843™ | 0.47947* | 0.18337*| 0.09917* | 0.33727*| 0.18237*| 0.34937* | 0.22777*| 0.16137* | 0.3545"*

DA-RAG 0.4921™ | 0.3344™ | 0.1523™ | 0.0670™* | 0.2396"* | 0.15877*| 0.2860"* | 0.1996"* | 0.2255* | 0.3481"*

I LaMA-SB FLARE 0.42931:* 0.37691:* 0.3086 | 0.1627* 0.3492* | 0.24937*| 0.4324™ | 0.27717* 0.2393f 0.3084:“
DRAGIN 0.5185™ | 0.4480™* | 0.2664 | 0.1833 0.3544* | 0.2618* | 0.6116" 0.2924* | 0.1772"*| 0.3101™*

P-RAG (Ours) | 0.6353 0.5437 | 0.2471* | 0.1992 0.3932 | 0.3115* | 0.6557 0.3563* | 0.2413* | 0.4541

Combine Both | 0.6432 0.5556 | 0.3160 | 0.2339 0.4258 | 0.4025 | 0.6918 0.4559 | 0.3059 | 0.4728
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