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» e=IeiEAERE (Retrieval-Augmented Generation, RAG)
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» RAG vs Fine-tuning
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» RAGRJHBSETL (Naive RAG)
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» RAGRJHEYET, (Dynamic/Advanced RAG)
ZE|Gilk -> B E > 1 > B85 -> 5
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» EYERAG (Modularized RAG)

B AR
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DSP
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» RAGRIKEIRRI—ASFITA?

) ) Chunk | In-Context RAG 2023
| | e

ékey, value, pointer)

A

kNN search
@

Context: The U.S.
(T

MEALEE, 7:'IEH.:.U

BX, 15 %F;%EE

—_%‘_—m, ﬂ.l% I:Ilu\y

In the 2010 NFL season, [mask.]
[mask.] made history by making it

| season, [masi,] [mesk,] made..|
into the playoffs despite having a 7- : o

- against the Seattl asa

ﬂ! Target: president is Joe Biden
Batch In the 2010 season, the. Vector space

A .. .. against the Seatlle Seahawks asa...
R B
\‘l 9 record. - "..v SIE

member of () In the 2010 season, : - h Y
the Seahawks became the first team sl -‘.4' | season, the Seahawks hecame the
IS in NFL history 1o .. [ B R
e [=-against the Seattle Seahawks asa .| [..became the first NFL history 10 ..|
*lL . season, [masi,] [mask,] made. .  season, [masky] [ask;] made
sim( “——————— ) and sim
| --against the Seatiie Seahawks as a \

}E o [ agans"heEeaﬂl‘esesriswksasa |
Token | KNN-LMM 2019

Training Contexts | Targets | Representations| | Distances Nearestk | [Normalization Aggregation
o v; ki = flei) = dlg, k) plks) o expl—d;) Pl = 3 Lp-orlk] _ S
Obarma was senator for | linois @00® | 4 Hawail|3 |—=  Hawail[0.7 — &  Hawail[0.8 D i |
Barack is married to| Michelle Co8®) | 100 llinois |4 | ilinois 0.2 74- Hinois | 0.2 E ~
Obama was born in | Hawaii @O0® [+ 5 Hawail |5 | Hawaii [0.1 T
Obama is a native of | Hawail | @89 | oo | 3 Classification Inbrpolahon | EE { ’l -|_
PLMY) = A+ A 7: I
Test Context Target || Representation -
- i 1) Hawail|0.2 Hawai |0.6
Hlinois |02 H—* Hinois |0.2
Obama’s birthplace is ? @0D®

FSQiay a) @R
ES)

FEHFER

Knowledge Graph | 2023

Tx%{ﬁE Ef&)&*lﬁlfﬂ‘@%
=] IU‘ I *Q\?XQEE{EE 2
PRIKGERE

(Wikipedia)

chunks: 13 millions Unied rgo
tokens: 4 billions  nartes Darwin @
a } ®
[ ]
e F IS S S
Transformer Layers
* [} L3 . 1
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» RAGRIKXEIAE—UNAEREEAS

EHETET, SEReREINERRIEMERENARERT

Define "middle ear" (x) € - - -m-mssssssssmssssssss====== The middle ear includes
a . End-to-End Backprop through q and pg CC e ar:d)
uestion the three ossicles. (y
Retrieverp,  Document Y Generator pg ) Smenzrerery ps HF= + 1A
(Non-Parametric d ametric o
AR {5 IEﬂ (BREIFICREZHIA]
inlaasiia Rk, BAAEETER

Barack Cbama was
born in Hawaii.(x) q(x)
Fact Verification:

Fact Verification: Fact Query Label Generation

The Divine
Comedy (x)
Jeopardy Question
Generation:
Answer Query

This 14th century work
is divided into 3
sections: “Inferno"
"purgatorio® &
“Paradiso” (¥

Question Generation

Chunked cross-attention (OCA)

Encoded neighbours

S A

B3

= SIFRANBSHIRIAREZ, H5|A

Ay > A
WIMNIEZE, Bl
Z , : NI, 72 RWNER
~
1 Y " CA(H, E,)
l\ H CCA(H. E)
= (e |
Training Contexts Targets Di Nearest k izatis A i
[+ v; ki = fle) d; = dg. k;) plky) oc exp(—d;) X’.\\‘UI'EW wpls)
Obama was senator for | linois T @eoe® |- Hawali|3 [~ Hawaii|0.7 |— Hawaii | 0.8 \ A\ P
Barack is married to | Michelle QCee0) —| 100 Miinois |4 [~ linois [0.2 74- lilinois 0.2 1 %IIEEEU H:II éiﬁiﬁd:«\ m ,/e\. = ﬁ_dza %
Obama was born in | Hawaii @ I.IOI p [ 5 Hawail |5 |~ Hawaii 0.1 i E«ér I|:H /Tﬁ:)r\lU)E = | _L/ < =J J
Y aus O s ——— A Y
Obama is a native of | Hawaii - 3 o : EJ J\I K {E F&)({EE
PLu(y) ) = A+ (1 Apra x =1L
Test Context Target Representation " N
T a=fz) Hawaii | 0.2 Hawaii | 0.6
Hincis 0.2 H—* illinois | 0.2
Obama’s birthplace is ? @OC®
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» RAGRIXKHEIRRE—AT ABHEIEER
PR BT

BIEEEIS=yn:

WER, MERBIRYSE

(ERSERS

Adaptive | Flare 2023

Search results: D, Ret
(1] search results: 1) etriever
Search results: D

2 qa):
e
[2]:

[2]:
X Generate a summary about Joe Biden.

Once | Replug 2023

Input

Y1 Joe Biden attended

qz2 [Search(Joe Biden University)]

Y2 the University of Pennsylvania, where he earned

q3 [Search(Joe Biden degree)] -/q:’.

Y3 alaw degree.

PR ITIRER BIENHITRER

MRBNEREK, B

SRR, RERS

Every N Tokens | Atlas 2023

/‘ western part

Masked Language Modelling:
Bermuda Triangle iy in the

<MASK> of the Atlantic Ocean.

Pretraining Atl aS
Few-shot . J
( Fact checking:
Bermuda Triangle is in the western

part of the Himalayas. e Bermuda

rian; urban

- {2 ona
reg e

Question answering: Western part of the

Where is the Bermuda Triangle?

North Atlantic Ocean
.

VAl

13§ WEGTES

AR SRR &R = T 3

HANBF T
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» RAGERERHIZEEE

2024 ARM-RAG
RAG Log CREA-ICL
i \
s ITRG /
InstructRetro KALMV FABULA
PRCA | KAR 7
RegaVAE \ UPRISE
\ RAVEN I
S ;k self-rag
sugre elfmem / ’
AAR ‘ PKG Flare
: ITER-RETGEN
GPT-4 Refrot+ REPLUG Rewrite-Retrieve-Read ‘
\ UPRISE
2023
NPM
DSP
COG
. PROMPTAGATOR
ChatGPT
RETOMATION
2022
1 Retro
GPT-Q ‘ RAG REALM
2020 KNN-LLM

)l 2 {1l
Retrieval—Augmented Generation
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» Techniques for Better RAG — S ZERBSLL
23|t

Small-2-Big
FERFRARNSE,

SAETELLMA& RIS HE
By KEN

IIJ\\DDTU%HE

TCEHETHIS/Y e
PTTER LR

B MENNEIIER—ME
RUSCIESRIBIRMER, FEMIZNA

RAEJLARZERYE)

AR SRR &R = T 3

BEEH

BEIChunkZ&Fe
Y B

T

e

B RN\ EARY

1S, EEEERER

N, BMEHE
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M$| ZU

B

TUEHEY

XTI BARIC. EiFE
B, BRTIEBXEIRZI, FitEh
TTEIE SR

JiSas

HANBF T

Smal I-2-B Ig Question: ook

V7[5

Embed Sentence — Link to Expanded Window

What the LLM Sees

Embedding

What are the

e).
decline for all SSP scenarios but will not

concerns n'va abrupt collapse before 2100. 3.2.2.4 Sea Ice

surrounding the

AMOC? [ What the LLM Sees

Retrieve Document
Embedding y  Chunks for
. Lookup ‘ Doc Summary ‘ Synthesis
Question:
What are the ‘
concerns —b‘ Doc Summary }—»
surrounding the Document
AMOC? - Chunks
{ Doc Summary ‘ \ y,

write a passage to answer the question
How wisdom teeth are removed...

H D E Some ... a few minutes, whereas
Y It usually takes between 30 others can take 20 minutes or
r....

minutes and two hours to longe
remove a wisdom tooth...
...depression and ai . two studies investigating
increased by 20% nce me Contriever COVID-19 patients ... significantly
s13r\0“hepa indemic. higher level of depressive ...

QU0 EE AL 7|52

how long does it take to remove
wisdom tooth

write a scientific paper passage to answer
m e question
How has the COVID-19 pandemic impacted
mental health?

write a passage in Korean to answer the 8002HA T E| LIEHHICE HE MBS AZ|E= 2T
question in detail Dlggﬁ?} mzsélum wye
QTS X BE ABHET 2 Agaic.

real document

aaaaaaaaaaa

2020 10Q -_2020 10Q chunk 4
221100 |r—={ 221 t0acuncs |

222100 jr—{ 2@ wacunks ]
2023100 | 2wst0acmnks |

query_str:
<query_embedding>

Metadata tags:
<metadata_tags>
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» Techniques for Better RAG ZHMIEE
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» Techniques for Better RAG ——Embeddingfft{t

R E SIEHYEMbeddingf R 7S
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% Capability boundar
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SiRbATbR BAAI-General-Embedding (BGE) LLM-Embedder (BGE2)
| Query )‘ | Embedding Model
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» Techniques for Better RA

Iterative

IACRIRERIERE, ARTERENEMAERARIANR

Question: What is the date of birth of Emilie Hegh Amtzen's mother?

Retrieval:
infobox name: Emilie Hegh Arntzen ; caption: Hegh Amtzen in 2018 ; birth_date: January 1, 1994 ;
birth_place: Skien, Norway ; nationality: Norwegian ;

Generation:
Emilie Hegh Arntzen was born on January 1, 1994 in Skien, Norway. Her mother is unknown.

Iteration 1

/
I
\
\
Retrieval:
Camilla Marie Gjersem was bomn together with a twin sister, Anne Line, on 6 January 1994 in
Henefoss, Norway. Their mother, Perlina Bangug, is a Filipina from llagan, Isabela, and their father,
I I E R Iteration 2 Petter Gjersem, a Norwegian from Raufoss. Camilla Gjersem is a law student at the University of Oslo.
Generation:
Hanne Hegh (born 19 January 1960) is a Norwegian handball player. She played 220 matches for
the Norwegian national handball team between 1978 and 1992. She is the mother of Emilie Hegh
Amtzen.

~

Retrieval:
infobox name: Hanne Hegh ; caption: Hanne Hegh 2008 ; nationality: Norwegian ; birth_date: April 27,
Iteration 3 1960 ; birth_place: Oslo, Norway ;
Generation:
Hanne Hegh was born on April 27, 1960 in Oslo, Norway. She is the mother of Emilie Hegh Amtzen,
who was born on January 1, 1994 in Skien, Norway.

!
/M ihe mperature I ncreased by a

ann’l.m!mvnhmllmnndny \ /- Stepback Question } ~ L Stepback Answer .

a factor of | 16eal gas taw: PV = nRT, whara P et prossur, V.
oo 55 (0V) < PR e princiles behind this +————| s tha volum, n Is the number of moles, R is the gas
represents the new pre: | constant, and T i the temperature.

[ ez oo

Simplying the squation, we get: 16PV =
LN —
/'lwrymg-wm\mmnpmm N\

20RT or P' = (2nRT) / (16V)

Since n, R, and V are we can

e s as. P (1) (TN Ris pesireie incroasad by a factor of 2, MJ
[ Original Gueston 3 ‘becomes 2T. If the volume s increased by a factor of 8,
Since nRTIV is the orig > wo o \ then V becomes 8V.

have: P = (1/8) " P This means the new.

| pressurs, P, of an ideal gas if
pressure s 118 of e g s X | o=

e Nemparsies e iiciessd stiuting these vakues ino the ideal gas law, we get

g s by a factor of 2 and the I P(8V) = nR{2T)
{Orginai Answer_J— | | factorof 87 ) Dividing both sides by 8V, we get:
Step-Back e | ) [
nd the voluma i inreased by a factor of , [ |
then the will decrease by a factor of \
ian i prseurs se by o factor e -

A that,sha pursued gradusts studies _ Sioghack Cuaston | [ Stopback Answar
| B.S. in Botany, Uﬂhl-!nilﬂml-l’l Madison, 1948

atthe Universdy of Callforia, Berkeley.
oarming har mastor's dogro in 1950 and her What was Estalla Loopold's

X ~|' M. in Botany, University of Calfomsa, Barkeley, 1950
PhD. In 1088, dioation hletory? | P.0-nBotany. Yaie Universy 1955

Considering this timeine, iLis highly likely

Wisconsin-Madison between August 1954
and 1954

Universay of California, Berkeloy, between | | smprmmmumn "
Rocuet 1954 o November 1058 o ——— Step 2: Reasoning
X } P = =
o |[ S| (SRS S
Estolla L the University of [y tiorirs tendio Yale Unversty between August 1954 and
L | November 1954 y
X

AR ZN R 8] &2 = i\ SF R

LN R LA

Adaptive
HLLMZISRYAIRS ZRAYBI AT

Input: Generate a summary about Joe Biden.

Joe Biden (born November 20, 1942) is the 46th president of the

i
H
+ United States. Joe Biden-atiended [mask]; re-he-earned [mask]:
' v
H Unsure...
FLARE = -
'
;
Joe Biden
At the University of Delaware in Newark, Biden ...
earned a Bachelor of Arts degree in 1965 with a
double major in history and political science.
Jiang et al. "Active Retrieval Augmented Generation™ -
Retrieval-Augmented Generation (RAG) Ours: Self i i ion (Self-RAG)
Prompt How did US states get their names? Prompt How did US states get their names? Step 1: Retrieve on demand
Step 1: Retrieve K documents. % —u got ther names from a variety of sources. | Rewe
tates, eleven are named
vidual person. Step 2: Generate segment in paraliel o o e
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