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Gartner

https://www.gartner.co.jp/ja/newsroom/press-releases/pr-20240807-future-oriented-infra-tech-hc
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« AR /

s RAGEIIDSurveyimXz O RAE
m @wX@® : Retrieval Augmented Generation (RAG) and

Beyond: A Comprehensive Survey on How to Make your LLMs
use External Data More Wisely 2024.09, Microsoft Research

m ®mX®@ : Trustworthiness in Retrieval-Augmented
Generation Systems: A Survey, 2024.09, Beijing Academy

m #@X® : Retrieval-Augmented Generation for Large
Language Models: A Survey, 2023.12, Shanghai Research

m @X@® : Retrieval-Augmented Generation for AI-Generated
Content: A Survey, 2024.02, Peking University

= Web : https://qgithub.com/langchain-ai/rag-from-scratch
m RAGEINODE#Tam Xzl L

= :wxX® : Golden-Retriever: High-Fidelity Agentic Retrieval
Augmented Generation for Industrial Knowledge Base

m @wmX® : Retrieval Augmented Generation or Long-Context
LLMs? A Comprehensive Study and Hybrid Approach
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. YIHAEHE : SAERER (RXXO)

s RAGZERHIZEOQuery DAL TCE(C, MR EE S E CRE1L.

LevelC D ERFAMTIC DOV TEIE

= Levell : Explicit Fact Queries
. H—ORFIAPMRICTFAMNUTEFE  RAGEU TOEHTiT— 4ty

= Level2 : Implicit Fact Queries MR TEE
n BEORTIXMRICHEIUTFE

m Level 3 : Interpretable Rationale Queries
»  RAEBDIRRINIEHLZIBHE T ANE

= Level4 : Hidden Rationale Queries
w  BEEARYICTFIE I B RAA > DX

Level 2:

Implicit Fact Querie:
Level 1:
Explicit Fact Queries

which are closer 1o 24,

l T
©_ mm o O o,

How to locate explicit fact? How to connect series of implicit facts? How to follow external rationale? How to discover hidden rationale?
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2-1-1. Query Examples

= Levell : Explicit Fact Queries
s B : 12024 FEFAEYIIECTHRESNEIN? ]
s Level2 : Implicit Fact Queries
s Bl TRV IARSHMUIEITBEDIRE. ZE0=(Mah ]
s Level3 : Interpretable Rationale Queries
s Bl : [RREAFEDIEIRN DD BB (FEDLICEZRTB LUNEES
NANETIN |
= Leveld4 : Hidden Rationale Queries

= {5l : 55,5, 10F2E>T24MNA > MaEK T BI(F? 24K
12N = 1
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2-1-2. Level 1 TOEZRRI

s YIFE-FI (R)

m Table-to-Text

s BEROTFAME. BN

m HHBHIAHFi
s FyUEiE1L
s TAIRRER

m Sparse #&3% : tf-idf, knn, keyword

s Dense 1&% : RINL

n TOA )\ ATy RERER
= Query Doc Alignment : J7TVEEH#X . HYDE
= Rerank : IRZEHEERDEIE (BRAK. ©Y>7197)
» BIRIRXR | BER0EREHICOEREL TIRRE
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2-1-3. Level 2 TOEZERRI

TR T ZEBOMFHEEICHBR L., BRZLEMNLERZFTIZENT D,

A VEROEMMBZLELETICEHNTHRZET,
COEBOVTICEF., eI T ), BEHDWIO T EXMEEREFI T,
EAE, AV b KR, BRI, FIRMWENG EDRMEE, "W D" P&
L&V 24 TDI T

= Interactive RAG
m J52Z>JAR—2X : ReACT. RAT (CoT). GenGround
s [BIRFrvTIBHNR—-X : ITRG., Self-RAG

m Graph/Tree RAG

= SQL RAG

Query sample

s BYIIYAZIN1000Z B X DEERELVKDOHDFIN?
» ROSARICEREIND LASDOEIR (R TIH?
s XFLEYFALDAIEEZDENIAI TIH?
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2-2. YIHERE  SAEREE (Web)

s RAGZER I SBRICTERA TS BRIz ifbzEN (CfaT (202454)5A)

RAG-ZEZ=#41il
Query Translation
(VIVZEHE)

Routing
(T=AR=Z&R)

Query Construction

(VIUEE)

Indexing

CE AL 157

Retrieval

(]R%R)

Generation
(&ER%)

BRXIMOER7I0-F

Input question
translation

Logical routing
Semantic routing
Relational DBs
Graph DBs

Vector DBs

Chunk Optimization

Multi-representation
indexing

Specialized Embeddings
Heirachical Indexing
Ranking

Refinement

Active retrieval

Active retrieval

Use generation quality to inform
qi re-writing and / or
re-retrieval of documents

Optimize chunk size Convert documents into compact Domain-specific and / or Tree of
used for embedding retrieval units (e.g., a summary) || advanced embedding models at various abstraction levels

Retrieval
......................... 3
Relational DBs GraphDBs VectorDBs ( Refinement )
& o To-s|
tion Question = . Question —> {}| | 1
Ques —>@—> &> estion @—) ! &>
' ; '
Text-to-SQL Text-to-Cypher Self-query retriever [} ]
Natural language to SQL Natural language to Cypher Auto-generate metadata ' !
and/or SQL w/ PGVector query langugage for GraphDBs filters from query : CRAG :
] 1
Que,ﬁ/ Tr‘ans'a‘tion 1 Rank or filter / compress documents based on relevance ;
' 1
i ——————————— ' '
I’ Query Decomposition Psuo‘o—docmo\ts ‘ ' [
] s = ! ' CRAG ]
Question —>@-—> /Step-back question(s) | Question 9@—; | 1 1
: "‘ : g Re-retrieve and / or retrive Frou new data sources !
] Multi-query, Step-back, RAG-Fusion HyDE ) l (e.g., web) if retrieved documents are not relevant I’
| or re-ph: the input g P ) U — <
. — e e e . . e e e e e e e e —
'
!
GuestonéO—) -3 Answer
Rou‘t]nﬁ
ical routi ie routs
s —
! (o /
o)
R p— & =
[
' \,. \ Prompt #2
[
| Let LLM choose DB based Embed question and choose
' on the question prompt based on similarity 67e_nera‘tion
P e L e G LELLEL LI LR L P
: Chunk Optimization Multi-representation indexing } ¢ Active retieval
]
]
' =] |}
1 | & @ ? | = -
| GooZ o | B sy > | o = e
L[S — ' !
g Delimiters e " 3
' == 'y Self-RAG, RRR
y Semantic Splitter Parent Document, Dense X Fine-tuning, ColBERT RAPTOR : :
' [}
1
l P {
v 9

https://qgithub.com/langchain-ai/rag-from-scratch
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3. AT Z BRI A IEMHE

= RQ : 2024F T EARF R DFATENRIEED L DICE
{ELTLBh
» HENE
Survey iwXh5Level2(CE%H 9 2im X z LGB NRBRLYYE> )
« FAEX] SR
@D : Retrieval Augmented Generation (RAG) and Beyond:

A Comprehensive Survey on How to Make your LLMs use
External Data More Wisely 2024.09, Microsoft Research

sw> @ : Trustworthiness in Retrieval-Augmented Generation
Systems: A Survey, 2024.09, Beijing Academy
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4. AETER

- Retrieval
Query Construction j—=—==m=—=———y [ e N b e e e e g
/ Ranking Refirement N
Rerational DBs GraphDBs VectorDBs I \
|
' >
= ]
-PHE [--K| - L2 B-2Y E®-F Training |
! . L= Training 1
Text-to-SQL, RESDSQ I
TAG Text-to-Cypher |Self-query retriever | /’/ 5 E@Y_, 1
Natural language to SQL Natural language to Cypher Auto generate metadata ! ° I
Ani/or SQLWS.PGVector %‘::;'g;i“g' for fitters from query |  Re-Rank, RankGPT, RAG-Fusion CRAG 1
l Rank or filter / compress documents based on relevance Al I
) Training retrieval 1
T R —— - Active retrieval 1
Query Translation N 1
1 | E == @ CRAG, RAT, ReAct, IRCot, :
: Query Decomposition Psuedo-documents I |‘ N @/ Thinion-eaph, Set k. 4
I
s P> & — 2o i 1 LD e >
I > g ¢ ] o m e m e — == — —
: Multi-query, Step-back, RAG-Fusion, RAT bide | t?gf i
< sttty 4 _—» GraphDB i
B T T T e -
1 - .5 1
? -
® Rerational DB —1 —) Answer
1
: ! Documents
Routing N @ I—E
T 1 1
1 Logical routing Semantic routing | \> Vectorstore & :
= I
— Pronmpt #1 1
! 5 = ! - 1
i @ < Embed 1 i :
I = % Pronmpt #2 I :
i <
| Let LM choose DB based e e ! 1 Generation | o o o - — -
\ on the question ik Daaad o ety v i
N o mr on o oo ow oo o o o o e - - - — - - : 7 N
\
. i I
Indexing e e e e e P e — - ! Active retrieval Ranking 1
| 1
\ = A oy
I Chunk Optimization Multi-representation indexing Specialized Embeddings Heirachical Indexing 1 Ig"’ {%—1 —@—""""' —> el :
: SPUL - Charecters @ @ s Summaries 1 : \Q/ ?_’““"'"‘_’ [Not.Noz,..]  Answer \
1
=] 5 sections ey oy "_I il 2 1
R R B |@-—E< = .
Delimiters
1 g N 'E'l 1 SR80 RRA Soit-86 :
! - s 1 ! re-writing and / or re-retrieval of Sasuier
1 Semantic Splitter Parent Document, Dense X Fine-tuning, ColBERT PARTOR 1 l '
1 Optimize chunk size used Convert documents into compact Domain-specific and / or Tree of document summarization at 1 \ /
\ for embedding Retrieval units (e.g., a summary ) Advanced embedding models. Various abstraction levels 7 ~ - = 7
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Query Transration&l(d

APISNEBRIN 2 LDEY) ([FRFETEHLIIC,
BRI ZHEISIFEDIL,

Query Translation |-~~~ —~——=—=—=—-— B

1

: Query Decomposition Psuedo-documents I
I

: 9 @_'Subﬁtap—back . @ . I__'I |
| ? L
Multi-query, Step-back, RAG-Fusion, RAT L I
l Decompose orre-pharase tha input question Hypotheticsl documents l

N S . I S S S S S S S S S S S S S S S S S . .
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4, sHERR

H RAT
® Query Translation

Zero-shot CoT Z{£->T., IR ER]Z

BN RERUA M

® Active Retrieval
HRB3IIVDENCEEFST . EITHE
BIDIRZRAER(IGU TIOIUZ/ER L.
= p e DN EI =Y duw s
https://arxiv.org/html/2403.05313v1
(20244F)

Query Translation
: Query Decomposition Psuedo-documents
| @ Sub/Step-back -y
1 ? - _)questionp(s) ? — @ — L__:
| Multi-query, Step-back, RAG-Fusion, RAT Hyde
l\ Decompose of re-pharase tha input question Hypothetical documents

m T = m—

Active retrieval

@ > @ CRAG, RAT, ReAct, IRCot,

Think-on-Graph, Self-Ask,

\ @ - KG-LLM-MDQA

\ Re-retrieve and / or retrieve from new data source(e.g., web) if retrieved
~ documents are not relevant

Step 0
Draft initial step-by-step
based on the task prompt.

A task prompt Task Prompt (1)
is given by a
human user.

How to obtain diamond
sword in Minecraft?

LLM makes L
zero-shot s

step-by-step .M
reasoning based S

on the prompt. ‘
|

This initial Initial CoTs
zero-shot CoT B-
answer may T T2 T3 T
be flawed, T rat ok o ks

s Craft diamond sword

Step 1-Step n
Retrieve relevant information and

revise

each CoT with all previous generations in context.

Step 1
Retrieve with Retrieval
the task prompt T by

o
and previous —d

generated CoTs.

LLM revises the

X N Augmented Revision
i-th steps in thought

chains (T4, Ti) 4.%.
based on the @i A
retrieved content. TS “
I
The thought chain Revised CoTs
(Tiaa, T) is replaced
T: T T

with the revised
generation Tri, T craft table from planks

Te: Craft diamond sword

Stepn

Retrieval

Augmented Revision

@f@

I

Revised CoTs

— _ _ _ JdAne_\e R

O —



https://arxiv.org/html/2403.05313v1
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Query Constraction&ld

EERGBRNSEY)CEHRZIRZR I BIed(c. BRINENS
BELSNIZI IV BRI 53

Query Construction
Rerational DBs GraphDBs VectorDBs

Text-to-SQL, RESDSQLU

,TAG Text-to-Cypher [Self-query retriever
Natural language to SQL Natural language to Cypher Auto generate metadata
And/or SQL w/ PGVector Query language for filters from query

GraphDBs
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= Query Construction P e/

4 u Eﬁﬁ'i‘ni
Rerational DBs GraphDBs VectorDBs
B RESDSQL 2 E [-B-i| -
== VA — 7'~ -to-SOL,

DBO) SChema qﬁ*&%% Y(Llﬂ\}ﬁb\ -,I:s:(t;to SRR Text-to-Cypher Self-query retriever

HEEHEICIRAUTSQLITURERRD | mrze,  [rmsmamoons | arommu

rap s

A
https://arxiv.org/abs/2302.05965 (2023£F)

mTAG
BREINSSQLZAERL. SQLEITEZDTable 11z LLMTHI#
MRZRFEERZDocument Tlda{Tablek U TALIE
https://arxiv.org/abs/2408.14717v1 (2024%F)



https://arxiv.org/abs/2302.05965
https://arxiv.org/abs/2408.14717v1
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Active Retrieval &l

Retrieval DZiliD— DT, EBERREREINS. T -IZIERL.
BUSUIS ENBETI TRVMGE . ROERICHERInputz
15T, SHRBZERZIZF

Retrieval
___________________ -
b
/ Ranking Refirement \
/
I \
| > '
iy - |
I Y | % N Training
. ? — &5 ! - |
O = | Training I
| y .2'@ I 3
_’ - —
I ? - = I
I
I Re-Rank, RankGPT, RAG-Fusion CRAG I
I Rank or filter / compress documents based on relevance REFLUG I
Training retrievsl
I “-II.IIIIII_ IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII - e I
o Active retrieval . |
N
Ie . I
[} a |
I = CRAG, RAT, ReAct, IRCot, : I
I . R\ Think-on-Graph, Self-Ask, -
it @/ KG-LLM-MDGA . |
o /
\‘ Re-retrieve and / orretrieve from new deta source(e.g., web) if retrieved : /
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e
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\ Re-retrieve and / or retrieve from new data source(e.g., web) if retrieved

B ReACT
ROBREDIITH O
BIDIRZRAGE RN S5RAHEN DA E (Observation)ZLLMICHHH S E .
IRICHEBRNBZLLMICE X & (Thought). RDIRZRZZEIT(Act)
® =iX[O|ZE
BRI BB RZLLMDERR U ERIRT (e, o e

program it was originally designed to interact with.

7_ iE ( %&@ tl ||. | 5jj Act 1: Search[Apple Remote]
l ) Ig—— 2 1 X .
« 7w_ (_ Obs 1: The Apple Remote is a remote coxfn:rol introduced in

Occober 2005 by Apple .. originally designed to control the
Front Row media center program ...

https://arxiv.org/abs/2210.03629 (20225F)| mun 2: sesie wenote was erisinaiiy desianes wo concees

the Front Row media center program. I need to search Front
ROW next and find what other device can control it.
Act 2: Search[Front Row]

Active retrieval

@ E @ CRAG, RAT, ReAct, IRCot,

Think-on-Graph, Self-Ask,
KG-LLM-MDQA

-

Obs 2: Could not find [Front Row]. Similar: ['Front Row
Seat to Earth', 'Front Row Motorsports',' EEORESROW
(software) TR |

Thought 3: Front Row is not found. I need to search EXongl
Row (software) )
Act 3: Search(Eront Row (software) ]
Obs 3: Front Row is a discontinued media center software ..

Thought 4: Front Rou (aoftware) is controlled by an Apple
Renote oz 'the keyboard function keys. | So the answer is
keyboard function keys.

Act 4: Finish[keyboard function keys ) \/
3 J



https://arxiv.org/abs/2210.03629
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4. REFER
Ny e

® |[RCoT L
® XNDERINDIITH o
HIOMRZRIGERZFAVWCHE DERZRAVT., ROIRZERZENE
® SiR[EIE
BRI 2EFZZLLMAER U EHIRT LTS S (CERARMIZFzEL THD
https://arxiv.org/abs/2212.10509(20225F)

l@ Who wrote the 1970 international hit song that Murray Head is most recognized for? I

RS Ep
S Za
9, RN

Active retrieval

@ > @ CRAG, RAT, ReAct, IRCot,

Think-on-Graph, Self-Ask,

Retrieve( :i-q:' )

O_. IRCoT Retrieve (Q) — [E la) —> Q R

- @ Interleaved Retrieval guided > —

~ ©o by Chain-of-Thought Reasoning E
T1 . Reason (. 2, @ )

The 1970 international hit song that Reasnn(@, : @J

Murray Head is most recognized for
is "Super Star" Retrieve (T1) — Wikipedia Title: Mack Rides
> Mack Rides GmbH & Co KG, also ...

Q: In what country was

Lost Gravity manufactured?

A The Lost Gravity was manufactured by Mack
Rides. Mack Rides is a company from
Germany. The answer is Germany.

T2 « Reason (Q, [E+[E), T1)

"Super Star" was written by

Andrew Lloyd Webber and Tim Rice. Retrieve (T2) — @

ﬁﬁkipaﬂia Title: Murray Head

Murray Seafield St George Head .. }

Wikipedia Title: Most Beautifullest Hits

T3 « Reason (@, B+ B+[E, T1+72)

© ©

So the answer is:

Andrew Lioyd Webber and Tim Rice. The Most Beautifullest Hits is
Stop Q: Who wrote the 1970 international hit .. @
A: The 1870 international hit song that
+ Murray Head ks most recognized for
Is "Super Star". "Super Star” was written

+ + by. Andrew Lioyd Webber and Tim Rice.



https://arxiv.org/abs/2212.10509
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4, sHERR

Active retrieval

@ E @ CRAG, RAT, ReAct, IRCot,

Think-on-Graph, Self-Ask,

\ @ _— KG-LLM-MDQA
. Th I n k - O n - G r ap h \ Re-retrieve and / or retrieve from new data source(e.g., web) if retrieved
\ ) — ~ documents are not relevant
® XDEDIITH S e e D e e mm -

Knowledge Graph®iZ#eh'SEXFERI (TR \NodeZ R ZR

® EiR[OE

BRICXIIERAZLLMAER UL EHITUI G E(CRIREIELLTH D

® LLMOA:HEDFIA

BRXRZUIFER . s OIE &Knowledge Graphh‘B%bﬂEb\iﬁ.:.\

LLMO);DE&(%%EL/T@I:I i jority party now in the co

https://arxiv.org/abs/2307.07697
(20234F)



https://arxiv.org/abs/2307.07697
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e
—)
4 n ﬂﬁ Eli‘l:l %
\ Re-retrieve and / or retrieve from new data source(e.g., web) if retrieved

B Self-Ask '
ROBERIDIITH o
LLMTFollow UpDE Rz &Rk, [BI&E(CwEERDENFiRZHHT
® mHiX[O|E
BRI RERZLLMAER UL HIMTUTEIZ S (ICRZREIZ L TH D

https://arxiv.org/abs/2210.03350 (2022£F)  Self-Ask

Question: Who lived longer, Theodor Haecker or Harry Vaughan
Watkins?

Are follow up questions needed here: Yes.

Follow up: How old was Theodor Haecker when he died?
Intermediate answer: Theodor Haecker was 65 years old when he
died.

Follow up: How old was Harry Vaughan Watkins when he died?
Intermediate answer: Harry Vaughan Watkins was 69 years old when
he died.

So the final answer is: Harry Vaughan Watkins

Active retrieval

@ E @ CRAG, RAT, ReAct, IRCot,

Think-on-Graph, Self-Ask,
KG-LLM-MDQA

Question: Who was president of the U.S. when superconductivity
was discovered?

Are follow up questions needed here: Yes.

Follow up: When was superconductivity discovered?
Intermediate answer: Superconductivity was discovered in 1911.
Follow up: Whao was president of the U.S. in 19117

Intermediate answer: William Howard Taft.

So the final answer is: William Howard Tatt.



https://arxiv.org/abs/2210.03350
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Think-on-Graph, Self-Ask,

4. SHERR
_~ KG-LLM-MDQA

. K G L L M M D Q‘ \ \ Re-retrieve and / or retrieve from new data source(e.g., web) if retrieved

documents are not relevant

® ROEBRIDIITH N e e e e e e e e -
QuestionM'SLLMICHE RSB TFERE . Knowledge Graph®|E3z LEE.
LDFEBUEDFR UV — RS, IROIRZRZHZRE S Do

® R[0IE
JIIDEEBENRNGE . BRARNREIEZH TS,

® LLMDRzE
RROF = RDDIZSHICFI A
https://arxiv.org/abs/2308.11730 (2023£F)

Structure-based Question Content-based Question e ion Fine-tuning

Instruction: What evidence do we need to
answer the question given the current evidence?

Active retrieval

@ > @ CRAG, RAT, ReAct, IRCot,

Input: Which magazine was started first Arthur's

(o | Magazine or First for Women? Arthurs Magazine

;\p&" (1844-1846) was an American literary periodical
published in Philadelphia in the 19th century.

Q: In what year was creator of the current arrangement
of Simpson's Theme born?

!
S,: Current arrangement by AIf Clausen was introduced | Reson Output: First for Women is a woman's magazine
ar the beginning of seasond —_— R published by Baver Media Group in the USA. The
‘magazine was staried in 1989,

§, : Cumrent amangement | §;: Clausen moved 1o Los R .

by AIf Clausen was | Angeles, California in 1967 SRR AV R BT B (BT L (e | & Generate

P o S (born March 28, 1941) is | Angeles , Califomia in 1967

T ||B e & drin an  American  fil search of television | g% | 53¢ AIFf Clausen (born April 16, 1941) is an American composer of
ason work. — d television scores. He is best known for his work on "The



https://arxiv.org/abs/2308.11730
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NEINEE “)D

Training&ld

LLMD/NSX—FREEREZ LT ﬂ*ﬂa“mt“(im RXRID
RetrieverB& & N —Z>7 9 37F;

Retrieval
———————————————————
-
4 . - Y
p Ranking Refirement \
I \
: - JETITCPITTEPPITEOPITE . |
- -El . - L
[ @ . Training
? H-9 = - : 2l
I = U [ ]
] —I m l=ining - I
|}
! ~ : 'ﬁ' =
I ' — ==l =
o ] I
| .
I Re-Rank, RankGFPT, RAG-Fusion CRAG : I
: REPLUG [ ] I
I Rankor filter / compress documents based on relevance -
Trzi trigvl "1
I . : .
I Active retrieval ® o al
|
| a @ CRAG, RAT, ReAct, IRCot, [
I R\ Think-on-Graph, Self-Ask,
i @ / KG-LLM-MDQA |
\ . . o /
Re-retrieve and / orretrieve from new data source(e.g., web) if retrieved
b Y documents are not relevant /
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4. AERR

m REPLUG

E@Y—» :

e FHE (K1) e
LMODEIEZNIE LR DL D(CRetrieverB Az F S —
® O&E5E (X2)
REDN = TEHLMOEADFERMERDSLL, BIEFZEZELTH T
https://arxiv.org/abs/2301.12652 (2023%F)

X1 : FEHE .2 [OIETSE
1. Computing Retriever Likelihood Pg(d;|x) :

-V 30 - .
.""-7'-' 0
& d1 d2 d3 d4 Retriever

I0ODSs cotoun \
e in his ar
PRl arents' garage i I Bt
Retri 4, (r— Steve Jobs Jobs cofounded 3. KL Divergence Input SteveJobs [obs iz the < apple NN |2PPl®
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Self-RAG, RRR Self-RAG
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Ours: Self-reflective Retrieval-Augmented Generation (Self-RAG)

Prompt How did US states get their names? Step 1: Retrieve on demand
% —> US states got their names from a variety of sources. Q
Step 2: Generate segment in parallel o o o
Prompt + @) Prompt + @) Prompt + ©

& 3 2

11 of 50 state names l :: | Texas is named -m California's name has its
come from persons. Gt N Arneiiian fatse: origins in a 16th—cemg’ry novel
Las Sergas de Esplandian.
Step 3: Critique outputs and select best segment

Y j>or::|::|>o:1

L—"’] US states got their names from a variety of sources. 11 of 50
—> | Retr —
@ Repeat.. states names are come from persons. 26 states are named

after Native Americans, including Utah.
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