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(a) LIM Direct Generation

Question e ™
Documents [ [ Gold price is at $162681 per J %
What is the gold [T — — ounce today Oct 21 2022,
R | relevant — (b) RAG: Retrieved-Augmented
APl knowledge Generation with LLM
;"k;.g;,ﬁgaéé“%g ( Gold price is at $2020.8 per
\[_____G__r_a_p_h ______________ ) L ounce today Jan 28 2024. \/
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(a) A simplified Circuits (b) Some Special Component’s output

Residual Output: French Attention Pattern Output logits Attention Pattern Output logits
\ \ 0,7*(.,/6'79 /(} N 007 /? Og‘/ Ffa
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Knowledge Circuits in Pretrained Transformers
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User

Output

<start>
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=T

...l am unable to provide comments on
future events. Currently, | do not have
any information regarding the dismissal
and rehiring of OpenAl's CEO ...

...... This suggests significant internal
disagreements within OpenAl regarding
the company's future direction and
strategic decisions. All of these twists
and turns reflect power struggles and
corporate governance issues within
OpenAl...

ORI

[3°4%8

How do you evaluate the fact
that OpenAl's CEO, Sam Altman,
went through a sudden dismissal
by the board in just three days,
and then was rehired by the
company, resembling a real-life
version of "Game of Thrones" in
terms of power dynamics?

Question :
How do you evaluate the fact that the
OpenAls CEQ, ... ... dynamics?

Please answer the above questions
based on the following information :
Chunk 1:
Chunk 2 :
Chunk 3:

Combine Context
and Prompts

<end>
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Indexing

Documents
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RAG TN KEEFHIEER
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Retrieval j(\E_‘_*E BETIX u:b{n'w
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BEE, BITIENINERRNR
E, WREGE %ﬁd@—/\

=Fiu

MESSEIIZREA

: " RAG JLH Eﬁﬁ?ﬂ] REREERY

Chunk 1: "Sam Altman Returns to
OpenAl as CEO, Silicon Valley Drama
Resembles the 'Zhen Huan' Comedy"

155,

Chunk 2: "The Drama Concludes? Sam
Altman to Return as CEO of OpenAl,
Board to Undergo Restructuring"

Chunk 3: "The Personnel Turmoil at
OpenAl Comes to an End: Who Won
and Who Lost?"
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f | i
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Low High
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Naive RAG

£ ) - B
¢ B & = <>
URLs PDFs Database |:> I:‘,> V
Documents Document Chunks Vector Database
Zo|  m. 9. BRME, WEMRES . / \ /
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A0  REIEEEEETEER, }RELTY { R Q }{ j

User Query Related Document Chunks
¢ J )
A 518 AN = L= 2
ARk ZENBERNRER, ERTREER
LLM
Augmented Prompt
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User Query Documents

Pre—Retrieval
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Query
v
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Advanced RAG
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Partl:B%#cZ 0|

. [0.3,0.4,0.1,1.8,1.1...]
e B [07,1.4,2.1,4.8,4.1..]

[1.2,0.3,1.2,4.1,1.8..]
\4

[0.3,0.4,0.1,1.8,1.1..]]

[071.4,21,4.8,4.1..]

@ [1.2,0.3,1.2,4.1,1.8..]
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HIREEREE
schema, fanZ:k.
FEE. FH. K
B I e St

EENE S

RIBEIITHIRER
AN, ARE
IEIE SRR

pury

EETERER

R mE, B
agit. HEtE.
SLUREAFIRS IS HE
i

AR RGE

EERALIEHZIR
RFER. BATTIR.
LR, RERECTE

=10
Indicator
A

RERT

subordinate of

A
Person

paz:)
use ®Ba

Table 6: Experimental results on WN18RR with different
embedding dimensions and training batch sizes.

Article

m batch size | MR| | MRRT | Hit@17 | Hit@37 | Hit@107

- d=100

b I 64 138 | 0.319 | 0.224 0.350 0.500

elong o R T\ sence 128 158 | 0.378 | 0.281 0.411 0.570

B 256 117 | 0.423 | 0.308 0.481 0.637
il d=500

" 64 151 | 0.313 | 0.207 0.353 0.518

128 145 | 0.403 | 0.304 0.452 0.588

256 123 | 0452 | 0.351 0.501 0.650

BRF
belong to
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FARSIAERE

import layoutparser as 1p

Nat __=En 4=
RBHR—FR. 175 image = cv2.imread(...)
EHIAREE & schema, ARYIED model = 1lp.Detectron2LayoutModel('lp://PrimaLayout/mask_rcnn_R_50_FPN_3x/config')
layout = model.detect(image)
BESRIERIE SR |
= = Bt ;

EREEEN. .
RBESER xE. BhR. 21
BiE. NETHE

bal  [Ww

) VW
Million g © % L

e
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. e Paper with Complex Layouts i i Historical Documents
RIEMBIE XK P P Y Magazine Scans & Websites
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<some
format>

DocumentConverter

StandardPdfPipeline

PDFDocumentBackend PdfPipelineOptions

SimplePipeline

MsWordDocumentBackend PipelineOptions

_/ﬁ—/ — A

ConversionResult

Docling

Document

— .export_to_markdown()
— .export_to_dict()

—> .export_to_document_tokens()

HybridChunker

HierarchicalChunker

BaseChunker
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TARBW
PyMuPDF4LLM
TextLoader
DirectoryLoader
Unstructured
FireCrawlLoader
LlamaParse
Docling
Marker

MinerU

1
PDF->Markdown#%#, OCR+&RA&IR7!
B SCA S AN
fit 8 B R
SR AL R
P DT FHMEX
A PDF MR
IR Bl 2R R AT
PDF->Markdown, GPUJI&E

SRR AR

ERR
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ARG IR
BEBIVXAEE
PDF, Word, HTMLZ%
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iz EA=1CIR
= A= R
RIBA SR |
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FARIEX

WSS

B TaH7TRRET
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OCR

PP-OCRV5: F54X/Handwritten Chinese
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Table Detection Table Structure Recognition Table Functional Analysis
Table Column
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Meta Datafric

TABLE I: Example of HDX Metadata.

Item Content

Data name Daily Summaries of Precipitation Indicators for Canada
This dataset contains the daily summaries on base stations across Canada. The four indicators
included are: TPCP: Total precipitation MXSD: Maximum snow depth TSNW: Total snow fall
EMXP: Extreme maximum daily precipitation Indicators are compiled by the National Centers for

Data Environmental Information (NCEI), which is administrated by National oceanic and Atmospheric

summary Administration (NoAA) an organization part of the United States government. NoAA has access
to data collected from thousands of base stations around the world, which collect data periodi-
cally on weather and climate conditions. This dataset contains the latest 5 years of available
data.

Variables 'indicator’, 'value', 'station’, 'fl_cmiss’, 'date’, 'fl_miss’, 'datatype’, 'country’

Tags 'el nino’, 'rainfall - precipitation’ ‘weather and climate’

<R CRLEE T VS

University of Chinese Academy of Sciences

Metadata EXERNESZ
SMUHEAER, TR
ICRIR. BJiE. {E&.
B, 8. NPRFOM

Fhrgs

£ RAG 1, metadata
AL RFHITIEER
e, SRR, KRR
5|/, NREEHIFOMRZS
Eix, MMEAAEE
WS EAEE.
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LLM_E"F3ZBRH

BRIFIR APl AR ETIE—HEBA

Grok 4.1 Fast: 2M; GPT-5.5/
GPT-5.4, Claude Opus 4.7 /
Sonnet 4.6, Gemini 3.1 Pro /2.5
Pro / 2.5 Flash, Amazon Nova
Premier: £ 1M,
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WEARE 262K, ¥ EE 1M;
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xEchunk

t things I didn’t underst_ was a child is the degre@ o which the returns for

Teachers and coachgs'implicitly told us the returns were linear. Yo
They meant well, blit this'is'rarely true. If your product is only

many customers. You get no customers, and you go out of business.

1t’ SiGbvicusIyItrueNthatithe returns for performance are superlinear in busineSSi'Some think this'is'alflaw of capitalism, and

) being true. But superlinear returfis for performance are a feature of the world, notll

wawxe pattern in fame, powe_owledge. and even benefitll
ese, [1]

You can’t understand the world without understanding the concept of

definitely should, because!this will be the wave you surf on.

ith superlinear returns, but as'far'as I'can tell they reduce to

It may seem a

two fen

The most obvious case of superlinear returns is when you re working on somethin
growing bacterial cultures. When they grow at all, they grow exponentially. But they

outcome between someone who''s'adept at it and someone who s not is very greatdl

¥, and we see the same pattern ther@. Some manage to achieve high growth rates. Most domitall
Mrem outcomes: the companies with high growth rates tend to become immensel¥l
valuable, while the ones with lower growth rates

may not even survive.

Y/ Combinator encourages founders to focus on growtlmem from being discouraged!
early on, when the absolute numbers are still lo jou can use growth rate as a
compass to tell you how to evolve the company. Bu t by I th rate you tend to get
Some—laHY-

YC doesn’ t explnmout what you put in,” but/iE"Sinot far from the ruth. And
if growth rate w

(R Vg

University of Chinese Academy of Sciences
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TIRKIE-EEXN /N

Artificial intelligence is transforming technology and shaping the future.

Chunk 1 Overlap

Chunk 2
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4 N
segment | — Initial first chunk k :
eep adding new
Document _dogunlerf | —_—_-p | | = - segments until cosine
X (sentences or | =~ ~ P similarity drops drastically
2) Semantic paragraghs) | —— ¢ .
chunking : !
e ! \
RN S —— SRR | Final
_ Final chunks o _ - - e Il
_ initial second chunk chunk B

Artificial intelligence is transforming industries by automating

processes, enhancing decision-making, and providing insights through
data analysis. Machine learning, a subset of AI, enables systems to learn
and improve from experience without explicit programming. Deep learning,
a branch of machine learning, uses neural networks with multiple layers
to model complex patterns in data.
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segment - select a
document —_— segment
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Gl iVl pa)

Paragraph 1

Artificial intelligence is transforming industries by automating
processes, enhancing decision-making, and providing insights through
data analysis. Machine learning, a subset of AI, enables systems to learn
and improve from experience without explicit programming. Deep learning,
a branch of machine learning, uses neural networks with multiple layers
to model complex patterns in data.

Paragraph 2

AI is also improving natural language processing, enabling applications
like chatbots and virtual assistants.
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[ 2
Document
: chunk using chunk 1 chunk 2 chunk 3
4) Document - BN 1 inherent (Tntroduction| [ Section #1 )
Structu re_ Introduction structure / C
b ose d [ Section #1 J ----- > chunk 4 chunk 5
chunkina (Sec‘tion #2 ] [Sec‘tion #2 ] |: Conclusion ]
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ARSI

Title: The Role of Artificial Intelligence in Modern Education Chunk 1

Introduction

Artificial intelligence (AI) is reshaping education by providing Chunk 2

personalized learning experiences and automating administrative tasks.

Section 1: Personalized Learning

AI enables the customization of educational content to meet individual Chunk 3

student needs, enhancing engagement and comprehension.

Section 2: Administrative Automation

Chunk 4
From grading to scheduling, AI tools are streamlining administrative
processes, allowing educators to focus more on teaching.
Conclusion

Chunk 5

The integration of AI in education holds the promise of more efficient
learning environments and improved student outcomes.
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BERT Embedding Layer
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Visualization of the embeddings obtained for

the word "Bank" in different contexts
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e Arrangment of Objects
» A Flight Maneuver

=

ban
=R ) ERX )

| n. B

the Bank of England/China A& / PEIRTT
B.. BB
E &b s

=

ban

e BRI

E@ P y Dict

The word 'bank'
when used in
water sense

: The word 'bank'
0 when used in
Pinomcial sense

-15
-20 -10 o 20
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Embedding-7E[@]ll

K

dense score inter score

L )
dense multi-vec

. . . . . . ..........
T T "'\:::::7‘” “‘\/
M3 M3 M3 M3

Query Answer Query Answer
l, _____________________________________________ \I !’ _____________________________________________ \I
1 1 1 1
! . || 1.2 Billion multilingual ' ' . . =)|| + Labled data (EN, ZH, Mul) |
| Pre-Training H unsupervised data l.:>. Fine-Tuning H . Synthetic data (Long) i
1 1 1 1

____________________________________________________________________________________________



68 YT RRT

C g University of Chinese Academy of Sciences

Embedding- 28735

Emb
*
4 B
LLM
Projection
MLLM Vision Encoder y
f f f

Instruction  Single-modal/ Multimodal Input eos

Textual Input  Visual Input Fused-Modal Input

P/ M / ::: 2

i
\
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Embedding model |

ZRoRbs

XJEFS

puNENg, anuENg,
«* ., * “,

S * - *
* 4 H H

Metric Learning Negative m

L, . ] - A _ . 3 Negative

A g A % Anchor

Positive Positive

] - - .
"Tapgunrt "Tapgunrt

L] .
.... -“

Original feature space New feature space
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MTEB (Massive Text Embedding Benchmark

Rank (Bor..

1

10

Model

gemini-embedding-001
Qwen3-Embedding-8B

Qwen3-Embedding-4B

Qwen3-Embedding-0.68B
Ling-Embed-Mistral

gte-Qwen2-7B-instruct

multilingual-e5-large-

instruct

SFR-Embedding-Mistral

text-multilingual -

embedding-002

GritlM-7B

Memory U..

Unknown

28866

15341

2272

13563

29040

1068

13563

Unknown

13813

Number of P..

Unknown

7B

4B

595M

7B

7B

560M

7B

Unknown

7B

Embedding D..

3072

4096

2560

1024

4096

3584

1024

4096

768

4096

Max Tokens Mean (T.. Mean (TaskT.. Bitext .. Classification
2048
32768
32768
32768
32768

32768

514

32768

2048

4096

) PR TRXT

University of Chinese Academy of Sciences
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YT RAG NFH, FEERXKTREE Retrieval (1F) 55 THIHFA.

YT RAG A, REERIFIRSEERERINES

BRI, EEERRYy, EXRG (BF) NEXENG, HEEEEE

R K IERAEMBAI AR EIR, B EIANIRIT
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O EEBE-IRAQEEE

O 1 2a 3
Chunk O
Ewmbedding space
Cl’\UV\k 1 r O 5 O \
@) ® '®) O
Chunk O O
> © o o ©
Chunk 3 OO o O o
0 o o0 o
Chunk 4 \° © 0 o ?
/\
Chunk 5 Embeo(ohv\g of _J




S EIBE- R

WE [ AR EE

ZIDEIEXRE  S4mE (Embeddings)

HiEAN EIEIRER (ANN)

5| AL HNSW, IVF, LSH % ANN %3]
FENAGR ANA. RAG. #EFRS. BIRAESEIR5!
ERE BRI RkmE

HERERT = BB RMERS, TERER
—HiE BEANREZ Y

»f(i] ﬁl’/? ’lsﬁ)&/?

rsity of Chinese Academy of Sciei

RRENHERE (RDBMS)

ELEIRE R, 5. BHEA)

YatRICED

B-Tree, Hash Index

AISSZ % (ERP, CRM), E£/IR 5. BERE
BEETHEMCRITEE, BEANKFERDESR
ZMHSIEERR, SHIUEEWMEESEER TRE
58— (ACID B£3)
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SEEIRE

Rust/ C# code

Python code

g;r;::?(atests Rust wrapper tests / benchs
C# wrapper,... T
| < C 25 github.com/milvus-io/milvus
| |
FaISS Adaptor layer Python contrib library
__init__.py, class_enhancement.py (contrib.datasets, etc.) . X A .
A = milvus-io / milvus
SWIG wrapper (Python)
C wrapper swigfaiss.swig — swigfaiss.py
l_f <> Code (©) Issues 676 £ Pull requests 2m &> Agents U3 Disc
GPU index implementations Index implementations L.l cppcontrib library
GpuIndexIVFPQ, ... IndexIVFPQ, IndexFlat, etc. (SADecodeKernels...) Of milvus Public
Utilities and primitives
C++/cuda Heap, ProductQuantizer, Clustering ...

. BLAS library Numpy library
CIURIA Moy ‘ ‘ (MKL, openblas) ‘




88 TR 7Ry

University of Chinese Academy of Sciences




6B TR FRRT

University of Chinese Academy of Sciences

TARHR

User f \ O 1 2 3
Embeouing

- LUSER QUERY> = —
\ Ewmbeddin <
el J Query embedding
Vector Database \
Index Embedding | Text Chunk | Metadata S* *l
Embedding space walar
S (O . O o o O\ chunks
earch
space OOOO F[ ][ )[J
\/ 255
Q o) o
\Co°"° 0o ° ")

O Query Vector
O Similar vectors
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AFE# (Query)

y

HHIEE (Sparse)
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Ill

BM25&%

FZEILFE (Dense)

v

mEER N\ (Embeddings)

EESEFE (Hybrid)

ESngE it BIHRS|

RRFEESEE

Transformer FAISSZF S|

Y

WEEE EHF

RERER

355 FEMBILED
HERZE: 0.75-0.85
R <10ms

v

BERORER
155 BXIERR

AEEE: 0.75-0.90
#EEE: 50-100ms

v

:

EERRER
55 250%
F143%%: 0.80-0.90
i E: 100-200ms

RAGERRES (LLM)

v

ERRESE (Answer)
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MImER-BM25

BM25
Dty | S

) 1

sScore (q,d) = — 2
tf - (ki+1) NP

tf+ k1(‘]-b +_bldl
avqd| Term A
Frequency

score(q)=) IDF (term) JInverse
ocumen
Frequency




68 YT RRT

g University of Chinese Academy of Sciences

BERN R O BIUERE

Promp‘t

vector

Promp‘t

Te_“ me. my sracde
sales in the >
las‘t 10 dou/s

fetch nearest
nejghl:or

sales of ... find nearest .

nejghloor text vector
The bum this <+ o S wet | database of
month was ... unseen data

s ‘® o> ¢ o— 0%
= o " A
k J K A% s 0 J
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BLEES

Euclidean Cosine Hamming
. Al1]lol1]1]|o|0
} !
\ ® B1]1[1]o]o]o RIAEHAE
&
RARFRE
Manhattan Minkowski Chebyshev
'T ® AIREEES
& & PItL R EEES
Jaccard Haversine Serensen-Dice _
Interaec e _/:\ Frersection
®
— . i
“ e A
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B [—{}

Hybrid Retrieve & reranking

Vector store of
document chunks

Top k relevant chunks

®

v
BM25 retrieval Top k relevant chunks @

=l




A R Y

University of Chinese Academy of Sciences

EoMR-FIEHFZRISRRE

RRFESHZRIZE

[ o ] AT EIIT S
i :

s N ' N
HERie®E (BM25) BEIRFE (Vector)
X [EE, KE, AR [A8: [0.23,0.54, -0.12, ..] — /\§ =1=PA=P4 \}1 Fg
s s ARG EREESE D
4 3\ 4
W EHR BEEFHR
Rank 1: Doc A (BM25=12.5) Rank 1: Doc C (Score=0.92)
Rank 2: Doc D (BM25=10.3) Rank 2: Doc A (Score=0.88)
Rank 3: Doc B (BM25=8.7) Rank 3: Doc E (Score=0.85)

‘ ' ’ ‘ “ : HRIESASHFE I
V

RRFE&ITE
score_RRF(doc) = Z 1/(k + rank_i)
k=60 (FB&¥)

rank_i = ;?%E%;t%ié%&%ii% /géuj$$ﬁ1ugﬁ%é§jﬂ F}_‘%

|
RESETETH
Doc A: 1/(60+1) + 1/(60+2) = 0.0164 + 0.0161 = 0.0325
Doc C: 0 + 1/(60+1) = 0.0164
Doc D: 1/(60+2) + 0 = 0.0161

( #4#Hi%: DocA— DocD —DocC — ... )
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M ZRI8oR-Rerank

All documents

Query:

\/\N\f’ /"J\' J\/\‘V'A' ,p top_k = 25 —» Vector
° DB

topn =3

[}
}
These are wmost | 2 e
relevant records | eranker e




MiZ=1»oR-Rerank

IATFR—INEFIR, SN NEEE— M RSNEE, [
AR — A, BIRIERRR, EARRMEIRFSIHEIASS
FEERIINERS, FEEEREDE (1-107) . B
AERZSERTKAIIAE,

ANLIEEE
A5 1 <3S 1HYREE>
A 2: <3THE2HYfREE>

STRY 10: <STRY10HIIEE>
[B)RK: <FHPRYEIRE>
[E]2

Doc: 9, Relevance: 7

Doc: 3, Relevance: 4
Doc: 7, Relevance: 3
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KZR18oR-Cross Encoder

Cross-Encoder Rerank Sequence Diagram

Search System

— — — —Submit Query — — —>

Cross-Encoder
Model

Initial Retrieval (e.g.,
top 50 docs)

Process each

| ERIRIT

document

oo ooq Query + Doc 1= = = =>

1

: <~ — — Relevance Score 1 = — = =

1

1

1
————— Query + Doc 2— — — —>»
<(— — — Relevance Score 2 = — — —
— — — = —Query + Doc N— — — =>
<~ — — Relevance Score N— — — —

_ Return Re-Ranked _ _ _
Results

Search System

-

Cross-Encoder

Model

@ https://github.com/datawhalechina/all-in-rag
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FiHEH)

SERE  F (RHE)  BA/ENE SF4% (Query-Doc Pair)
2z 4t

EEpE  CEAHE  aesgmmes Top-K
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U REAME- K4

RECOMP during inference

--------
---------------------------------------------------
--------
-
-

Input query x y -—2010 X
e ™ Retrieved documents D RALM (749 tokens) Blackbox
when did they | s LMM 2015
stop making the moved from Smyrna, Tennessee, e
- nissan xterra? | toNissan's facility in Canton, _ e S, 2015
\_ _/  Mississippi. Early US models The N'SS?" Xterra is a
include X, S and PRO-4X, witha ==--- » Compressor " -’front-engine, 2-wheel or 4- RECOMP
choice of 6-speed manual... | wheel drive, five-door ... (58 tokens)

Summary

Retrieve Compress Prepend
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] .
. ) Retrieval X: Who was the screenwriter for Death of a Batman? i W n l
Q: What is Henry Q: Who was the screenwriter !

Feilden's occupation? for Death of a Batman?

@ @ Retrieval (“Ask: If retrieved Knowledge Refinement
Evaluator documents are

O [stip, ]
Retriever -

Accurate Documents Inaccurate Documents

,‘ ‘ Knowledge

Correction
Henry Feilden Batman (1989 film):

(Conservative politician): of the murder of Bruce
Henry Master Feilden Wayne's parents. When
was an Conservative Hamm's script was
Party politician... rewritten, ...

Generator Generator

Generation

Generator
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K SMBBRIR R

/Gr'athAG

e

-

N

" Vector Search
*ﬁﬁﬁﬂe % - T— -

|
| Index

similarit

~

BRI/ AR

J

-— —_-_ — — = — = = = —

Embedding
model

Graph
Generator

Extraction

|
|
|
I
|
|
|
[
I
|
|
I
\

Graph
Database

R ER

/

6raph Traversal

@ https://github.com/datawhalechina/all

\

-in-rag

author: dalvqy
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Graph RAG vs RAG

RAG Pipeline
S D —
Indexing R > % =
% @ Q= \E
Vector Retriever Retrieved
Database Chunks
“ r “
_ Chunklng = 5.0 =
L . =388~ @] = & =
| Corpus Chunks, . Query Prompt LLMs Answer )
®-°. g Indexi :
Graph Building e . & I:
©
Knowledge Graph Graph Retrieved
Graph Database Retriever ~ Subgraph

GraphRAG Pipeline
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Graph RAG pipeline

Input Query
How did the artistic movements of the 19th century impact the development of modern art in the 20th century?

U U

G-Retrieval Retrieval Graph Format G-Generation Output

Results Response
5 = %2

Adjacency/Edge Table o : oc S

> Nodes _ — EriGenerath)n Generator —» £ S
= nhancements <

£ = 358

14 Natural Language R~ g

Triplets __ S g IS

Query Knowledge </> § Q §

Enhancements Enhancements " _ _ oF T

LJ‘) Code-Like Forms Mid-Generation 282

ﬁ Path = Generator — » o O S

aths Enhancements QS '8
. T O

Graph Database & G-Indexing Syntax Tree oS 3
ke,

o= SSE

= - Subgraphs g =

W = e sienes Post-Generation S8 ¢

- 8558 Enhancements SIHTEELT Ry gl E

Open Knowledge Self-Constructed et S99

Graphs Graph Data Hybrid Graph Embedding S23
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G-Indexing (FR5|HE)

§ 5.2 Indexing

* Graph Indexing
8§ 5.1 Graph Data « Text Indexing

« Self-constructed Knowledge Graphs * Vector Indexing
* Hybrid Indexing -

Data Source : « Open Knowledge Graphs _—
cmy (D > Sl

: DB H :  General Knowledge Graphs Graph
W|k|ped|a Text Corpus Tables « Domain Knowledge Graphs Database

---------------------------------------
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G-Indexing (Graph Indexing)

[ Source Documents } [ Global Answer ]
text extraction query-focused
and chunking summarization

[ Text Chunks } { Community Answers ]
domain-tailored query-focused
summarization summarization

[ Entities & Relationships } [ Community Summaries ]
domain-tailored domain-tailored
summarization community summarization

[ Knowledge Graph } detection

>[ Graph Communities ]

[ Indexing Time } Pipeline Stage { Query Time J




Language model reasoning

Score S <

Linearization hair brush - AtLocation - hair Templates

—

round brush - UsedFor - painting

YA TRRT

University of Chinese Academy of Sciences

hair brush is at location of hair

round brush is used for painting

Passages from BM25

Passage 1 Passage N

Passage 1
Reranking
+ Passages from DPR

Passage 1 .« | Passage N

Passage K
Concat 4
G Concat Q: If it is not used for hair, a round brush
is an example of what? art supplies

Indexing

Retrieval

<:| [Hybrid Retriever]

Encoding




&R Yadts Rz

g University of Chinese Academy of Sciences

G-Indexing (vector Indexing)

e e e e e R e R e e e e R R e e e e e e e e e

all bad
album

justin - jeremy
bieber —parent bieber

\ ‘\sibling
profession X

\4 m.0gxnnwp

record

producer

-----------------------------------

-- Step 1: Indexing

\

chlldren\> jaxon

canada node attributesj
R | . E
nationality [ IM *I  Zn |
bieber
siblin /

g gender—edge attributes‘)[ LM *]_): Ze
/ \ - -7

male
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G-Retrieval (BfizxR)

Input Query

§ 6.4.1 Query Enhancement
* Query Expansion

«  Query Decomposition § 6.2 Retrieval Paradigm

* Multi-Stage Retrieval

8§ 6.3 Retrieval * |terative Retrieval
N4 Granularity * Once Retrieval § 6.4.2 Knowledge
=1L - Nodes § 6.1 Retriever Enhancement
= |j1> « Triplets . Non-P ric Retri
== g . Paths |:> on-Parametric Retriever [>

LM-Based Retriever * Knowledge Merging

Graph «  Subgraphs .
e K | P
GNN-Based Retriever nowledge Pruning

Database * Hybrid
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G-Retrieval (4gj AI129R)

Knowledge Graphs (K6s)
B FEquery(ZRLURTTE R RS LL \

R, Bifqueryl fEAl |
query 7 fi#. _HU%I%U”\UEHZ |
NEEIIES, MeE

WL RS RERRIDHE, (o H @D |

____________________________________

0 (zlgq, o) @ Retrieval \3 Reasoning Paths Wz

z1 :born_in — city_of 3 born_in ity_of
. oe Biden ———="", Scranton ——2=— USA
?2 graduat_en'from — lgcated'_ln D 1 graduate_from located in
#3 : profession — work_in = city_of ' Planning OpNization ! Joe Biden > University of Delaware ——— USA

Prompt: Please answer the
question based on the reasoning

Prompt: Please generate Py(z|q) <j

helpful relation paths for

answering the question. @ Planning P ® Reasoning paths and explain why.
tion: What is th Answer: The answer is
Question: What is the arge Language Models (LLMs) =——> [ el becaus
ianglity of Joe Biden? Py(alg, Z,6) , Decause .....

— E— LI e Q _______

Instruction
Inference Finetuning T ZTXEB R TN
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G-Retrieval (MpZ=RWE

e meeeieeeioas Step 1: Indexing ------- oo e Step 4: Generation - ‘
Do % frozen
: all bad canada ——node attributes i : d) trainable _]aio 1 blft)er :
album™ A R T T T v v node id, nbodtc)_attr“
: - . i o 15, justin bieber '
' 9 t lit v 2 ' ' ' o . * H
E Justin —parent—> Jc.rcmy nanon LM * E " i ¢ LLM * 294, jaxon bicber - nodes of § :
; bieber bieber children : : Pl (Self Attention Layers) 356, jeremy bicber
' \ ~ ™ Jaxon : P 551, m.0Ogxnnwp _J '
E _Sibling __» bicber S il i k| =
' profession X sibling / ) : P src, edge _attr, dst :
' - gender—edge attributes ! P [ [ 294, parents, 356 y
m.Ogxnnwp ¥ ' o K K A A A A 356, children, 15 (- edges of § ;
H record E E A> LV P 551, sibling, 294 E
: producer el P Projection | LLM sk ] 551, sibling, 15 _J ]
Il o q Eraph En“’def] \ (Uas Bl Question: What is the name 5
Lo T T T of justin bieber brother? E

. o * * * " . '

Question: What is the name LM % 2 . S*=(V*, E") textualize(S™) query gq Answer 5

of justin bieber brother?

jeremy S*
~—parent—  bieber

justin bieber, this is justin bieber, jeremy bieber, prlze(n) + Z prlze(e) - COSt(S)
argtopk,,cy cos (24, 2n Sca,

justin bieber fan club, justin ... hild Sis connected ne ecEg
sibling chridren
argtopkeeE CcOos (Zq, ze) sibling, sibling_s, hangout, friendship, friend ... m.Ogxnnwp —sibling jaxon
' bieber

-------------------------------------- Step 2: Retrieval -------------momomommmmmmce N oo m s s sess-o--- Step 3t Subgraph Constrtiction --o-o-ooeosnessesssnen e




G-Retrieval (23T,

Question: J

What is the majority party now in the country where Canberra is located?

Anthony
Albanese

Anthony \Dojjj;
Albanese el pa

part.of (\’i\“e

country
cont\nen‘

( Canberra ) capital of
2,
count prime eehole %,
territory Ty head e -

government

Australia_n Capital Prime Minister Anthony
Territory of Australia Albanese

Prime Minister of
Australia

I—)( Enough Information H

[ Answer | ! Reasoning paths
i <:| 1. Canberra -- capital of -- Australia -- prime minister -- Anthony Albanese -- political party -- Labor Party
: 2. Canberra -- capital of -- Australia -- prime minister -- Anthony Albanese -- occupation -- Politician
3. Canberra -- capital of -- Australia -- head government -- Prime Minister of Australia -- officeholder -- Anthony Albaneff/

O i - o .

YO 7RR/z

University of Chinese Academy of Sciences

ERLPTER

ZMERIGER
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G-Retrieval (#jZx45E8 1%

Question
The films written by Babaloo Mandel starred which actors? )
Similar Questions Generation /~ Semantic Analysis
Who were the actors in the films written by Babaloo Mandel? Hop-prediction: 2-hop
Which actors have appeared in movies scripted by Babaloo Mandel? e Core Entity: Babaloo Mandel
Knowledge Graph
O G " bt ) )
N ) : ok o ! Daryl Hannah
birth_year .~ 7 : direcled_b/y 7 s‘aﬂed,actors ‘
Z itten by | I
Babaloo Mandel - : Splash } starred_actors . Tom Hanks
Writte, | |
A > by | starred_actors | . .
created_by| . RS | Parenthood ; Dianne Wiest
birth_place < | \
1 %___\' “has_genre
R A New York | g _5 2% ISt
( Knight & Daye ) RS | - = 1 Starred aeqor Jason Robards
s g o : ( Comedy ) ‘
e LS o O _ P
— Knowledge Retrieval N\
[ , Babaloo Mandel — ——~ 5 Splash: == —me ~ , Parenthood - — — —— — ~ |
\ \ \
" birth_year  written_by |_19P-K ; directed_by starred_actors | _Lop-K| [Top-K ; has_genre  release_year |
\ birth_place  created by | | has_tags in_language | . starred_actors written_by |
S / ~ e e 7 L //
Reasoning =
Triples: [Splash, written_by. Babaloo Mandel], [Parenthood. written_by. Babaloo Mandel], [Splash, starred_actors, Tenivlate

Daryl Hannah], [Splash, starred_actors, Tom Hanks]......

Generate Question: the films written by Babaloo Mandel starred which actors?
Knowledge: The movies written by Babaloo Mandel are: Splash and Parenthood. The actors starred in Splash <
are: Daryl Hannah, Tom Hanks, John Candy......

k LLM Answer: The films written by Babaloo Mandel was starred by Daryl Hannah, Tom Hanks ......
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G-Generation (BEFEMZRBYLLMARY)

§ 7.3 Generation  pre_Generation Mid-Generation Post-Generation
Enhancement Enhancement Enhancement Enhancement
§ 7.2 Graph Formats § 7.1 Generators
Retrieval GNNs Res
. . ponse
Results Graph Languages e SE~

. Graph Embeddings R @
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SAIEERMRALLMBIA

Retrieved Graph Data

paJnpoJiul

€m
er,
8eqy in
3‘(\\0 ¢ )
931‘°0\

transform

—

Adjacency/Edge Table Natural Language % Node Sequence

(Claude Monet, introduced, new
techniques)

(new techniques, emerged in, 19th
century)

(new techniques, revolutionized,
later art movements)

Claude Monet introduced new
techniques. These new techniques
emerged in 19th century. These
new techniques revolutionized later
art movements.

Claude Monet— new techniques
— later art movements

Claude Monet— new techniques
— 19th century

</>| Code-like Forms ﬁ Syntax Tree
< graphm| > Node feature:
<key id ="d0" for ="node" attr.name ="name" attr.type ="string" > </ key > ?: Sé?/sl/j(tjeecfl:ﬂn?njés
<key id ="d1" for ="edge" attr.name ="name" attr.type ="string" > </ key > 0 2: 19t centu:‘
< graph id ="G" edgedefault ="directed" > : y
<node id ="n0" > < data key ="d0" > Claude Monet </ data > </ node > 3: later art movements
<node id ="n1" > < data key ="d0" > new techniques </ data > </ node > traverse Edge featu re:
<node id ="n2" > < data key ="d0" > 19th century </ data > </ node > _— (0,1): Introduceq
<node id ="n3" > < data key ="d0" > later art movements </ data > </ node > 1 2 3 (0,2): emerg?d I.n
< edge id ="e0" source ="n0" target ="n1" > < data key ="d1" > introduced </ data > </ edge > (0,3): revolutionized
<edge id ="e1" source ="n1" target ="n2" > < data key ="d1" > emerged in </ data > </ edge > . Structure:
<edge id ="e2" source ="n1" target ="n3" > < data key ="d1" > revolutionized </ data > </ edge > Tree Construction center node: 0
</ graph > 1st-hop: 1

</ graphml > 2nd-hop: 2, 3
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LLM Attention Layers o I
LLM Encoder ] \ Knowledge Adapter ¢ /

LLM Embedder & ] / Graph Encoder % \
: ; :

[ ) @00 @o0 @ee

EAEEEHILLMEIA
[
|
|

" P ;A //,—\\
}% R " gL C v
query

........................................................................
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G-Generation AN BIIEs

1. Retrieve: Subgraph Retrieval

| [Question] What is the zip code of the capital of China?

[Subgraph]

ERIBRESHE

2. Rewrite: KG-to-Text

[Triple-form Text]

(China, capital, Beijing) (Beijing, zip_code, 100000)
(China, capital, Beijing) (Beijing, area, 16410 km?)
(China, locate, Asia) (Asia, area, 44579000 km?)

I

KG-to-Text LLM

[Free-form Text] l — = E i ?EIE%)HLJZU

China's capital is Beijing, and Beijing's zip code is 100000. China's
capital, Beijing, covers an area of 16,410 square kilometers. China is
located in Asia, which has an area of 44,579,000 square kilometers.

3. Answer: Knowledge Text Enhanced Reasoning

[KG-augmented Prompt]
Below are the facts that might be relevant to answer the question:
China's capital is Beijing, and Beijing's zip code is 100000. China's
capital, Beijing ......
Question: What is the zip_code of China's capital?
Answer:

I

Zero-Shot Question-Answering LLM

| [Answer] The zip code of China's capital, Beijing, is 100000.
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____________________________________________________________________________

Question:lr what napa county wine is 13.9 percent alcohol by volume?

_______________________________ [
' v
Entity Retrieval Schema Retrieval
Mention Detection napa county .
: : Class
Candidate Generation (napa valley, m.012] ) (napa airport, m.0dIb8x) . , R.elatl.on
. . . . wine.wine wine.wine.percentage_alcohol
Entity Disambiguation m.0i2_ ./ m.0dIb8x X' wine.wine_type  wine.wine_region
} wine.vineyard wine.wine_region.wines
Exemplary Logical Form Retrieval wine.wine_region wine.wine_sub_region.wines

food.beverage wine.wine_wine_sub_region

(AND wine.wine (JOIN wine.wine.percent_new_oak 13.9*float)) : . : :
wine.wine_color  wine.wine_country

(AND wine.wine (JOIN wine.wine.wine_sub_region m.0I2l_))

Decoding Constraints | > PLM -~
Class Trie Relation Trie Yo .

01:8:8 (AND wine.wine (AND (JOIN (R wine.wine_sub_region.wines) m.0I2l_) |
O*O:-g :\ (JOIN wine.wine.percentage_alcohol 13. 9""ﬂoat)))
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g Question: Where was Michael F. Phelps born?

( ) L : S
E Input Prompt: Below are facts that might be Retrieval | | Input Prompt: Below are facts that might be Retrieval |
1 | meaningful to answer the given question. — | meaningful to answer the given question. —— |
1 | - . - I
' | (Michael F. Phelps, occupation, Swimmer) % I ' | (Michael F. Phelps, place of birth, Baltimore) 4__ .
i | (Michael F. Phelps, spouse, Nicole Johnson) % ' | | (Michael F. Phelps, date of birth, Jun 30, 1985) % |
1 | I
| | Question: Where was Michael F. Phelps born? | Knowledge E | | Question: Where was Michael F. Phelps born? | knowledge !
| Answer. | Base (KB) | | | Answer. Base (KB) !
| | :
: Generated Answer: i | (=) ( Generated Answer: :
| Michael F. Phelps is a swimmer and was v Michael F. Phelps was born on July 16, 1997, !
! married to Nicole Johnson on Jun 13, 2016. Lo in Los Angeles, California, United States i
I | | :
LR L Retrieval Error ] —————————————— B { Grounding Error } ————————————— |

Question \ L Retrieval Error ]— = == —>[ Refuse / Do retrieval again

V Grounding Error -—-—- Refuse / Do generation again
Retrieved Knowledge — Q:> \ g ]- { g 9

Correct Answer ]— - ->[ Return the generated answer
Sl b L KALMV (Ours) Verification Action
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