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Indexing

Documents O

> \ >

|

I

: How do you evaluate the fact

\ that OpenAl's CEO, Sam Altman,

Chunks|Vectors

(o] went through a sudden dismissal
0 by the board in just three days,
UtpUt and then was rehired by the ¥ [embeddings)

company, resembling a real-life

version of "Game of Thrones" in

LLM tlﬁl |':'jLF__JZ__EJZjZ7-|§
BT, 7%
41: %Ellj =5 ,§\’j§1|:|'_;_-_j L_

! Retrieval

}A Y*J_/ = */\% PRRE RS RERY et R WL LR N \ terms of power dynamics? ! !
/\E ALYJ / \ R Oy ,

[ Relevant Documents j

...l am unable to provide comments on
JJ:b ek future events. Currently, | do not have
\lz E}ﬂz m]| PPANE any information regarding the dismissal * LLM Generat|on
1|:|'U\ Ho and rehiring of OpenAl's CEO ... D L A e e e e e e R S S IE R E P e .
Question :

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

How do you evaluate the fact that the
OpenAls CEOQ, ... ... dynamics?

Please answer the above questions
based on the following information :

...... This suggests significant internal
disagreements within OpenAl regarding
the company's future direction and

P(query, Chunks|0)

Chunk 2: "The Drama Concludes? Sam

strategic decisions. All of these twists gmgi ; Altman to Return as QEO. Qf (RpenAl,
and turns reflect power struggles and Chiink 3 Board to Undergo Restructuring
corporate governance issues within
OpenAl... et - - Chunk 3: "The Personnel Turmoil at
3 o : Combine Context $ OpenAl Comes to an End: Who Won
feeass sl o EEaaanas g and Who Lost?"
[ Answer j L and Prompts \ ,

Retrieval-Augmented Generation for Large Language Models: A Survey :
https://arxiv.org/pdf/2312.10997
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G@\((Query

umm

G@n (Query, Top(N,

P(query, Summaries|0)

FEAR(ERITFD)
. Comprehensiveness
. Diversity

. Empowerment

AR LightRAG. DB-GPTZ

Fiff

F (693Fs694F8701F—7615F) ,
%F;'\Lm, SEE Ej:, /—J?\/%)”A Tﬂ*gu_l
ABE. EHIFA. BxX. HBXKFEEEKSD
SGARER. THITTE (7316) Rt
ﬁ% JhEGTEE. WEEHSE., AL ERE
=, ...

i

DR, IKFFEIRER, RPRRIRAE
R OXE, 55 EHE (Bic) FRXE
A "RKEZH" . (BBE) dcik: "HRr
'R INAEEERPRAE, RIZIL
R FEEZERTILL, ...

FHEN

D))
ary

LAGraphRAG(ms) AR FJHIZRKHEE

[Question: Which public figures are repeatedly mentioned across various entertainment articles?

N

Naive RAG response

Public figures who are repeatedly mentioned across
various entertainment articles include <Public figures
1, 2, 3, and 4=, These individuals have been
highlighted for various reasons, ranging from their
professional achievements to their personal lives.

<Public figure 1> [...]

<Public figure 2> [...]

<Public figure 3> [...]

<Public figure 4> [...]

These figures are frequently covered due to their high-
profile status and the public’s interest in their careers
and personal lives. Their activities, whether in music,
sports, or personal relationships, have significant
cultural and economic impacts, as evidenced by the
media coverage and public reactions.

s ™y
LLM evaluation

Comprehensiveness: Winner =
Diversity: Winner = GraphRAG
Empowerment: Winner = GraphRAG

GraphRAG

AN

GraphRAG response

The entertainment industry is vast and diverse,
encompassing film, television, music, sports, and
digital media. Certain public figures stand out due to
their significant contributions and influence across
these sectors. The following summary highlights key
individuals who are repeatedly mentioned in various
entertainment articles, reflecting their impact and
presence within the industry.

Actors and Directors [... 20 figures ...]

Public Figures in Controversy [... 3 figures ...]
Musicians and Executives [... 5 figures ...]
Athletes and Coaches [... 7 figures ...]
Influencers and Entrepreneurs [... 3 figures ...]

The repeated mention of these figures in
entertainment articles signifies their ongoing
relevance and the public’s interest in their work. Their
influence spans across various aspects of
entertainment, from shaping cultural narratives in
film and television to driving trends in music and
digital media. These individuals not only contribute to
their respective fields but also influence the broader
cultural landscape, often becoming central figures in
social discussions and public discourse.,
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Gen(Query, (
Gen(Query, )
Gen(Query, )

Gen(Query, @)

{"summary” : “EERIEHFHEE R,

“explanation” : "ERREHLENNHEER NN ZEREFRET SR, PEREL

FIX —BTEAEFE SR, BUBIRE, R ZAREMNEENE., FHESEANBEKRLE T X
B A= MFrIER. 7 3, {

“summary” : AR E 2T ERITEEE",

“explanation” : “IUFEFE B 2 FERITEEE, X THRMAOREST S LEREME T L7
o EHESILAICE ZBMERIER T MAIRIERRZN, BE T a0 ABURMERN ) /ERL R
o TERREH#SILARCEMNBGRAIUEERIMED ARBRMZAHIAVIER, “ T,

“summary” R AR SN R R H A

“explanation” : “,TfF%)IIEHEQEE’JHjEi’m FRaSTEIX AL A 22 RO ARNE KA HIIERS

B, FHESARBNNEARRE T M RKMPBEEFTLHOMIBLE R, XAJ8ERNT T MhAY
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H 5o

“summary”: “EHIEZRFLFIREKRIE"T, {,

“explanation”: “EEEBIFRES R, KAST, SEaXF R "

Zm, E8 (HE) (LEKIEY (Fa=xREKE) .7

“summary” : “IKFHTE A EE BE A HBEIME S IIE”,

“explanation” : “JKi3f, GFREIR, BPEREAFIBIWZOXE, #HES2EE (e

kA "KEZH . (ERSE) icEk, “HFEREIRT | B LSRRI FEEEER

Flt, =L EXKT UFIBAA, SERSERN T BlA "B H8R..." }
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Question Question
(1) Question Retrieval Source
Understanding Construction
7] R IR A Encoded Question _ Z
‘ ®Logical pglsitiviss
Parsing ‘
. o - L e Y. |
BRI R i i

! [ (argmax e 15) ] ;

: @ -' GBS
‘ g ; Repeat o) Question
\ \ . | (Hop ey 1y) | ! Representation ‘
AR : -

i Uninstantiated ; v L
; Logic Form Reasoning Instruction B 3 Hf 18
5 m : 3 Graph Based

4

Xt

1Ll

4

ZEHEHAT l@ KB Grounding Reasoning
Reasoning Status éi%ﬁh%
Executable Logic form
@Answer
@ KB Execution Ranking
Answers Ans:?vers
SP based-methods IR based-methods

A Survey on Complex Knowledge Base Question Answering: Methods, Challenges and Solutions
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Spouse

4 Sports
—  g-Spor

Ans 1

Fran Walsh

Step 1: Data Construction

KBQAS KRB M xS

P
Step 2: Planning LLM Tuning and Inference

AR

Inference
“Which regions border Drake Bell's birthplace

Verbalization Fluminense Grounding and Santa Ana at the same time?”
Knowledge Graph
Sub_Question_1: str =" What is the birthplace of Drake Bell?"
Info 1: str = Search(query = Sub_Question_1)
Spouse Input Ans_1: str= Get_Answer(query = Sub_Question_1, info = Info 1)
. = ##Example 0##
Sub_Question 2: str = f" Which areas border with {Ans 1} "
Q1:What is the Spouse of Fran Walsh? ##Example 1## Info_2: str = Search(query = Sub_Question_2)
iidne 1 Ans_2: str = Get_Answer(query = Sub_Question_2, info = Info_2)
i el ##Your Turn##
Fill ng | Original Question: str = ‘What sports have Fluminense Sub_Question 3: str = "Which areas border with Santa Ana?"
Sports and Fran Walsh's spouse played in?’ Info_3: str = Search(query = Sub_Question_3)
G Ans 3: str= Get_Answer(query = Sub_Question 3, info = Info _3)
Q2:What sports does {Ans 1} play? (0] t
2 A AR SOE NIk Y mipN Inter Resultsl: str = Intersection(Answerl = Ans 2, Answer2 =
¢ Sub_Question_1: str =" What is the Spouse of Fran Walsh? " Ans_3)
A2:Ans 2 EE e e = 3 A
Info_1: str = Search(query = Sub_Question_1) Final Answer: str = Finish_The Plan(Answer = Inter Results1)
Ans_1: str = Get_Answer(query = Sub_Question_1, info = Info_1) 9 )
Sports
= '@ Sub_Question 2: str = f" What sports does {Ans 1} play? " i . . )
63 Wihiat sooris does Fletitnanss olav? Info_2: str = Search(query = Sub_Question_2) Sfep 3: Plan Parsmg and Execution
So-NEDRUSGEE GOfs RSIUREESE [ Ans 2: str = Get_Answer(query = Sub_Question 2, info = Info_2) S ; N\
. R 0 Sub_Question 1: ...
A3:Ans 3 Retrieval = Info 1:str=S8 h
Sub_Question 3: str = "Q3:What sports does Fluminense <P nio_1:str=Search ...
play?" — o
Info_3: str = Search(query = Sub_Question_3) A LLM /’
Final Q: What sports have Fluminense Ans 3: str = Get_Answer(query = Sub_Question 3, info = Info_3) & Y 4 — Ans_1: str = Get_Answer ...
and Fran Walsh's spouse played in? .
Inter Results]: str = Intersection(Answerl = Ans_2, Answer2 = (+[-] Inter_Resultsl: str = Intersection...
Ans _3) Set Operate 0BG —
Final Answer: str = Finish_The Plan(Answer = Inter Results1) Final Answer ...
Final Answer Wi
P )

Learning to Plan for Retrieval-Augmented Large Language Models from Knowledge Graphs

$

 eas

1

OpenSPG/KAG

Knowledge Graphs (K6s)

member_of

@ Retrieval N Reasoning Paths Wz

Relation Paths Z /7

z1 :born_in — city_of . born_in city_of
29 : graduatgn_from — 19cated__in memmem—-cosoceo - \ O graduate Sf(;r:;l ton 05 located in
z3 : profession — work_in — city_of | , Planning Optimization ! Joe Biden - » University of Delaware —— USA
b e e - - e =
Prompt: Please generate Py(z|q) <:J] Prompt: Please answer the
helpful relation paths for . : question based on the reasoning
answering the question. @ Planning ® Reasoning paths and explain why.

M
ﬂ-ﬂ Large Language Models (LLMs) =———>

P@(alqa Z: g)

S ‘
Ll : Reasoning Optimization !
v 1

Answer: The answer is
USA, because .....

Question: What is the
nationality of Joe Biden?

——>

Inference

—>

—>

Instruction
Finetuning

Reasoning on Graphs: Faithful and Interpretable Large Language Model Reasoning
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Question: J

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

l’ ----------------------- \\ l’ -------------------------------- \ l’ --------------------------------- \\
Search Search Search
{ Search N R search_ IR Search :
1 Depth 1 e L 1 , Depth 2 Australian Capital ‘0\ / ‘: 1 Depth 3 Labor Party |
: A0E itory : y Territo oe(\\' e i : — - :
| o ter! . count ¢ Lo political | party .
: : capital of | ! v i !
: Canberra | — Australia prime _,_, >f Antony :
| | country | , minister ! ! \__ Albanese |
1 | i 1 1 ]
1 Q. 1 | . 1 1 |
: kA Lo . |
! S - e - —— i ' Prime Minister ;
I S ) I I ' of Australia I
\ ] \ 1 \ ]

e — m
m. 0 05 Depth2 05 1.0 m Depth 3c|t|zenshlp 05 1.0
Depth1 = P —
P ../ : ) C\ustralian Capital \\009}. . )
T A i Territo N
@ Information ry L )
partoof 00“\\“ Ge_ ; Information
Canberra )~capital of o ) ontine Y, %,
S e 2,
Untry inist officeholder %
territory government i
: " Prime Minister of m
Australla_n Capital Prime Minister Anthony C Alstralia )
Territory of Australia Albanese
l—)[ Enough Information H

( . _A}s—wc—ar— Y ! Reasoning paths
| K:l 1. Canberra -- capital of -- Australia -- prime minister -- Anthony Albanese -- political party -- Labor Party
- Labor Party k; enerat - 2. Canberra -- capital of -- Australia -- prime minister -- Anthony Albanese -- occupation -- Politician
| e' 3. Canberra -- capital of -- Australia -- head government -- Prime Minister of Australia -- officeholder -- Anthony Albanese
\ - : : , , Wi

THINK-ON-GRAPH: DEEP AND RESPONSIBLE REASONING OF LARGE LANGUAGE MODEL ON
KNOWLEDGE GRAPH

KBQAS KRB AN i

4

A ’
=Y=1:M):peas

OpenSPG/KAG

~,"

3@: [ Query: Where was one of the runners born who almost broke Craig Virgin's lllinois Boys Cross Country record?

FY (a). Text-based RAG

Reference

Fibl 1. Virgin held the lllinois Boys Cross Country all-time state championship record for ...

________________________________________________________________________________________________

<Similarity Score: 0.8>

@ 2. Craig Steven Virgin (born August 2, 1955) is an American distance runner. He was born.. <similarity Score: 0.5>|'

«  (c). Hybrid RAG

@ 3. The IHSA established state series in boys sports: cross country(1946) ...

Participant
Assistant: The given Craia Virgin | 1984 Summer’) =
| references do not provide 9 o Z,.. \_Olympics ~.s
/| specific information about the T 7 Lebanon
Josh Methner's place of birth. High School /
o )

<Similarity Score: 0.2>

r

' Reference

° (b). KG-based RAG
[B1. virgin heid ..
~

<Similarity Score:0.8>

-

Assistant: so"y’ | can not |@ 2. Craig Steven Virgin ...<similarity Score: 0.5> I

answer the question. The given
triples are incomplete and no specific
information about the person who
broke Craig Virgin's lllinois Boys
\Cross Country record is provided.

I@ 3. The IHSA ... <Similarity Score:0.2> I

Assistant: Sorry, | can not
answer the question about the

)+ | Josh Methner's place of birth.

.

E] located in the administrative

] @ Assistant: IHSA hold the lllinois Boys
i| Cross Country competition. Lukas Verzbicas

territorial entity

S
S, :
r Off LS o ~., ~
.IHSA S )Q/O/SC/ line 7 \ A‘. j
> \ ../ —

B 5 No more useful info.

il won the 2010 IHSA Class 3A state championship
i| with only 3 seconds off the state record held by

| Craig Virgin. Thus he was the one who almost

| broke the record of Craig Virgin. And Lukas was
i il born in Kaunas, Lithuania. Therefore the
"""""""""""""" ; \answer is Kaunas, Lithuania. Oj

THINK-ON-GRAPH 2.0: DEEP AND FAITHFUL LARGE LANGUAGE MODEL REASONING WITH

KNOWLEDGEGUIDED RETRIEVAL AUGMENTED GENERATIO

N
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Original Text

Factual Inconsistent Text
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The vitamins and minerals in energy drinks play a certain
role in quickly replenishing nutrients and eliminating fa-
tigue after exercise.
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The vitamins and minerals in energy drinks play a certain
role in quickly replenishing nutrients and inducing fatigue
after exercise.
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A typical silkworm can live for just over a month, dur-
ing which the period from hatching to cocooning varies
roughly from 25 to 32 days depending on the season, fol-
lowed by 15 to 18 days as a pupa, and finally 1 to 3 days as
a moth.

CREAAE 4 Z T, Foh R LRI E R
AFERLZI5-18K, ARG A25-32K, fi)a B2
1-3 K.

A typical silkworm can live for just over a month, dur-
ing which the period from hatching to cocooning varies
roughly from 15 to 18 days depending on the season, fol-
lowed by 25 to 32 days as a pupa, and finally 1 to 3 days as
a moth.
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The inorganic chemicals in sunscreen can reflect or scatter
light on the skin, while organic (carbon-based) chemicals
can absorb ultraviolet rays.
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Both the inorganic chemicals and organic (carbon-based)
chemicals in sunscreen can reflect or scatter light on the
skin and absorb ultraviolet rays.
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With the increasing awareness of health, more and more
people are beginning to focus on a balanced diet.
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AL
With the increasing awareness of health, more and more
people are beginning to focus on the organic quality of
their diets.
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born on: December 22, 1955 \’
nationality : German-American Thomas C. Sudhof ~__
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/\ c 1a poorly understand disease:

aliases: Thomas Christian Sudhof !

_—»( Discipline Answer
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Coverage Ratio of different layers in a KAG application

R = 100%

A

Rigorousness f \

Y \ Y
R(KGes) R(KGr) R(RC)

Knowledge

(static, pre-defined)
Higher ratio of the left part:

» higher professionalism

KGi * higher accuracy
(Information; Schema-Free or Semi-Schema) o hlgher difficu lty of construction

Information

(dynamic, ad-hoc) ’ T Completeness

- ———— ]

Higher ratio of the right part:
» lower professionalism

Py s . ={e - lower accuracy
9. Chbrf;} T et e e e e e « lower difficulty of construction
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KAG - Indexing Structure

OpenSPG/KAG

default.schema

EntityType

-
O concept.rule

std.(attr)

:"_E_j'??c": Knowledge
(static, predefined)
e L - =" I Y e
, semanticType
O“_.. std.(p) std.(id) | | T \
pad
belongTo
Information <
(structured) {
.content =
Data 20T l
. name _.

(dynamic, ad-hoc)

KAG - Indexing instance of Jay Chou

Person

Organization

O

name:Jaychou

Military Figures
Political Figures
Culture Figures

gendermale |\ [/ ~TTTTTTTTTTTmotmmmosmmsscmmmmnst
Tamkang Middle School
school | |/ o ____. ' Writer
» chinese male singer —— L
Concept \ |/ TTTTTTTImTETTEITT belongTo Painter
constellation \_} —
Musician
Catchphrase

Capricorn
Keyword

O

BN EATE

Organization(£H£R#1#4): EntityType
properties:

id(EH2): Text

iIndex: TextAndVector
name(#l#84&): Text

iIndex: TextAndVector
desc(¥h): Text

iIndex: TextAndVector
semanticType(i& X ZE&#): Text

Person( A¥2): EntityType
properties:

id(FEH): Text

iIndex: TextAndVector
name(#4): Text

iIndex: TextAndVector
desc(f@ah): Text

iIndex: TextAndVector
school (E&Ml Be#%): Organization
gender (TE31): Text
semanticType(1& X ZEAY): Text

Works(4Efm): EntityType
Concept(#:2): EntityType
Geolocation(ME{L1E): EntityType

Chunks(XEE3%): EntityType
Others(H'E): EntityType
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id: 1
‘mainText:

Abraham Lincoln took
moderate positions
designed to bring the
South back into the
union as quickly as
possible, while Radical
Republicans in Congress
sought stronger
measures to upgrade.

the rights of African
Americans.

id: 14142

mainText:
Republicans regained

control of the chamber
they had lost in the
2006 midterm elections,
picking up a net total of
63 seats.

Semantic
Chunking

KAGIEEE{E = 2 HREY

Abraham Lincoln

Person

President

f
( bring back

Republicans

Organization

Political Faction

standardName:

Abraham Lincoln

summary:

The 16th President of the United
States, who adopted moderate
positions aimed at swiftly
reintegrating the Southern states
into the Union after the Civil War.
description:

The 16th President of the United
States who led the nation through
the Civil War and worked to end

standardName:

Republican Party

summary:

A political faction, specifically the
adical Republicans. They

sought more stringent measures

to ensure the rights and

integration of African Americans

following the Civil War.

description:

The Republican Party, often

referred to as the GOP (Grand

Old Party), is one of the two

major contemporary political

parties in the United States.

Standardization

OpenSPG/KAG

Faction {

(G o

Location af‘da Republic

b{);\ Republicans - an Party
\ y @
6} e uﬂ\sh \ g

o\ 4 318 @ Orgamzatlon
l Sl = —
StandardName The / ,a.% 3 0 i
Confed »rat o South /= Poltical |/ 'SA [isA
- / 9“¥

e / lost in
6’0‘&\6 ,,/ Chamber 65"0 Iy
L /
ar -90,% / 1‘23 Legislative
/ 8
| 3 %,

Poli

cal Event

)\

sA

Government

Agency
1SA

Body

{
j United States
f o Cune® House of
/ ng-~ chunk ,
/ suppof_..a"" Representatives

2010 election >;an; S — United States
AUdName \ elections, 2010

Concept Completion and
KG Construction
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(pdf, docx,csv,md)
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|

L

L

(semantic chunking)

L

(Kag Information Extraction)

-

L ‘
\/‘

Reader

Aligner

v

v

Splitter

Vectorizer

v

v

Extractor

Writer

.

(Disambiguation, concept linking, fusing)

(Embedding for property which
require vector retrieval in schema)

(dump builder-result into graph-
engine through openspg)
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B
K1

Chunk

Person |«

BT SERNENIITT
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( TaxoOfDiscipline )/bdeo
4

bindTo TaxoOfPersonJ s A

/ ) ( TaxoOfInstitution J/
is A ( life science ) /

L N ISA
* N (Educational lnstitutioa
; ( Medicine )
iIs A \

; A/\ Neurodegenerative
i is ; P
/ A isA * Disorders

AN psychiatry and ‘belongTo / ‘ Person
iSA . . il . N
\ behavioral sciences . isA () Institution
biochemist ( neurelagy )‘ - """ "r Keyword
> 4 [ Universityj (Dementia J — Article & Chiinik
EXE - works in \ rticle un

. : Z SA e
~T e -
born on: December 22, 1955 ' . Alzheimer's

nationality : German-American Thomas C. Sudhof ~__

aliases: Thomas Christian Sudhof works at

:'a poorly understand disease:
/\ e e TSR ’ extrFrom
known for
ol exlEFTam Stanford University \
. study of synaptic transmission ! /v\ extrFrom
\extrFrom extrFrom Works:at
\\\\\\\\\\ Chunk
' David id: ckdh#1
Chunk born on: April 25, 1971
id: ckdh#2 Eagleman parName: ......
parName: ...... \ chunkSumm:......
chunkSumm:...... contain content: xy......
content: xx...... contain
Article
Question: Which Stanford University professor works on Alzheimer's? o L
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XBEFTLR

Corpus

id:1#1#7

mainText:
Abraham Lincoln took

moderate positions
designed to bring the
South back into the
union as quickly as
possible, while Radical
Republicans in Congress
sought stronger
measures to upgrade
the rights of African
Americans.

id: #1142

mainText:
Republicans regained

control of the chamber
they had lost in the
2006 midterm elections,
picking up a net total of
63 seats.

Semantic
Chunking

KAGH RS B HHEN T EREN VARSI F5 -1

o

Abraham Lincoln

Person

/

{

President

Il

( bring back

\

South

|\

Location

Republicans

Organization

Political Faction

Organization

Legislative Body

OpenlE

standardName:

Abraham Lincoln

summary:

The 16th President of the United
States, who adopted moderate
positions aimed at swiftly
reintegrating the Southern states
into the Union after the Civil War.
description:

The 16th President of the United
States who led the nation through
the Civil War and worked to end
slavery.

standardName:

Republican Party

summary:

A political faction, specifically the
adical Republicans. They

sought more stringent measures

to ensure the rights and

integration of African Americans

following the Civil War.

description:

The Republican Party, often

referred to as the GOP (Grand

Old Party), is one of the two

major contemporary political

parties in the United States.

Standardization

me
Ao
5 Aa'
Location ™ Republic
* Republicans an Party
2) : 3
6\\ - (\\Sh 6
D\ o QU /. 8\‘3 «-i ‘ Organization
ol
Standarg ’\larr The / ?'5.\ - o 4
Confederat South f) - Political |/ 'SA [isA
e States of "'* Faction f
America / lost in Government
ARy a Agency
NE A
American  \o% \ISA
Civil War SO'% Legislative
T 0/7//) I BOdV
\‘\ Q % é’ < -
\ J 7
\‘ o - [/~ & -}
T chunkﬂ /85 S|
Political Event pad - zﬁ

X

NjsA

OpenSPG/KAG

, Umted States
W\
,/ po mﬂg _.CN. chunk House of

Representatives

elections, 2010

2010 election
)Smn da’dNam { nited States

)

Concept Completion and
KG Construction
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KAG Logical formIEIER ERASEIIRRI ST

(chunks

Abraham Lincoln took moderate positions designed to bring...
Republicans regained control of the chamber they had lost in
the 2006 midterm election ...

The heavy Democratic Party losses were attributed to anger
with President Obama...

= J

\ 4

Supplement

Question
—

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

(" Question: In the United States after the Civil War, the political
party that favored harsh punishment of the southern states
\_ gained control of which institution in 2010?

/Logic Form Planning:

Step1: What's the name of the political party that that favored
harsh punishment of southern states after the Civil War?
Logical form: Retrieval(s=s1:Organization, p=p1:punish

, 0=01:Location[Confederate States of Americal)

Step2: Which institution did the political party take control of in
20107

Logical form: Retrieval(s=s1, p=p2: control, o=02: Political

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

HybridRetrieval
subquery —> NER / EL

SubGraph +PageRank +
RAG

goeeeoeeeesd

GraphRetrieval
s/o linker —> SubGraph
select spos on SubGraph

Locat'on standardNa Repulbli
an Phrty
snglass Republicans
punus :
standardNa beforggTo Organ zz
Confederate South gain e 78 .
preek: CONrgh x| ol Goverlment
America lost in -
tandardNameg
merican Civil ( Chamber belongTo
Wer Legislitive
rol the Bo
ISA supporting| chunks C'C‘?mbef in
supporting_chunks
I
tandarciName

[ answer | 1

\ )

if not finish

]

Political Event

suppomng
chunks ,,

United Stites
House Of
Representztives

_[

Memory
Extractor & Judge

l if finish

2010 election

United States
tandardName elections, 2010

[

Generate

¥

—

Buiuue|d

.

—

|eA3LI}aY
» Buluoseay

—

OpenSPG/KAG
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Formal Expression Description Example
A synonym relation means that a word or phrase

var2 that has the same or nearly the same meaning

as another word or phrase var! in the same language
and given context.

An isA relation means that a hypernym var?2 that 1s
more generic or abstract than a given word or phrase
varl and encompasses a broader category that the
given word belongs to.

An isPartOf relation means that something varl/ is a
component or constituent of something var2 larger.
This relation shows that an item 1s a part of a

bigger whole.

A contains relation means that something varl
includes or holds var2, something else within it.

This indicates that one item has the other as a subset
or component.

An belongTo relation means that something var! 1s an
Instance of concept var2.

A causes relation means that one event or action varl
brings about another var2. This indicates a causal
relation where one thing directly results in the
occurrence of another.

<varl, synonym, var2> Fast 1s a synonym of quick.

<varl, isA, var2> Car 1sA Vehicle.

<varl, isPartOf, var2> Wheel 1sPartOf car.

<varl, contains, var2> Library contains books.

<varl, belongTo, var2> Chamber belongTo Legislative Body.

<varl, causes, var2> Fire causes smoke.
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A\ YW 4 i
XKEITIR @ __________________________________________________________________
" ( Question: In the United States after the Civil War, the political

party that favored harsh punishment of the southern states
\_ gained control of which institution in 20107

/Logic Form Planning:

N
,)

e R I

s N

0
c:u:ks — 4 e . Slg)upgsem)enm Step1: What's the name of the political party that that favored n:_a
AR LTCONY TOOK XM UM DOSRENI CRNOTRG B3 LONG .. — harsh punishment of southern states after the Civil War? S
Republicans regained control of the chamber they had lost in Logical form: Retrieval(s=s1:Organization, p=p1:punish =
the 2006 midterm election ... 9 ) v ' PEPLE Q

Algorithm 1 Logical Form Solver

, 0=01:Location[Confederate States of Americal)

The heavy Democratic Party losses were attributed to anger AR : b .
Step2: Which institution did the political party take control of in

1: memory < || with President Obama...

20107
2: querycyr <— query " N Logical form: Retrieval(s=s1, p=p2: control, o=02: Political
3: for round € (0,n) do W\Party) P }
4: l fiis <— LFPlanner(query,,) W e — \
5 history < | : - —D[ question i >
6 for [f € lf;; do i standardNamé * Republic J
! lfsubquery ’ lff unc = lf sngIas:\ __—t Republicans )-”/’/ ey v * o 2
8 retrievalsg,p,, answerg,, <— Reasoner(! fspquerys Lf func) = ounis : GrashRatdiaval HybridRetrieval ® o
. . DEIO$TO Organization rapnretrieva b —> NER /EL o9
9: hlstory.append([lfsubque,y,retrlevalssub,answersub]) Confederate S[a”da'dNaT 3, il #, = s/o linker —> SubGraph Ssubguerz PageRank history 0
10: end for ( States of e | control pf Eatien Govertmem select spos on SubGraph >UPbrap R‘;\gge ek S 2
11: memory <— Memory(query, history) America T i | . Q@
. : -eemmmeeees Ro
12; if not Judge(query, memory) then P CMI tandardName _ be,ongTO T ISA v
13: querycur <~ SupplyQuery(query, memory) War CegtaTe ( answer i e . /
14: end if rol the Body L - J
15: end for h b if not finish |
usA supporting|chunks © 5"‘ erin
16: answer < Generator(query, memory) \ / supportm%chunks =
17: return answer « / tandardName emory
e f Extractor & Judge
Political Event

uolneiauan

f supporting UnltGd States 1 o —
T [ chunks _»| chunk House of l if finish
L g Representatives [
Generate ]

e \C2010 election )\\\
~ United States
standardNam;‘Celections. 2010 >
s 5 SHEERS
S *E;E - 2 ;EFH =

R

W EHTR  E TR R A AE BT
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LPRTR, —FHRFHERI10ER
> BE=1=EAT= 09 /25
WBEE KR AT Xig ot [ﬂmmﬁi : Vil
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7B22H, RE1FEM5FEALPRIITIE ) ' AL REBLRRXERAT IR EZ MR T B8 2=
104MES, HHEARTEERSHRE o EAEALE AR a2 h
=30%. H4RI RIS R e R Wz EREAFEZREXRZERELZHIGHIE ". - —
3.05%F %X, FEARBRITITEENMER, RRER | f=% RN Y IR
LPRETEESSEE— ST, LRSI #. (BB EENR
A F R R A B AN, WUTINRTE2023 F EIGETIETRE TR, BAIGENMSS 1. It ZHEHAXRBS RSP OADEES S
0 ItEHEEREERRAFHBERK (I BT BE Y 4
R B BEE=E. NEH SRR —EENE
\ o | S e ; A=) V4 4 ‘ ;
AT RAERFAMRRLER, 585 ; FRTRNVERASFMENEEK SRS SR, RN alEZHPXKTEO. S TRRRET, BAR?
K, 20245 RMSIBMBIENRA, EEEHRA; BOTRAFHEY 2 4t XHEEEtt: b= o ——
T U e ) DB IR SEIE TR
LPRiH i3 XEZKREZE 1S 850,
20244785228, LPRIDEERS —RIFE, 14£. R ERAS E20REMEERRRT, ATES TR L L E586
| BUSESHAE, B FE, HETNEEREAD i L i |
WES , @ZE2023 , ZHR1T AR2. 7 2223, - o A ; .
2 Mﬁamsgm """"""""""""""""""""""""""""""""""""""""""" I17JHRII{bﬁﬂ\i*?\%*ﬁj}@i@}ﬁ
FEE(EAERE . EELPRA %M ATE S ¥ | EFIZE. . if &ﬁf’}ﬁlﬁﬁ,2022$5ﬁm$ﬁﬁi§k$h2 9%, E:}:i&ﬁﬁﬂ'ﬂltﬁjfm
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“““ BimXA5.0%ER, BERGEREN.. | REIEABENTE, 2023FENBEXRRRERNIC | A_A____*ﬁfb‘_f%&ﬁ?‘ﬁ&
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O mEx
[ﬁ%ﬁ%ﬂ&ﬁ$%%W%Mﬂ } {@ﬁ@ﬁwéﬁ \\\\YJ HEM R
T\
Basic RAG | 0.55 0.37
WSk B AR B iR U B AR } }

, SRR B 12804 [ 115 Dl BRER, Z2RARSRELEEN

-~
T /E 4B R 2 IF Y N ?E%J%EHIFJ 750073/‘@\% K s ﬁ‘
A
U

H RS S \\\V[_,

AR BHH A5 B } I T SR 830 .
"R B A RO B 4 X K
X (1+H RN B R B - [(1+H AN 38 -1

vebr O .y v v EHH: 5005 x0.02X (1+0.02)
i, Az sk W EEE KR, BAE

\A(QOX 12)=[(1+0.02)M20X%X 12)-1 J
—_

KAG(AEB) | o.91 0.71
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. N O ™
offline. Indexing Online 1. query Rewrite
T 3iF I Chunk - | N
h (g Eﬂ o } [ TR+ WS IR 5 75 B AT AR Lk }
ypernym pre 1ct10nI ET T S— R -
WEERE ) (oo e ) | BB 1. A T - e
WRLEDL | [ eminmarts ||\ g pipne g ae o Sh R KRR S SRR | FREEE S
M TP 9 : : HeE =
X ’E’j‘ﬁ% M) 520 y 77 Logic form = F(query + graph schema) —n
T R 15 AR Veﬁ@\r p FAF query
Information Ext ion 1. B R UE R I e e A
e A e | e St 1 Bt 3 cnne)seen) get _spo(s=s1:7EE1H - iF Bk | B 55 Ip -, p=p1: A BHIEH,
[f*ﬁf%f BTN | oo @ese o=t HHHEN)
UEIPHE GESERLRE) sone Davew: 2. WAL 75 A I ]
verify(left_expr=o1, right_expr=7&£iziikBH, op=fL%&")
UIE+HE &+ i [ 8 | 2 \ Y.
WAL R (RLERS) )
1 D 4 ) e )
Online2. Retrieval Online3. Generation
LA DT i V4 3 [X A | g ~
ERIENBE GESHIE) Vector Retrieval | Math: Count/sum/ [ erenas
J ‘%ﬁgﬁ&i ) SRR Semantic Retrieval \SOl”t/ calculate/----- ' crerator
"3 383 173 . E e E
T \T{E@Tﬁ}:: Text Retrieval . | NLI: has_property/is a/ J Answe.r
HFE M EISHE St EE | (PatphEw || lenRiment ) Generation
ESUEEMERE: queryRIBIIEAAIER | Bxccutor [HATE R ) RIE RN
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&E" A

including roulette, blackjack

. —— u
BEoEE BRI SR, e (D) EXREEApp A
73\N\ = -l‘E I l_l_ /_~E I\\\ 1l Z 1 ~ Ju/Arnss -
— AN \+ /‘_ Y
FKZNE, HEXERBOEESN J& N IEE :
- Y >
Eﬁ gé{’ 17_‘5 ?W)\%TE 'L/E' l B—L Define (s:App)-I[p:belongTo]l->(o: Tax0fRiskApp'/ GamblingApp ) {
- I ‘ ¢ " ° Structure {
2 (s)
Person }
Constraint {
‘0 R1("risk label marked as gambling") s.riskMark like "%Gambling%"
Mobile Phone }
lﬁl RiskApp Category }
RiskUser Category
- -
0o y, 8 FraudApp
- (] ngApp . ) ~ o
Aop ,: Bl RiskMining MREERE FIREEa) &
/
entity-concept relationship Concept Graph
S IND#belongTo 4 'rducing from instance IND#bsiongTo
HYP: Hypernym ; g h z ’ + ﬁggﬂ ;qiﬁ
IND: Induction has as
Jobs Ny ae = has install oo
'ﬁ' install **chat ’ﬁE%iﬁ ﬁml&ﬁ ?i*;ﬁjﬁ g**%éﬁﬁl-lzﬁ
= 06:8A:** oo
'ﬁl install 0o
Entity Inst 06:9A:*** -
ntity Instance game { O BHEEERG ]
I | .
o J:HJ l:l3 *% C g © Fla@n
Device 3 Rl A PA
/ @
///1d1\$\ '
. ) installedApp App: GamblingGame Q
id: com.Yirmf.MZx.NKC.Xqp || roulette .
92 label: gambling offers/ ' Log ICaI Form 2 KG DSL ¥
‘;) installedAp EQ ] © FlajR2
Tom d3 . offer\ GamblingGame
' . . Al E
hasDevice ) ’ ! " l ]L@
— source ! -
\CM . Chunk: source e
s ; =1 B - =N 7N
) ., summary:the application offers |, _source [o] - %**E”;}’Em&u
45 . multiple gaming options, g K¥ . U‘ﬁ’rﬁAppﬁ&‘%‘
/. o I\ <r

(2) EX"App;

define app developper rule

Define (s:Person)-[p:developed]—>(o:App) {
Structure {
(s)-[:hasDevice]l —>(d:Device)—[:installl—>(o0)

s
Constraint {

deviceNum = group(s,o0).count(d)

R1("device installed same app'"): deviceNum > 5
¥

L \%% PN I e AR TSI VM LA )

ETXER

SPO Retriever

logic_form expression:

> get_spo(s=sl:BAA[Fxx] ,p

spo retrieved:

['(Z** belongTo IE1EAppF & E)'].
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ANT OPEN SOURCE

HotpotQA 2WikiMultiHopQA MuSiQue
kag Framework Model EM i EM i EM i
NativeRAG [35, 34] ChatGPT-3.5 43.4 ¥ 1) 33.4 43.3 15.5 26.4
—— examples HippoRAG [12,34] | ChatGPT-3.5 41.8 55.0 46.6 59.2 19.2 29.8
——— 2WiIKi IRCoT+NativeRAG | ChatGPT-3.5 45.5 58.4 35.4 45.1 19.1 30.5
—— hotpotqga IRCoT+HippoRAG | ChatGPT-3.5 | 45.7 59.2 47.7 62.7 21.9 33.3
__ medicine IRCoT+HippoRAG | DeepSeek-V2 51.0 63.7 48.0 57.1 26.2 36.5
. KAG w/ LFS,.y, DeepSeek-V2 59.8 74.0 66.3 76.1 354 48.2
——— musique KAG w/ LFSH,,;, DeepSeek-V2 62.5 76.2 67.8 76.2 36.7 48.7
riskmini ”_9 Table 8: The end-to-end generation performance of different RAG models on three multi-hop Q&A
—— builder datasets. The values in bold and underline are the best and second best indicators respectively.
—— data
—— indexer.py . .
—— kag_config.cfg Retriever t0ipot bt o
Recall@2 Recall@5 | Recall@2 Recall@5 | Recall@2 Recall@5
- feasoner BM25 [36] 55.4 722 51.8 61.9 32.3 412
—— client.py o | Contriever [37] 57.2 75.5 46.6 57.5 34.8 46.6
L—— gambling_app.dsl £ | GTR[38] 59.4 73.3 60.2 67.9 37.4 49.1
- cchema £ | RAPTOR [39] 58.1 12 46.3 53.8 35.7 453
|7_ RiskMining.schema O% Proposition [40] 58.7 71.1 56.4 63.1 37.6 49.3
L concept.rule NativeRAG [35, 34] 64.7 79.3 59.2 68.2 37.9 49.2
' HippoRAG [12, 34] 60.5 17 70.7 89.1 40.9 51.9
L SO|Ver IRC
oT + BM25 65.6 79.0 61.2 75.6 34.2 447
—— prompt 8 | IRCoT + Contriever 65.9 81.6 51.6 63.8 39.1 52.2
—— ga.py _,.-; IRCoT + NativeRAG 67.9 82.0 64.1 74.4 41.7 53.7
= IRCoT + HippoRAG 67.0 83.0 75.8 93.9 45.3 57.6
: KAG 72.8 88.8 65.4 91.9 48.5 65.7
—— supplychain

Table 9: The performance of different retrieval models on three multi-hop Q&A datasets
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HippoRAG ZEXL[&FEESH EM: 0.457 - Eidrdf HEX + EXHEMRGD, TREEAE

(-L:F{Ejj-—t EM. F1) F1:0.592

A ZBEY, @iddpr + ppr S Chunk B [E

AMAEX. BE. FSFERIESR®

LightRAG *@Fiiﬁﬁﬁﬁfi Mo . ERrdf BT (%) IR E
("L - . .
SR, TRANE) 481D . EEHER, BidXquery RETEE M. SR BRI Chunk Z

Tokens: 177.23 5

O

AFAEX. ZE. FSFEESARK

el ingg%ﬁ EM: 0,625 . BFMREMR. EXXF . XAELRI S TR AR
 (EsEM, Fu) FERT 4232 - EFEZEHSIISHRARE INELAELBERERES,

Tokens: 227.6 75
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https://github.com/OpenSPG/KAG
https://github.com/OpenSPG/KAG/blob/master/README_cn.md
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