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Bob is cold. Bob is not nice. Bob is not quiet. Charlie is blue.
Charlie is round. Gary is rough. Harry is cold. Rough things are
blue. Red, quiet things are blue. All rough, blue things are nice. If
something is quiet and round then it is not nice. If Harry is red
then Harry is rough. If something is nice then it is round. If
something is round then it is red. Red things are not quiet.

Based on the above information, is the following statement true,
false, or unknown? Gary is red.

False. Gary is rough, and according to the give
n information, rough things are blue, not red. T

herefore, Gary cannot be red.

g T R R I

Gray is rough

rough things are blue —
blue things are nice « |

y /

nice things are round <

round things are red
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How to follow external rationale?
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import sympy as sp

# EXFSTE

P, r, t = sp.symbols('P r t')
# SREE/AN

FV = P % (1 + r)*xt

# KAREEE

P_value = 10000 # YEEE
r_value = 0.05
t_value = 10 # BRBRER

# ITHEE

final FV = FV.subs({P: P_value, r: r_value, t: t_value})
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print(f"EFf&{EN: {final_FV.evalf(2)

Level-4: %Rl
(3REE. V3%, BAEIHEEE )

How to discover hidden rationale?

Retrieval Augmented Generation [RAG) and Beyond: A Comprehensive Survey on How to [Make your LLITIs use External Data [More Wisely https://acxiv.org/pdf/2409.14924 Microsoft Research Asia 2024


https://arxiv.org/pdf/2409.14924
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Knowledge Alignment

AN KAG-Solver

_______
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~
~
~
~
~
~
~
~
~
~
)

KG Reasoning
s Reasoner LLM Reasoning

"‘ » ‘g‘/ﬁ Plan & Retrieval & Memory i

oI
(7 SPG * Generatgr Refleg =
LLM Friendly Knowledge | N\

Representation & - Alignment with KG Feedback

KAG-Builder Mutual Indexing

A A

Documents

@ KAG-Model NLU NLI NLG
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Object facts

Relationship between
object, concept

Structurg)

Rules e
Procedure

\ ..

Knowledge

TRIBXY 77 485 S —

/ | Schoolis i
i institutian designed to E
| provide learning sapces... #

Teacher
:l S School
] A Person
- HighSchool
N asProperty Professor
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educational

TaxoOfPerson TaxoOfInstitute

description
bindTo

University
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Coverage Ratio of different layers in a KAG application

R =100%

A
[ \

e

R(KGes)  R(KGr) R(RC)

Rigorousness

Accuracy (Knowledge; Schema-Constraint)

Higher ratio of the left part:
» higher professionalism

(e  higher accuracy

Information

(dynamic, ad-hoc) | * ;’ Completeness (Information; Schema-Free or Semi-Schema) - higher difficulty of construction
L "’m‘. ‘ Higher ratio of the right part:
S 0 Mo « lower professionalism
po!b}? ‘ i RC - lower accuracy
9_ C/;Un—;-{-. T B e e e e e Ts] » lower difficulty of construction
S

* FTFERSPGAE M ANIRE R 3FBUANR 2 L LITIFriSPG
# yarS5chemaZ AR llga5chemaA T s &

L HNIR S X AR G 2 5] 2514
%Mﬁﬂ7¥@ﬂwﬁg\hﬁ%LMM§.$$?H$%#
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KAG - Indexing Structure

EntityType

O‘ concept.rulg
std.(p)
<—-—

Information

(structured)

desf\l |

Knowledge
(static, predefined)

KAG - Indexing instance of Jay Chou

Person

Organization

O

Tamkang Middle School

» chinese male singer ———

Concept il belongTo

O

Capricorn

Keyword : New Taipei City, Taiwan Province......

O BN o 1Jay Chou, is a Chinese famous musician.Since .
LR \ 12000, he has released many albums..... .

Mllitary Figures
Political Figures

| Culture Figures
| Writer |
| Painter
| Musician_|

Organization[ZA£R1if4): EntityType
properties:

id[F#): Text

index: TextAndVector
name(ilig2 ): Text

Index: TextAndVector
desc(#mut]): Text

Index: TextAndVector
sernanticType(ig X 2 8Y): Text

Person( A#)): EntityType
properties:

id(F#): Text

index: TextAndVector
name(#t]: Text

index: TextAndVector
desc(#auh): Text

index: TextAndVector
school (5l Briss): Organization
gender [1%Al): Text
sermnanticType(ig X 2 24): Text

Works(fEda]): EntityType
Concept(iff,x]): EntityType
Geolocation(#hfE(y & ). EntityType
Chunks(XZ2E&5%&]): EntityType
Others(H E): EntityType

default.schema
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KAG Index Diffusion s gminge  * BgE-m3
1 ASHRBNE g 1.2) = 0.85 SimiL(13) = 0.776

s 24t 1o RINRE
BREN 5 gagmimes .
yig A, Bkl  Qwen3-embedding

A 5imil.(1,2) =0.740, Simil.{13] = 0.579
7\ +A 25 M 10 - Bge-m3
gggﬁgﬁgg 1. 2024#E5H8302  Simil[1,2) = 0.834, 5imil.(1,3] = 0.871
3 BfZiE0; 2. 20234E5H302
3. 2024F6H15 - Qwen3-embedding
Simil.(1,2] =0.935, 5imil.(1,3) =0.604
s _ 1. FIEE715E - Bge-m3
< B 18] 28] > :CXAKF§%> 2 RIEE17R Simil.(1,2) = 0.62, Simil.(3,4) = 0.978,
5imil.(3,5) = 0.841
ﬁe’r’))&ﬁﬁ%‘%ﬂﬁqﬂ HFiZ Xigf HEHE 3. @Mm190T
Bf 2= 5 {if B o] &2 M HIR = 4. %1900t - Qwen3-embedding
AW 5. EE2005T Simil.(1,2] = 0.789, 5imil.(3,4]
MERIstal, #5 =0.990, 5imil.[3, 5) =0.964
X ity 2 gt 1 2E o] #2
 Bge-m3
] 1. IFRRGIEMER  Simil(1,2) = 0.60, 5imil.(13) = 0.80
SC{h BiEtEf; 2. 1203

3. HUWR18M &R + Qwen3-embedding
S5imil.(1,2) = 0.558, 5imil.[1,3) = 0.67
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During the Civil War, Secretary of the Navy, Gideon Welles,
led the Northern Navy and decided to launch an attack on New
Orleans.

.

Open-IE
(Gideon Welles, is, Secretary of the Navy)
(Gideon Welles, lead, Northern Navy)
(Northern Navy, attack, New Orleans)

4 Repository N

Document 1 : 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.

Document 2 : Republicans regained control of the chamber they had lost in the 2006
midterm election ...

Semantic Enhance

Ontology Labeling

(Northern Navy, belongTo, Organization)
(New Orleans, belongTo, GeographicLocation)
Hyper-concept Generation

(Secretary of the Navy, isA, government officials)
(Civil War, isA, war)

Concept connection

(government officials, has, political party)
(war, has, casualties)

(war, has, results)

(political party, has, leader)

Synonym Generation

(Civil War, synonym, War between States)

fN IS S AR E 8

IE7 Eﬁfl% rl-n_\ if/\

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

—

pp—

(s N

emantic Retrieval Syntax

Stronger
. upgrade the rights of measures
Aﬁ'lCEl.n < Republicans ——  The South
Americans
S J
P
/ Semantic Graph Indexing \
caments |
upgrade the rights of Belong to Re -
: : P . publican
African Americans <« Republicans —_-—> Party 1 |
m slavery
has
Confederat \ Bring back
nfederate - .
States of America The South < . Abraham Lincoln
gain
about COM
/7 /
American Civil War

Chamber —» Government

g XIg AR EBE . FFRIRE

Step1: What's the name of the political party that that favored harsh
punishment of southern states after the Civil War?

Action1: Retrieval(s=s1: political party, p=p1:punish

, 0=01:Location[southern states])

Step2: Which institution did the political party take control of in 2010?

Agency
Document 2 II J

\ActionZ: Retrieval(s=s1, p=p2: control, 0=02: Institution) .
T
\%Antic Retrieval Scorer )
. IsA >
Republican Party —— > Political party
| » . . synon
American Civil War Civil War
T
Government Agency
}’ Institution
Chamber
LY A
[ Generation j

Flel@ 5 IR K5l

H FLogical-formii 75
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Question: Zhangfound a wallet on the street, which contained 5,000 yuan in cash and a credit card. Zhangtook the cash and used the
credit card to make purchases at four stores: A, B, C, and D, for 210.4 yuan, 569.2 yuan, 1035.3 yuan, 2044.5 yuan, and 1035 yuan,
respectively. After the incident, the public security authorities determined that Zhang was suspected of embezzlement and credit card fraud.
What is the totalamount involved in the credit card fraud charge against Zhang?

_—

Retrieve the elements of the
offense of credit card fraud.

]

rldentify which amounts are considered
kpart of the credit card fraud amount.

(Calculate the total amount involved
kir'. Zhang's credit card fraud.

Retrieval (s=s1:0ffense chan%'_ijuniirzra we;\l!e;c_l €0 Ui ?treet...] ’ target=Calculate the totalamount rOutput (math1)
[credit card fraud], arget=igentity which amounts are involved in Zhang's credit card
p=pl:found, o=01:elements) considered part of the credit card fraud fraud.) —> math1
@mount)—> deducer .
Qa Executors
Q Retrieve Executor @ Deduce Executor -]  Math Executor
=] Generate python code
—_— namounts =[210.4, 569.2, ...,1035]
¢ I v :—; ] [EX“ — ] [ sl ] ntotal_amount = sum(amounts)
g » =

Graph & Embedding Index

Planner \.

-
Output the totalamount
involved in Zhang's

\hcreditcard fraud.

[Deducs (op=EXTRACT, content=[o1,

/
Math (content=[0o1, deduce1],

| seLect ||

print(f‘totalamount involved in Zhang’s
] credit card fraud: {total_amount:.2f}yuan')

ol = “The elements of the offense
of credit card fraud include the fol

lowing points: 1....

deducel = “The totalamount involve
d in Zhang's credit card fraud is 210.

4 yuan, 569.2 yuan, 1035.3 yuan, 20

44.5 yuan, and 1035 yuan.

math1 = “The totalamount involv
ed in Zhang'‘s credit card fraud is
4894.40 yuan.

Amount: 4894.40 yuan.

Question

Planner
devide devide
e /\ s r\ A
Sub-Q, ledep Sub-Q, —~dep Sub-Q,
LogicForm-Q), LogicForm-Qy LogicForm-Q,

dsl
on spg graph

KG-Reasoning

Reasoner &
Retriever

P

SPG

dpr & ppr
on spg graph

Chunk-Retrieval

Memory




A KAGHIEIEZR:

ZiE1T =9l FH Sl

N b A sy NG

2 Sal TG AR, ke P ol 01258 45 i il

Function Name | Function Declaration
Retrieval Retrieval(s = s; : type[name|,p = p; : edge,o0 = o; : type|name|,
s.prop = value, p.prop = value,o.prop = value)
Sort Sort(A,direction = min|max,limit = n)
math; = Math(expr),
Math expr is in LaTeX syntax and can be used to perform operations on sets.
e.g. count: [|A|[, sum: YA
Deduce Deduce(left = A,right = B,op = entailment |greater|less|equal | judgement)
Ask(content = c,op = choice|answer),
Ask Generates a query to the user based on the previous content. op represents the
option to return a selective or answer query.
Outpput Out put(A,B,C,...)
Table 1: Functions of logical form.
[ BITENE } Chunk

hypernym prediction

DI R
EREA SR T

| [Eﬁﬁi$%@&ﬁ%§%§?ﬁﬁﬁ
7 FESER

THFEHAX

I | eeshmesr | L AASHIERERE
EaNTaz:d

EE (149) 32....... Logic form = F(query + graph schema)

1TEXK!

@ N
| BB ER D B

Retrieval(s=s | -{EIEETRISF/FIE S,
p=pl:#4FHIERR, o=ol:#4HHIERR)

I EN R XARE
FEE (ELER)

XIS 2. Flra el R A S E ke
DIID! Deduce(left=01, right={F1sEUEAH, op=entailment)
o @,

UIE+HESHEE+MEN [EYEE5]]

AR RRR R ERI S BT S ER T

Did Olivia Wilde's work period start after 1983?

Step1: Identify the work period of Olivia Wilde.

Actionl: Retrieval(s=s1:Person[ Olivia Wilde' |, p=pl:workPeriodStart, o=o01:Y ear)
Step2: Compare the work period start year to 1983.
Action2: Deduce(op=judgement) B BEEHIESLLMAE Y ISIE
Doctor, I have been experiencing sudden and frequent panic attacks. I don't know what to

do.

Stepl: Identify the symptoms experienced by the patient.

Actionl: Retrieval(s=s1:Patient, p=pl:experiences, o=o0l:Symptom[panic attacks],
o.frequency=frequent, o.onset=sudden)

Step2: Determine the possible causes or triggers for panic attacks.

Action2: Retrieval(s=ol, p=p2:associatedWith, 0=02:Cause)

Step3: Suggest potential treatments or interventions for panic attacks.

Action3: Retrieval(s=o1, p=p3:treated With, 0=03:Treatment)

Step4: Output the suggested treatments.
Action4: Output(o3) T8 EfrSHHEERaEs

How many towns' postal code is VLT and area is less than 530 square miles?",

Step1: Identify towns with postal code VLT.
Actionl: Retrieval(s=s1:Town, p=pl:postalCode, o=o01:PostalCode[ ' VLT"])
Step2: Filter towns with area less than 530 square miles.
Action2: Retrieval(s=s1, p=p2:area, 0=02:area, o.area<530)
Step3: Count the number of towns that meet the criteria.
Action3: Math(count(s1))

Step4: Output the count.

Action4: Output(sl)

Bl ERFRISEITE
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KAG-Thinker Model: Corpus Synthesis and Training Pipeline
/’
Breadth Decomposition Depth Solving
r N r 3
[ __Squ_NLI { .:_I.subq_NLI } Knowledge Boundary
- ~ A ° subq_EXP; i bq_EXP; 1 anw-q; =« > anw-q: ]
question / ) : D _
L LLM internal External REtI!'lE".FEI'J
I v 1 p .| Multi-Turn Interactive
Q : 1 Ao __ subq_NLi1 Focusing Reasoning SFT
: \ ;"J :-':.:.-..__"'lzsubq_E:’fPu &
‘ — : Reasoning
L ) y ‘\x\ Subq _NLH _,"‘ “\ Subq _HLH "; 1‘\ ' Subq _NLIZ 1 rn1
LLMs ~ subq_EXPy ~ subq_EXPy ~ subq EXP1z | L J l
\, J \ >
Logical Form Dual Representation [P P— -
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KAG Index: Automated construction of domain knowledge
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Which film has
the director
who died first,
Hit Parade Of
1947 or Khiladi

4207
/'y

&G

LLMs

Data Evaluation

WIKIDATA

NQ/HotpotQA

Input

KAG-LogicalForm Prompts

You are an expert in function calls, capable of ...
Function Name: Retrieval...
Function Name: Math...

Function Name: Deduce...
Function Name: Output...

T ——

-

’

Stepl: Who is the director of Hit Parade Of 19477
Actionl: Retrieval(s=s1:film[ Hit Parade Of 1947],
p=p1l:director, o=01:director)

'

Step2: When did #1 die?
Action2: Retrieval(s=01, p=p2:deathtime,
o=02:deathtime)

-
Step3: Who is the director of Khiladi 4207
Action3: Retrieval(s=s3:film[ Khiladi 4207],

_ p=p3:director, o=03:director)

'

-
Step4: When did #3 die?
Action4: Retrieval(s=03, p=p4:deathtime,
| 0=04:deathtime)

fStEpS: Which film was directed by the director )
who died first according to #2 and #47?
Action5: Deduce(op=choice, content=[ 02", 04'],
target="which film was directed by the director
\_who died first according to 02 and 04')->05 -
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Answer Generation: Can you answer the following
question step by step?..->Mary Loos

Prompt-based Confidence Assessment: Analyze
whether the answer to the following question is
correct?...->True

Likelihood-based Confidence Assessment:->False
Conclusion: Search

<«

-

<search>Step1: Who is the director of Hit Parade
0f 19477\nAction1: Retrieval(s=s1...)</search>

I

<references>[0]Hit Parade of 1941...[1]The Hit Pa
rade (film)...[2] Your Hit Parade...<references>

I

<think> The information is about the film "Hit Par
ade of 1941", but I need to find the director of the
1947 film. [ will refine the search ...</think><sea
rch>Stepl: Who directed the 1947 film Hit Parad

\e? \nActionl: Retrieval(s=s1...)</search>
My

<think> After searching, [ have found that the
director of ... is Frank McDonald. [ will now
provide the answer </think> <answer> \\boxed
{Frank McDonald}</answer>

J

Depth Solving

pul T

Probability

Summary
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(fomr=E) (R1aARK) User: American Airlines Flight 11 was flying away from the User:

Step 1: The airport from which American Airlines Flight 11 was
flying? Actionl: Retrieval(s=s1:airline[ American Airlines Flight 11°],

. =p1:fly & =0]:air 't
LLM: New York City p=pl:tly away, o=ol:airport)

airport in what major city?

LLMs B FIAH U R

LLM:: Logan International Airport

Almost never seen logits I I I Often seen
(11

accumulation User: The major city associated with $1?
o —— %0 Actionl: Retrieval(s=s1:city, p=p1l:associated with, o=01)
oo ogogo 4 56 . : :
Logits 2@,“ ¢ LLM:: Boston
./(\d =
The strength of evidence i{/);:’? o
softmax accumulation is lost during o & 7
normalization &’00
. S
Probability tokens confidencep.gs| |10 tokens confidence 0.95 ‘
I = I >
1111 1111 P [IRRA IR, IREREFEDE, [EiFixH confidencesitt #ZLogical-formiyE£0R k2 ol&k, [BIEFIEtHHE confidence’kia
Same probability distribution x
LLIMsXS 2k ER @ 5l I 3 BU AR 2= 2 1
BB EiRlogits
Cited from Estimating LLIM Uncertainty with HZEZMIE: Can you answer the following questions step by step? If you can, wrap your answer with <answer>\\boxed{your answer}</answer>. If you can't,

Logits 2025 just reply that based on my internal knowledge, | can't answer this question, | need to retrieve external knowledge. \nQuestion: 5tep1: when does ellen's new
game show start\nActionT: Retrieval(s=sT:.show| Ellen's [New Game Show '], p=pTl.startDate, o=07:.date)

<think>=based on my internal knowledge, | can't answer this question, | need to retrieve external knowledge.</think>



Stability Score

‘A KAG-Thinker i284% ' '
Fa\ INKer I'% L5 S 1/ Single-Hop QA Multi-Hop QA Avg
NQf TriviaQA* PopQA* | HotpotQAT 2Wiki*  MuSiQue* Bamboogle®
Naive Generation 0.134 0.408 0.140 0.183 0.250 0.031 0.120 0.181
CoT 0.048 0.185 0.054 0.092 0.111 0.022 0.232 0.106
Search-o1 0.151 0.443 0.131 0.187 0.176 0.058 0.296 0.206
, IRCoT 0.224 0.478 0.301 0.133 0.149 0.072 0.224 0.226
=== KAG-V087B === KAG-V0.872B === KAG-V0.8 w/ Thinker 7B+72B N
o . Naive RAG 0.349 0.585 0.392 0.299 0.235 0.058 0.208 0.304
HotpotQA 2Wiki Musique
o] Lo Lol R1-Gen 0.270 0.537 0.199 0.237 0.292 0.072 0.293 0.271
0ol T 0ol - 0906 ey 0ol ®e Search-R1 0.393 0.610 0.397 0.370 0.414 0.146 0.368 0.385
.~ “*--h__O_-&%?M_Q&m NN TR 0S8 | « e . ZeroSearch 0.436 0.652 0.488 0.346 0.352 0.184 0.278 0.391
D ey AN IR o Ry TR RN B S DN S g StepSearch : : - 0.386 0.366 0.226 0.400 -
0.7 S _D_&;'{ £ %7 R I S T L < Y ReSearch 0.407 0.611 0.423 0419 0.412 0.205 0.400 0411
06 TN %o 2061 Laall \”@-%7_6__9._.’;(38____: KAGThinker 0.450 0.642 0.484 0.421 0.469 0.221 0.480 0.452
05 05 05
Table 7: EM performance of different models on Qwen2.5-7B-Instruct. The best performance is set in bold. T/*
041 ‘ ‘ . . . 04 ‘ : ‘ ‘ . 041 : ‘ ‘ : ‘ . ) . .
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10 represents in-domain / out-domain datasets. In contrast to other baselines, StepSearch and ReSearch employ the
Different Temperatures Different Temperatures Different Temperatures Musique dataset fOI' trainjng
Figure 5: Stability under different temperatures. N i
BETHEBMN (NEFE) HOAKIES
LLM Methods MedQA
Naive Generation Qwen et al. (2025) 58.33
Naive RAG Lewis et al. (2020) 61.54
over con f | d ence Meta-LLAMA-3.1-8B-Instruct Naive RAF}+aldapt1ve Jeong et al. (2024) 61.33
IRCoT Trivedi et al. (2023) 62.67
14.00% ReAct Yao et al. (2023) 39.22
12 00% KAG-Med-Thinker 74.00
10.00% Naive Generation Qwen et al. (2025) 84.00
8.00% Naive RAG Lewis et al. (2020) 81.67
6' 00% Qwen2.5-14B-Instruct Naive RAG+adaptive Jeong et al. (2024) 85.00
4' 00% IRCoT Trivedi et al. (2023) 82.33
' ReAct Yao et al. (2023) 86.20
2.00% +60% KAG-Med-Thinker 87.00
0.00% \ . 1 Naive Generation DeepSeek-Al et al. (2025) 79.67
token Prob  #TE&token H&token B Ranswer logicalform Naive RAG Lewis et al. (2020) 79.00
Prob Prob DeepSeek-R1-Distill-Qwen-14B Naive RAG+adaptive Jeong et al. (2024) 81.48
IRCoT Trivedi et al. (2023) 81.33
—over confidence ReAct Yao et al. (2023) 80.87
KAG-Med-Thinker 85.28
Thinker Eé&% =] /ﬂ E]/‘j Q A ?zv)/( ]EE % i /ﬁ%iﬂj ﬂ /_XE 5 TE % éf [ ZN %U ,E 5 =N %U )E ] Table 10: Accuracy of different models on the MedQA dataset. The best performance is set in bold.
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KAG-Thinker inference with multi-turn interactive reasoning

Inference Time Function Calling

[ Retrieval ] - [ Deduce ] [ Output J
Thinker @‘ Z:]

Model Service Hybrid Graph Math Deduce Output
Retriever Executor Executor Executor

Figure 4: Overview of KAG-Thinker multi-turn interactive thinking and deep reasoning.
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Github: https://github.com/OpenSPG/KAG-Thinker

Github: https://github.com/OpenSPG/KAG

Github: https://github.com/OpenSPG/openspg
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