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Limitation of LLMs

• LLMs are strong, but still unreliable for knowledge-intensive reasoning

• LLMs often struggle with: 

‒ outdated knowledge, multi-hop reasoning, hallucinations, lack of transparency and 

responsibility 

• These limitations become more serious when the task requires deep reasoning 

over factual knowledge

• A natural solution is to introduce external knowledge graphs (KGs), which are: 

‒ structured, explicit, editable, easier to update than model parameters
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Combining LLM and KG

Large Language Model

• Better cognition and reasoning Ability

• Multi-task universality and AGI

• Strong learning and memorizing ability
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Knowledge Graph

• Structured knowledge for reasoning

• Explainable, traceable and correctable

• Faster update of knowledge and data

Enhance KG Reasoning

Improve LLM Resoning

1. Introduction



Existing paradigms

• LLM ⊕ KG

‒ The model retrieves KG facts and appends them to the prompt 

‒ Problem: this “loose-coupling” depends heavily on exact KG schema coverage, so if 

a needed relation is missing, reasoning fails
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1. Introduction

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

(Chain-of-Thought Prompt): Let’s think step by step.
Response: Canberra is the capital of Australia. According to my knowledge up to September 2021 the prime minister of Australia is Scott Morrison, who is a 
member of the Liberal Party. So the answer should be Liberal Party.

LLM-only

❌

(a)

(Prompt): Please generate a SPARQL query for this 
question.
Response: SELECT ?country ?party WHERE {
?canberra dbprop:isLocatedIn ?country .
?country dbprop:majorityParty ?party .
}

Response: Sorry, based on 
my query result from the 
knowledge base, I cannot 
answer your question since 
I do not have enough 
information.

Canberra

Australia Labor Party

isLocatedIn
majorityParty

[not exist]

Canberra is located in 
Australia.

Majority party in Australia is 
Not FoundRetrieve Prompt

LLM ⊕ KG

❌(b)

Looking for 
triples related 
to Canberra

The most relevant one is (Canberra, 
capital of, Australia). Information not 
enough for answering the question. 
Looking for triples related to Australia

The most relevant one is (Australia, 
prime minister, Anthony Albanese).

I know that Anthony Albanese is from 
Labor Party.
Enough information is collected for 
answering this question.

Canberra Australia Anthony 
Albanese

has been leader of 
the Australian Labor 
Party (ALP) since 
2019 and ……

capital 
of

prime minister The answer is Labor Party

“Think”

On graph On graph LLM-inherent   knowledge Conclude

LLM ⊗ KG
“Think”

✅

(c)

“Think”



New paradigm

• LLM ⊗ KG (ToG)

‒ The LLM actively participates in the reasoning process over the graph (“tight-

coupling”)

‒ It can explore alternative paths and combine KG evidence with its own knowledge
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Think-on-Graph (ToG)

• The paper proposes a new paradigm: LLM ⊗ KG 

• Under this paradigm, the LLM is not just a translator or answer generator 

• Instead, it acts as an agent that: 

‒ explores relevant entities and relations on the graph 

‒ evaluates candidate reasoning paths 

‒ decides whether enough evidence has been collected 

‒ generates the final answer from the explored paths
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Advantage of ToG
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• Deep Reasoning

• Responsible reasoning

• Flexibility and efficiency

1. Introduction



Method: Think-on-Graph
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Think-on-Graph Framework

1. Initialization of Graph Search

‒ Extract the topic entities from the question

2. Exploration (Relation Exploration → Entity Exploration)

‒ Search neighboring relations and entities on the KG, then expand multiple candidate 

reasoning paths 

3. Reasoning

‒ Use the LLM to evaluate which paths are most promising, then keep the top paths 

and discard weak ones 

‒ Check whether the current paths are sufficient to answer the question

4. Generation
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2. Method



Overview
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2. Method

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

Canberra capital of
country

territory

continent

Australia

part of

Labor Party
Answer

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 AlbaneseGenerate

prime 
minister

central bank

...

Anthony 
Albanese

head
government

Prime Minister 
of Australia

Depth 1
Depth 2

Reasoning paths

Prune

Australia

political party
occupation

Labor Party

officeholder

Politician

citizenship
Depth 3

Anthony 
Albanese

Prime Minister of 
Australia

Australian Capital 
Territory

Canberra
capital of

Australia
Anthony 
Albanese

Prime Minister 
of Australia

head government
offic

e-

holder

Politician

occupation

Labor Party

Enough Information

Australian Capital 
Territory

Australian Capital 
Territory

country

country

Not 
Enough 

Information

Not 
Enough 

Information

Depth 1 Depth 2
Search

Depth 3

…

territory
continent

part of

country
prime 

minister
continent

central 

bank

citizenshippolitical  party

…

continent

0 1.00.50 1.00.50 1.00.5

Reasoning

Search Search

Prune Prune

Reasoning

Reasoning

…

Canberra

Canberra



1. Initialization of Graph Search 
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2. Method

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

Canberra capital of
country

territory

continent

Australia

part of

Labor Party
Answer

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 AlbaneseGenerate

prime 
minister

central bank

...

Anthony 
Albanese

head
government

Prime Minister 
of Australia

Depth 1
Depth 2

Reasoning paths

Prune

Australia

political party
occupation

Labor Party

officeholder

Politician

citizenship
Depth 3

Anthony 
Albanese

Prime Minister of 
Australia

Australian Capital 
Territory

Canberra
capital of

Australia
Anthony 
Albanese

Prime Minister 
of Australia

head government
offic

e-

holder

Politician

occupation

Labor Party

Enough Information

Australian Capital 
Territory

Australian Capital 
Territory

country

country

Not 
Enough 

Information

Not 
Enough 

Information

Depth 1 Depth 2
Search

Depth 3

…

territory
continent

part of

country
prime 

minister
continent

central 

bank

citizenshippolitical  party

…

continent

0 1.00.50 1.00.50 1.00.5

Reasoning

Search Search

Prune Prune

Reasoning

Reasoning

…

Canberra

Canberra

Topic Entity



2-1. Relation Exploration
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2. Method

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

Canberra capital of
country

territory

continent

Australia

part of

Labor Party
Answer

1. Canberra -- capital of -- Australia -- prime minister -- Anthony Albanese -- political party -- Labor Party
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prime 
minister

central bank

...

Anthony 
Albanese

head
government

Prime Minister 
of Australia

Depth 1
Depth 2

Reasoning paths

Prune

Australia

political party
occupation

Labor Party

officeholder

Politician

citizenship
Depth 3

Anthony 
Albanese

Prime Minister of 
Australia

Australian Capital 
Territory

Canberra
capital of

Australia
Anthony 
Albanese

Prime Minister 
of Australia

head government
offic

e-

holder

Politician

occupation

Labor Party

Enough Information

Australian Capital 
Territory

Australian Capital 
Territory

country

country

Not 
Enough 

Information

Not 
Enough 

Information

Depth 1 Depth 2
Search

Depth 3

…

territory
continent

part of

country
prime 

minister
continent

central 

bank

citizenshippolitical  party

…

continent

0 1.00.50 1.00.50 1.00.5

Reasoning

Search Search

Prune Prune

Reasoning

Reasoning

…

Canberra

Canberra

Relation Search
: Search all relations linked to “Canberra”



2-1. Relation Exploration
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2. Method

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

Canberra capital of
country

territory

continent

Australia

part of

Labor Party
Answer

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 AlbaneseGenerate

prime 
minister

central bank

...

Anthony 
Albanese

head
government

Prime Minister 
of Australia

Depth 1
Depth 2

Reasoning paths

Prune

Australia

political party
occupation

Labor Party

officeholder

Politician

citizenship
Depth 3

Anthony 
Albanese

Prime Minister of 
Australia

Australian Capital 
Territory

Canberra
capital of

Australia
Anthony 
Albanese

Prime Minister 
of Australia

head government
offic

e-

holder

Politician

occupation

Labor Party

Enough Information

Australian Capital 
Territory

Australian Capital 
Territory

country

country

Not 
Enough 

Information

Not 
Enough 

Information

Depth 1 Depth 2
Search

Depth 3

…

territory
continent

part of

country
prime 

minister
continent

central 

bank

citizenshippolitical  party

…

continent

0 1.00.50 1.00.50 1.00.5

Reasoning

Search Search

Prune Prune

Reasoning

Reasoning

…

Canberra

Canberra

Relation Prune
: Select top-𝑁 relations by using LLM

✅

✅

✅

Current Reasoning paths : {(Canberra, capital of), (Canberra, country), (Canberra, 
territory)}
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2. Method

Question:
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Canberra capital of
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continent
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part of

Labor Party
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prime 
minister

central bank

...

Anthony 
Albanese

head
government

Prime Minister 
of Australia

Depth 1
Depth 2

Reasoning paths

Prune

Australia

political party
occupation

Labor Party

officeholder

Politician

citizenship
Depth 3

Anthony 
Albanese

Prime Minister of 
Australia

Australian Capital 
Territory

Canberra
capital of

Australia
Anthony 
Albanese

Prime Minister 
of Australia

head government
offic

e-

holder

Politician

occupation

Labor Party

Enough Information

Australian Capital 
Territory

Australian Capital 
Territory

country

country

Not 
Enough 

Information

Not 
Enough 

Information

Depth 1 Depth 2
Search

Depth 3

…

territory
continent

part of

country
prime 

minister
continent

central 

bank

citizenshippolitical  party

…

continent

0 1.00.50 1.00.50 1.00.5

Reasoning

Search Search

Prune Prune

Reasoning

Reasoning

…

Canberra

Canberra
Entity Search
: Search all entities linked with pruned relations 
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Question:
What is the majority party now in the country where Canberra is located?
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territory
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government

Prime Minister 
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Reasoning paths

Prune

Australia

political party
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Labor Party

officeholder

Politician

citizenship
Depth 3

Anthony 
Albanese

Prime Minister of 
Australia

Australian Capital 
Territory

Canberra
capital of

Australia
Anthony 
Albanese

Prime Minister 
of Australia

head government
offic

e-

holder

Politician

occupation

Labor Party

Enough Information

Australian Capital 
Territory

Australian Capital 
Territory

country

country

Not 
Enough 

Information

Not 
Enough 

Information

Depth 1 Depth 2
Search

Depth 3

…

territory
continent

part of

country
prime 

minister
continent

central 

bank

citizenshippolitical  party

…

continent

0 1.00.50 1.00.50 1.00.5

Reasoning

Search Search

Prune Prune

Reasoning

Reasoning

…

Canberra

Canberra

Entity Prune
: Score entities for each relations by using LLM.
Then select top-𝑁 reasoning paths

Current Reasoning paths : {(Canberra, capital of, Australia) ,
(Canberra, country, Australia), (Canberra, territory, Australian Capital Territory)}



3. Reasoning

18

2. Method

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

Canberra capital of
country

territory

continent

Australia

part of

Labor Party
Answer

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 AlbaneseGenerate

prime 
minister

central bank

...

Anthony 
Albanese

head
government

Prime Minister 
of Australia

Depth 1
Depth 2

Reasoning paths

Prune

Australia

political party
occupation

Labor Party

officeholder

Politician

citizenship
Depth 3

Anthony 
Albanese

Prime Minister of 
Australia

Australian Capital 
Territory

Canberra
capital of

Australia
Anthony 
Albanese

Prime Minister 
of Australia

head government
offic

e-

holder

Politician

occupation

Labor Party

Enough Information

Australian Capital 
Territory

Australian Capital 
Territory

country

country

Not 
Enough 

Information

Not 
Enough 

Information

Depth 1 Depth 2
Search

Depth 3

…

territory
continent

part of

country
prime 

minister
continent

central 

bank

citizenshippolitical  party

…

continent

0 1.00.50 1.00.50 1.00.5

Reasoning

Search Search

Prune Prune

Reasoning

Reasoning

…

Canberra

Canberra

✅

✅

✅

Reasoning
: Prompt the LLM to evaluate whether the current 
reasoning paths are adequate for generating the 
answer. 
If not, repeat the Exploration and Reasoning steps 
until reaching the maximum search depth.

Current Reasoning paths : {(Canberra, capital of, Australia) ,
(Canberra, country, Australia), (Canberra, territory, Australian Capital Territory)}



4. Generation
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2. Method

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

Prime Minister of 
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Australian Capital 
Territory

Canberra
capital of

Australia
Anthony 
Albanese

Prime Minister 
of Australia

head government
offic

e-

holder

Politician

occupation

Labor Party

Enough Information

Australian Capital 
Territory

Australian Capital 
Territory

country

country

Not 
Enough 

Information

Not 
Enough 

Information

Depth 1 Depth 2
Search

Depth 3

…

territory
continent

part of

country
prime 

minister
continent

central 

bank

citizenshippolitical  party

…

continent

0 1.00.50 1.00.50 1.00.5

Reasoning

Search Search

Prune Prune

Reasoning

Reasoning

…

Canberra

Canberra

Generation : ToG generates the final answer from explored paths 



ToG-R

• ToG-R is a lighter version of ToG.

• It utilizes random sampling for Entity Prune instead of LLM-based evaluation.
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Experimental Results
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Performance of ToG on Knowledge-Intensive Datasets

22

3. Experimental Results



Performance of ToG on Knowledge-Intensive Datasets

23

3. Experimental Results



Performance of ToG on Knowledge-Intensive Datasets
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Performance of ToG on Knowledge-Intensive Datasets
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3. Experimental Results

+52% +20% +234% +20% +268% +12% +129% +218% +2%



Effect of Backbone Models
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Effect of Backbone Models
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3. Experimental Results

• CoT and ToG obtain better results 

with stronger LLMs

• GPT4 > ChatGPT > Llama2-70B
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Effect of Backbone Models
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3. Experimental Results

• Ability of LLM mining KG

• The larger the model, the greater the 

performance gap between CoT and 

ToG



Effect of Backbone Models
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3. Experimental Results

• Small LLM + KG > Big LLM



Effect of Search Depth and Width
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3. Experimental Results

• ToG’s performance improves with the depth and width, indicating the potential 

performance boost with a higher depth or width



Effect of Search Depth and Width
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3. Experimental Results

Depth =2

Depth =3



Effect of Search Width
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3. Experimental Results

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

Canberra capital of
country

territory

continent

Australia

part of

Labor Party
Answer

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 AlbaneseGenerate

prime 
minister

central bank

...
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Albanese
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government

Prime Minister 
of Australia

Depth 1
Depth 2

Reasoning paths

Prune
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political party
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Labor Party

officeholder

Politician

citizenship
Depth 3

Anthony 
Albanese

Prime Minister of 
Australia

Australian Capital 
Territory

Canberra
capital of

Australia
Anthony 
Albanese

Prime Minister 
of Australia

head government
offic

e-

holder

Politician

occupation

Labor Party

Enough Information

Australian Capital 
Territory

Australian Capital 
Territory

country

country

Not 
Enough 

Information

Not 
Enough 

Information

Depth 1 Depth 2
Search

Depth 3

…

territory
continent

part of

country
prime 

minister
continent

central 

bank

citizenshippolitical  party

…

continent

0 1.00.50 1.00.50 1.00.5

Reasoning

Search Search

Prune Prune

Reasoning

Reasoning

…

Canberra

Canberra

✅

✅

✅

Width = 3



Effect of Pruning Models
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3. Experimental Results

• Other than the LLM, lightweight text ranking models like BM25 and 

SentenceBERT can be employed as pruning tools in the exploration phase, 

improving the computation efficiency of ToG



Where does the knowledge come from?
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3. Experimental Results

• Correct answers come from three sources: explored paths, LLM-inherent 

knowledge, or both.

• Most answers are supported by explored graph paths, but ToG also benefits 

from the LLM’s internal knowledge when the path alone is insufficient.

KG

LLM&KG

LLM

ToG 



Conclusion

• The paper proposes a new integration paradigm: LLM ⊗ KG 

• Think-on-Graph enables an LLM to explore, evaluate, and reason over KG paths 

• It improves deep reasoning while preserving traceability and flexibility 

• It shows that a training-free framework can outperform many stronger baselines
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Thank you

Q & A



Quiz

https://forms.gle/u8iDK28iYWFiTCzL7
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https://forms.gle/u8iDK28iYWFiTCzL7

