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History of Machine Learning

https://digitalwellbeing.org/artificial-intelligence-timeline-infographic-from-eliza-to-tay-and-beyond/



2012

AlexNet
60M Parameters

2018

BERT

100M Parameters

2020

GPT-3

175B Parameters

2023

GPT-4

1.7T Parameters 

# Neuron connections in Human Brain ~ 100T



粤港澳大湾区数字经济研究院
International Digital Economy Academy www.idea.edu.cn

GPT for Various Tasks

Conversation Writing Coding
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Big Data

Behind GPT
◼ ChatGPT依托海量训练数据、大规模算力，以及强大基础语言模型GPT3.5，形成领先优势

• Common Crawl：410B tokens

• WebText：19B tokens

• Books：55B tokens

• GitHub Codes：Codex 159G

+ + =

• 25K+ Nvidia A100 GPUs • Evolution of GPT in 5 years

• GPT、GPT-2、GPT-3、

InstructGPT、 GPT-4、GPT-5？

• Transformer Architecture

• GPT-3.5/ ChatGPT

• 175B parameters，emerging

powerful intelligence and 

amazing creativity

◼ GPT系列模型进化路径

Transformer

Invented by Google, 

it is the algorithmic 

foundation of GPT 

2017.6

GPT

Generative pretraining 

using large scale unlabeled 

corpus, and fine-tuning for 

specific task

2018.6

GPT-2

Large scale pretraining on 

unlabeled corpus, zero-

short inference for any 

specific task

2019.2

GPT-3

175B parameters, in-context 

learning and good at few-

shot inference

2020.5

CodeX

Incorporating 

code/script data for 

training, succeed in AI 

programming

2021.12

InstructGPT

Train GPT to 

understand and 

execute human 

instructions

2022.2

ChatGPT

Enhance dialogue using 

Reinforcement Learning 

from Human Feedback 

(RLHF)

2022.11

Computing Power Algorithm Large AI Model
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Limitation of GPT

Hallucination
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Limitation of GPT

Hallucination
一本正经胡说八道
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Duan Yu 段誉 vs Hong Qigong 洪七公

Who has higher flighting ability, Duan Yu or Hong Qigong? 
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Duan Yu 段誉 vs Hong Qigong 洪七公

GPT-4
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Duan Yu 段誉 vs Hong Qigong 洪七公

GPT-4

Hallucination

Hallucination
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Duan Yu 段誉 vs Hong Qigong 洪七公

GPT-4

Hallucination

Hallucination
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Duan Yu 段誉 vs Hong Qigong 洪七公

GPT-4 Think-on-Graph
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A Knowledge Graph of Jin Yong (金庸) Universe
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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

➢ Intention and action 

understanding

Knowledge Graph

➢ Structured knowledge 

for reasoning

➢ Explainable, traceable 

and correctable

➢ Lower cost in 

computing power

➢ Faster update of 

knowledge and data

Enhance KG Reasoning

Improve LLM Reasoning
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• Deep Reasoning

• Reasoning Traceability

• Knowledge Correctability

• Flexibility and Efficiency

https://arxiv.org/abs/2307.07697
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问题：华西股份是索尔思光
电的大股东吗？

ChatGPTIDEA金融
大语言模型

Knowledge-driven Large Language Model
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• Long Reasoning Path

• Smarter Reasoner

• Reasoning Efficiency

Deep 

Reasoning
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Combining in Model Pre-Training/Fine-tuning
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Combining in Model Pre-Training/Fine-tuning

Zhang et al., 2019
Peters et al., 2019
Yamada et al., 2020
Wang et al., 2021
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Combining in LLM Prompting

Li et al. , 2023
Baek et al., 2023
Touvron et al., 2023
Wang et al. 2023

Sun et al., 2023
Jiang et al., 2023
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Think-on-Graph Algorithm



粤港澳大湾区数字经济研究院
International Digital Economy Academy www.idea.edu.cn

Think-on-Graph Algorithm
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Performance of Think-on-Graph
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Performance of Think-on-Graph
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Performance of Think-on-Graph
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Performance of Think-on-Graph
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Performance of Think-on-Graph

+52% +20% +234% +20% +268% +12% +129% +218% +2%
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• Effect of back-bone models
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• Effect of back-bone models

• GPT-4 > ChatGPT > LLama2

LLM w/ CoT
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• Effect of back-bone models

• GPT-4 > ChatGPT > LLama2

Think-on-Graph
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• Effect of back-bone models

• GPT-4 > ChatGPT > LLama2

• Ability of LLM mining KG

Gain from KG
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• Effect of back-bone models

• Small LLM + KG > Big LLM

Small LLM > Big LLM
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The Effect of Search Depth and Width
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The Effect of Search Depth and Width

Depth = 2

Depth = 3
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The Effect of Search Depth and Width

Width = 2
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The Effect of Search Depth and Width
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Where does the knowledge come from?
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Where does the knowledge come from?

KG

LLM
LLM&KG
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• Traceability

• Correctability

• Credibility

Responsible 

Reasoning
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• Traceability

• Correctability

• Credibility
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System Architecture 
of Think-on-Graph 
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Let’s Think-on-Graph
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Let’s Think-on-Graph
➢ Deep Reasoning Path

➢ Reliability and Credibility

➢ Plug-and-play
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The world needs a few good IDEAs

THANK YOU



KG+LLM的结合方式

1. LLM-assisted Knowledge Graph Engineering: 
Experiments with ChatGPT
2. DeepKE-KnowLM
3. ChatIE
4. CodeKGC: Code Language Model for Generative 
Knowledge Graph Construction
5. TEXT2KGBENCH

ChatRule: Mining Logical Rules with Large Language 
Models for Knowledge Graph Reasoning

1. Knowledge-Augmented Language Model Prompting 
for Zero-Shot Knowledge Graph Question Answering

2. Few-shot In-context Learning for Knowledge Base 
Question Answering

3. Chain of Knowledge: A Framework for Grounding 
Large Language Models with Structured Knowledge 
Bases

4. StructGPT: A General Framework for Large Language 
Model to Reason over Structured Data

HuaTuo: Tuning LLaMA Model with Chinese Medical 
Knowledge



LLM用于KG构建

LLM用于知识工程的相关实验分析.

研究动机：

缺乏系统性地研究分析LLM是否能够用于Knowledge Engineering；

研究方案：

1. 从知识图谱使用的角度出发，进行了NL2SPARQL的实验；

2. 从知识图谱构建的角度出发，进行了知识获取的实验;

研究结果：

1. 基于LLM做知识工程具有实践意义；

2. 本文的实验过于有限，参考价值业有限，相关文献还需要进一步
调研，比如DeepKE-LLM/KnowLM、TechGPT；



LLM用于KG构建

LLM用于知识抽取的相关开源项目（基于指令微调）.

InstructUIE: Multi-task Instruction Tuning for Unified 
Information Extraction：

https://github.com/BeyonderXX/InstructUIE

引入一个基于多任务指令调优的统一信息提取框架，名为InstructUIE，将IE任务重新表述为
一个自然语言生成问题。对于源语句，设计了描述性指令，使模型能够理解不同的任务，并
采用包括所有候选类别的选项机制作为输出空间的约束。

然后，需要预先训练的语言模型以自然语言的形式生成目标结构和相应的类型

模型基座

基于Flan T5进行指令微调；



LLM用于KG构建

LLM用于知识抽取的相关开源项目（基于Prompt）.

ChatIE: Zero-Shot Information Extraction via Chatting with 
ChatGPT

https://github.com/zjunlp/DeepKE/tree/main/example/llm

将零样本IE任务转变为一个两阶段框架的多轮问答问题（Chat IE）,通过制定实体关系三元组抽取、
命名实体识别和事件抽取任务，并为每个任务设计2个步骤的prompt-pattern，多轮抽取



LLM用于KG构建

LLM结合Code范式用于知识图谱构建的论文.

CodeKGC: Code Language Model for Generative 
Knowledge Graph Construction：
https://github.com/zjunlp/DeepKE/tree/main/example/llm

本文提出一种基于Code形式用于构建KG的范式CodeKGC，用结构化地代码去表示知
识图谱，将Text2KG转化为Text2Code问题，利用LLM对于Code的感知能力，使得LLM
能够捕获文本中的知识以及结构信息用于知识抽取。

https://github.com/zjunlp/DeepKE/tree/main/example/llm/Event-Schema-Harvester


KG用于LLM推理

LLM使用实体在KG中的一阶知识辅助推理

KAPING：
https://arxiv.org/pdf/2306.04136.pdf

识别句子中的实体

在KG中搜索包含句子中实体的三元组

通过三元组和句子的相似度，筛选一定数量的三
元组

将筛选后的三元组作为上下文，构成新的
prompt，输入到LLM中，用以辅助推理

https://arxiv.org/pdf/2306.04136.pdf


KG用于LLM推理

使用LLM生成准确的KG查询语句

KB-Binder：
https://github.com/ltl3A87/KB-BINDER

使用LLM将问题转化为SPARQL查询语句

利用语义相似度根据KG中的实体和关系对查询语句中的实体关系进行修改

执行修改后的SPARQL语句

https://github.com/ltl3A87/KB-BINDER


KG用于LLM推理

使用LLM生成准确的KG查询语句

Chain-of-Knowledge：
https://arxiv.org/pdf/2305.13269v1.pdf

使用LLM将问题分解成若干个子问题

使用一个Query Generator将子问题转化为简单的SPARQL查询

将查询得到的三元组作为上下文，构成新的prompt输入到LLM中，以辅
助LLM推理

https://arxiv.org/pdf/2305.13269v1.pdf


KG用于LLM推理

LLM在KG上做迭代式知识推理

StructGPT：
https: //github.com/RUCAIBox/StructGPT

对于知识图谱、表格、数据库三类结构信息较为重要的数据
结构，本文提出了StructGPT架构，其采用Iterative 
Reading then-Reasoning (IRR)即迭代阅读-推理方法。
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Incorporating KG via Prompting

Prompting
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Evolution of Knowledge Graph

Concept

Example
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History of Knowledge Graphs



2012

AlexNet
60M Parameters

2018

BERT

100M Parameters

2020

GPT-3

175B Parameters

2023

GPT-4

1.7T Parameters 

# Neuron connections in Human Brain ~ 100T
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Performance against Explainability

Gaussian Process Decision Tree

Residual Network Transformer

HMM

Boosting

Random Forest

Mixture-of-ExpertLSTM

Kernel k-NN

Generalized Linear Model

Kernel SVM

Deep Learning

Symbolic Regression

Bayesian Network

CRF

Vanilla RNN

Model Explainability

P
re

d
ic

ti
o

n
 P

er
fo

rm
an

ce

Linear SVM

Kernel Learning

Sequence 
Learning

Generalized Additive Model

Linear Model

High

High

Low
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Principle of GPT
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History of Machine Learning
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