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From GLM-130B to ChatGLM

Jie Tang
KEG, Tsinghua University

Slides available at: http://keg.cs.tsinghua.edu.cn/jietang/ or Google Jie Tang 

http://keg.cs.tsinghua.edu.cn/jietang/
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Open AI is leading the research on AGI
LLM becomes the foundation for AGI

nGPT-1: 
Transformer 
based LLM

2018

GPT-1
110M

Multi-Modal
More General

Multi-Agent

nGPT-2: good 
generation

2019

GPT-2
1.5B

nGPT-3: Perfect

2020

GPT-3
1750亿

WuDao2.0
1.75T

nDALL-E / Clip: Text-
to-Image/Image-to-
Text

2021
nChatGPT: 1st 

Chat LLM 
nGLM-130B: Open

Bilingual LLM

2022

GLM-130B
130B

GPT-2 GPT-3 ChatGPT

nGPT-4: Multi-modal
model

nChatGLM: Our 
Chat Model

2023

ChatGPT
GPT-4

ChatGLM

GPT-4DALL·E

GLM-10B

Milestone
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GPT-4
ChatGPT、GPT-4的出现表明我们在大模型上的研究还存在代差

OpenAI. GPT-4 Technical Report
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GPT-4

OpenAI. GPT-4 Technical Report

GPT-4
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GPTs
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GPTs (GPT 4.5)

• Agent-based

– Analyze CSV
– Goto apple.com
– Extract wactch price 
– compare



GPT

GPT-2
1B

GPT-3
davinci

100B
Codex

code-davinci-002
Code

text-davinci-002
InstructGPT
Supervised FT

text-davinci-003
(RLHF)

ChatGPT
（RLHF)

2018
6

2019
2

2020
5

2021
7

2021
12

2022
11

2023
2

GitHub
Copilot

1. 100B Base model 2. Supervised FT 3. RLHF

读书 受教育 社会接轨

GPT-3.5
GPT-3 +

RLHF

GPT-4GPT-1 New Bing
(GPT-4)

2023
3

WebGPT (RLHF)

3.14

RLHF
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What is GLM/ChatGLM

• ChatGPT and GPT3/4/4.5 has gained enormous popularity
– However, techniques behind GPT become a secret to all

• ChatGLM, an open-source ChatGPT alternative, toward 
unclosing the secret
– GLM-130B: an open-source LLM base model
– ChatGLM-6B: a lightweight open-source ChatGPT alternative
– ChatGLM-130B: not open-sourced, but available through API

https://github.com/THUDM/ChatGLM3https://github.com/THUDM/GLM-130B 

https://github.com/THUDM/ChatGLM3
https://github.com/THUDM/GLM-130B
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ChatGLM-6B: An Open-Source Alternative
• ChatGLM-6B: 6.2Bparameters, INT4 

quantization (only need 6G memory)

• >50,000 stars on github

• >10,000,000 downloads on Huggingface

• No. 1 on Github Trending (2 week)

• No. 1 on Huggingface Trending (2 weeks)

https://github.com/THUDM/GLM-130B https://github.com/THUDM/ChatGLM3

>600 Open-Sourced Apps developed based on ChatGLM

https://github.com/THUDM/GLM-130B
https://github.com/THUDM/ChatGLM3
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ChatGPT vs. ChatGLM

t GLMGPT VS

ChatGPT

DALL.E

Codex

WebGPT

GPT-4V

ChatGLM

CogView

CodeGeeX

WebGLM

GLM-4V on the way
(CogVLM, Agent…)
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chatglm.ai

Welcome to try

GLM XDAI GLM-130B CodeGeeX QAGLM ChatGLM
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Story generation
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Applied Math
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Coding
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GLM-4V-0.5
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GLM-4V-0.5
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“draw a dog with a hat”



大模型驱动的知识推理



OpenAI’s GPT
GPT-2
十亿模型

GPT-3
davinci

100B
Codex

code-davinci-002

text-davinci-002
InstructGPT
Supervised FT

text-davinci-003
(RLHF)

ChatGPT
（RLHF)

GitHub
Copilot

RLHF

读书 受教育 社会接轨

GPT-3.5
GPT-3 +

RLHF

GPT-4GPT-1 New Bing
(GPT-4)

WebGPT (RLHF)

GLM-
10B

THU&Zhipu AI’s GLM

ChatGLM
（SFT + RLHF）

GLM-130B
100B

CodeGeeX

VS Code/JetBrains
CodeGeeX Plugin

mGLM
Multi-lingual

ChatGLM-6B
(SFT + RLHF）

QAGLM

WebGLM

VisualGLM
CogVLM

2018
6

2019
2

2020
5

2021
7

2021
12

2022
11

2023
2

2023
3 3.142020

11
2022

8
2021

5

ACL’22 ICLR’23

KDD’23
KDD’23

NeurIPS’21
NeurIPS’22

ICLR’23



Framework NLU Cond. Gen. Uncond. Gen.

Autoregressive (GPT) — — √

Autoencoding (BERT) √ × ×

Encoder-Decoder (T5) — √ —

Autoregressive Blank-Infilling
(GLM) √ √ √

Du and Qian et al. All NLP Tasks are Generation Tasks. ACL’22. 

General Language Model (GLM)



General Language Model (GLM)
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General Language Model (GLM)

Du and Qian et al. All NLP Tasks are Generation Tasks. ACL’22. 
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General Language Model (GLM)

Zeng, Liu, et al. GLM-130B: An Open Bilingual Pre-trained Model. ICLR’23 

LAMBADA
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Results on Natural Language Understanding
• Better than BERT, T5, RoBERTa
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Resutls on Generation
• The most important thing is that one model can do all the things 



Why 100B-scale model?

1. J Wei, et al. Emergent Abilities of Large Language Models. arXiv: 2206.07682

GPT-3 (OpenAI)

LaMDA (谷歌)

• What is 16 mod 12?
• 16 divided by 12 

equals 1 remainder 
4. So the answer is 4!



1. J Wei, et al. Emergent Abilities of Large Language Models. arXiv: 2206.07682

Why 100B-scale model?
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Scaling Law
Scaling Law introduces complicated reasoning abilities

Model scale (# parameters in billions)



“Emergent abilities”

• OpenAI

• GPT-3 175B

• Google
• LaMDA 137B
• PaLM 540B

• Microsoft
• Turing-NLG 530B

• DeepMind
• Gopher 260B

Gif Credit: Google
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• 8 months have witnessed numerous challenges
o Engineering: How to train 100B-scale models from scratch?

§ Hygon DCU, NVIDIA A100, Ascend 910, Sunway
§ Frequent & random hardware failures, Megatron-DeepSpeed 3D pipeline, CUDA kernel 

efficiency, GPU memory overflow, 10K+ threads TCP init & comms…

o Algorithm: How to stabilize the training of 100B-scale models?
§ The gradient norms of embeddings, Post-LN / Pre-LN stability, dataloader state seeds, 

computation precision in Softmax / Attention

Project 
Conceived

2021.12 2022.1 2022.2 2022.3 2022.4 2022.5 2022.6 2022.7

Training
Stability Issues

To be 
continued

Hygon, NVIDIA
Ascend, Sunway

Algo/Sys
Tests

System
Debug

Data
Large-Scale Tests

How to train a 100B–scale LLM?

http://keg.cs.tsinghua.edu.cn/glm-130b/ 

Evaluations
Quantization

http://keg.cs.tsinghua.edu.cn/glm-130b/


Training Stability of 100B-Scale Models

Sources: OPT / BLOOM / GLM-130B

p Tradeoff: Stability (Slow) or Efficiency (Instable)

p Existing Solutions
p OPT-175B: manually adjust LR & skip data when collapses (performance drop)

p BLOOM 176B: embedding norm & BF16（performance drop, few platform）



GLM-130B: Training Stability

pAttention score: Softmax in 32 to avoid overflow
<latexit sha1_base64="xd32kgbSheCDoMnbGsfzKeliFHY="></latexit>
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Attention scores grow large --- exceeding FP16’s range

Zeng, Liu, et al. GLM-130B: An Open Bilingual Pre-trained Model. ICLR’23 



GLM-130B: Training Stability

p Embedding Layer Gradient Shrink (EGS)

word_embedding =�word_embedding *�alpha�+�
������������������������word_embedding .detach()�*�(1�ˊ alpha)

Embedding Layer gradients can be magnitudes larger than others

Zeng, Liu, et al. GLM-130B: An Open Bilingual Pre-trained Model. ICLR’23 



GLM-130B: Training Stability

p The final training run of GLM-130B

Zeng, Liu, et al. GLM-130B: An Open Bilingual Pre-trained Model. ICLR’23 



GLM-130B Training Lessons

https://github.com/THUDM/GLM-130B



GLM-130B
English: better than GPT-3/OPT/PaLM 

                          on MMLU, LAMBADA, BIG-bench-lite

Aug.,  2022-Mar.  2023,  research  use 
requests from ~1000 orgs in 70 countries

•Google
•Microsoft
•Facebook
•Stanford
•MIT 
•UC Berkely
•CMU
•Harvard
•Princeton
•Yale
•Cornell
•UIUC
•Cambridge
•Oxford

•Huawei
•Alibaba
•Tencent
•Baidu
•Meituan
•Bytedance
•Didi
•Xiaoice
•Xiaodu
•Xiaomi
•Xiaopeng
•Youdao
•Face++
•Ping An Cap

•Peking U.
•Zhejiang U.
•Shanghai JT U.
•Fudan U.
•USTC
•U of CAS
•Wuhan U. 
•Naikai U.
•Hongkong U.
•CUHK
•HKUST
•BAAI
•Zhejiang Lab
•Shanghai AI Lab

Chinese: better than ERNIE 260B & YUAN 245B



GLM-130B in HELM

https://crfm.stanford.edu/helm, 2023.0308

Stanford’s Holistic Evaluation of Language Models (HELM, Nov. 2022)

1. Liang et al., Holistic Evaluation of Language Models. arXiv: 2211.09110

https://crfm.stanford.edu/helm


GLM-130B in HELM

1. Liang et al., Holistic Evaluation of Language Models. arXiv: 2211.09110



GLM-130B in HELM

1. Liang et al., Holistic Evaluation of Language Models. arXiv: 2211.09110
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INT4 Quantization for RTX 3090s/2080s

GLM’s INT4 Weight Quantization Scaling Law

INT4 Quantization for RTX 3090s/2080s
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pGLM-130B INT4 Quant. w/o perform. degradation

INT4 Quantization for RTX 3090s/2080s
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Backbone Training
Objective Quantization Acceleration Cross-

Platform
GPT3-175B GPT SSL Only — — NVIDIA 

OPT-175B GPT SSL Only INT8 Megatron NVIDIA

BLOOM-176B GPT SSL Only INT8 Megatron NVIDIA

GLM-130B GLM
SSL
&

MIP

• INT8
• INT4

Faster
Transformer

• NVIDIA
• Hygon DCU
• Ascend 910
• Sunway

Effects

Performance Impro:

• Big-bench-lite: +5.2%
• LAMBADA: +2.3%
• CLUE: +24.3%
• FewCLUE: +12.8%

Affordable Serving:

It saves 75% GPU
mem in inference;

It can infer on
3090x4 / 2080x8

Fast Inference:

7-8.4 faster than
Pytorch;

2.5 faster than
Megatron

Diverse
Supports:

It supports
more diverse
adoptions of

LLMs

GLM-130B
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Develop ChatGLM based on GLM-130B
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Challenge 1: Simple NLP task vs. Complex task

• Simple NLP task => Complex task (e.g., logic reasoning)

Document The picture appeared on the wall of a 
Poundland store on Whymark Avenue...

Summary Graffiti artist Banksy is believed to be 
behind...

Document The picture appeared on the wall of a 
Poundland store on Whymark Avenue...

Summary Graffiti artist Banksy is believed to be 
behind...

Document The picture appeared on the wall of a 
Poundland store on Whymark Avenue...

Summary Graffiti artist Banksy is believed to be 
behind...

QQP Paraphrase) XSum (Summary)

{Question1} {Question2} 
Pick one: These questions 

are duplicates or not 
duplicates.

I received the questions 
"{Question1}" and 

"{Question2}". Are they 
duplicates?

{Choices[label]}

{Document}
How would you 

rephrase that in 
a few words?

First, please read the article: 
{Document}

Now, can you write me an 
extremely short abstract for it?

{Summary}

Question1 How is air traffic controlled?

Question2 How do you become an air traffic controller?

Label 0

Question1 How is air traffic controlled?

Question2 How do you become an air traffic controller?

Label 0

Question1 How is air traffic controlled?

Question2 How do you become an air traffic controller?

Label 0

Question1 How is air traffic controlled?

Question2 How do you become an air traffic controller?

Label 0

Document The picture appeared on the wall of a 
Poundland store on Whymark Avenue...

Summary Graffiti artist Banksy is believed to be 
behind...

{Choices[label]} {Summary}

Math (GSM8k):
Q: Roger has 5 tennis balls. He buys 2 more cans of 
tennis balls. Each can has 3 tennis balls. How many 
tennis balls does he have now?

Last Letter Concatenation:
Q: Take the last letters of the words in “Lady Gaga” 
and concatenate them.
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Challenge 2: Static NLP vs. Dynamic knowledge
• GPT-3’s knowledge can be limited, obsolete, and uninterpretable

– Limited: Limited long-tailed knowledge 
• Example: what is the sixth highest mountain in the world? (Answer: Mount K2)

– Obsolete: GPT-3’s knowledge is before 2020
– Uninterpretable: No reference for answers that require knowledge

Case Study: Limited Knowledge Case Study: Obsolete Knowledge
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Challenge 3: Traditional NLP vs. Align with Human

• Case Study: Explain the moon landing to a 6 year old in a few sentences.
– Without proper ``prompt engineering’’, GPT-3 and GLM-130B won’t return 

satisfying answers, either
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Develop ChatGLM based on GLM-130B

Augmenting Code, Alignment, 
Web, Image understanding… 

GLM-130B
(ACL’22, ICLR’23)

Base model
~1TB，4096

CodeGeeX (KDD’23)

Code→Reasoning
~0.4TB，4096

GLM-130B++(GLM 3.5)

Instruction following

WebGLM
(KDD’23)

Combining Search

Supervised Fine-tune

Web

ChatGLM

Chat Product
RLHF

Text & Code

2021.12 2022.09 2022.12 2022.12 2023.05

Visual-ChatGLM
(NeurIPS’21/22, ICLR’23)

Multi-modal

Image understanding
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CodeGeeX

6B/13B parameters、100+ languages

Support both Nvidia and 910A/B

(Salesforce)

(Meta AI)

(OpenAI)

(Huawei)
(DeepMind)

Free VSCode and JetBrains plugins

Generating over 10M lines codes

Operators (Layernorm/Gelu/BatchMatmul/Add)

Auto search for optimizing matrix multiplication

Optimization

Improve 257% on Ascend 910A

Performance

CodeGeeX

Trained with over 1,000 Ascend 910A
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Relay Diffusion Model (RDM)

• RDM transfers a low-resolution image into an equivalent high-
resolution one via blurring diffusion and block noise. 

• RDM achieved state-of-the-art FID on CelebA-HQ and sFID
ImageNet-256 (FID=1.87)!

https://github.com/THUDM/RelayDiffusion
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“draw a dog with a hat”
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CogVLM: Vision Language Model

• CogVLM connects pretrained language model and image 
encoder by a trainable visual expert model

ICLR’24（submitted）
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CogVLM: Vision Language Model

https://github.com/THUDM/CogVLM
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CogVLM: Vision Language Models

https://github.com/THUDM/CogVLM



WebGLM = GLM + Search

Liu et al. WebGLM: Towards An Efficient Web-enhanced Question Answering System with Human Preference. KDD’23



LLM Agent 
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AgentTuning: Enabling Generalized Agent Abilities 
For LLMs

Six agentInstruct trajectory datasets

• 1,866 high-quality CoTs

Agent Tuning Mix-training

• 20% AgentInstruct + 80% ShareGPT

codes & models: http://github.com/THUDM/AgentTuning

http://github.com/THUDM/AgentTuning
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Main Results

In-domain dist
Significant improvement

Out-domain dist
Good generalization

Better generalization

+76% +57%

+176%



59https://github.com/CLUEbenchmark/SuperCLUE-Agent accessed on Nov. 2023

https://github.com/CLUEbenchmark/SuperCLUE-Agent


60

ChatGLM3 for Agent
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ChatGLM3 for Agent
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ChatGLM3 with LangChain-Agent

ChatGLM3-6BTool
<System>
...following tools:
[Calculator(), "arxiv", 
Weather()]
<user>
What is the weather in
Beijing today?
<assistant>

Re-format

Query

{
'role': 'assistant',
'metadata': 'weather',
'content': "```python

tool_call(city='Beijing')
```"
}

{
"action": "weather",
"action_input": "Beijing"

}

Tool Call

Result

Demo: https://github.com/THUDM/ChatGLM3/tree/main/langchain_demo



63chatglm.cn or 智谱清言（iOS, Android）
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• Download from Huggingface
– git clone https://huggingface.co/THUDM/chatglm3

• Download demo
– git clone https://github.com/THUDM/ChatGLM3
– cd ChatGLM-6B

• Install demo
– pip install gradio
– python web_demo.py

• Run the demo
– python cli_demo.py

• Install the api
– pip install fastapi uvicorn
– python api.py

• Run ChatGLM on your own MAC (w/ Apple Silicon)
– model = AutoModel.from_pretrained("your local path", trust_remote_code=True).half().to('mps')

ChatGLM-6B
https://github.com/THUDM/ChatGLM3

https://huggingface.co/THUDM/chatglm3
https://github.com/THUDM/ChatGLM-6B
https://github.com/THUDM/ChatGLM3


Open LLM Research
https://github.com/THUDM

35,471

14,125

7,315

7,215

4,850

4,635

3,541

#star
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ChatGLM vs. LLaMA

https://github.com/THUDM
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What’s the next?



69

Abstraction and Reasoning

1. Francois Chollet. On the Measure of Intelligence. 2019 
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Abstraction and Reasoning
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Abstraction and Reasoning



72

• Generative agents: computational software agents that simulate 
believable human behavior
– A “Westworld” with 25 agents; Auto-GPT; AgentGPT…

Generative Agent

1. Joon Sung Park et al. Generative Agents: Interactive Simulacra of Human Behavior. 2023 
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Gap Between Human & LLMs

Human
Intention
(Prompts)

LLM’s
Prompt

Understanding

Human-LLM Alignment Gap

2021～2023
SFT & RLHF

Strategy:
Teach LLM

to judge
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SuperAlignment

ICDM-2023 Panel Discussion 75

If AI/AGI is smarter than us, how to make sure 
they are safe to our society?

Super-
Intelligence

Super-
Alignment

Scalable feedback

Human in the loop

LearnerAttacker Critic

Training LLMs to evaluate/criticize LLMs
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Superalignment: Teach LLM to judge
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Superalignment: Teach LLM to judge
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Superalignment: CritiqueLLM
• On all generation tasks, CritiqueLLM/GPT-4  have comparable 

human correlations

1. Ke et al. CritiqueLLM: Scaling LLM-as-Critic for Effective and Explainable Evaluation of Large Language Model Generation. Arxiv
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Summary

• GPT vs GLM
– ChatGPT vs. ChatGLM
– DALL.E vs. CogView
– Codex vs. CodeGeeX
– WebGPT vs. WebGLM
– GPT-4V vs. GLM-4V (CogVLM, AgentTuning…)

• 2024-toward AGI
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Thank you！
Many many collaborators from Tsinghua and Zhipu AI!

https://github.com/THUDM/


