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2023.3.14 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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2023.3.14 GPT-4

OpenAI. GPT-4 Technical Report

GPT-4
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OpenAI GPTs



OpenAI GPTs
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• LaMDA 137B
• PaLM 540B

• Megatron-Turing-530B
• Chinchilla 70B
• Gopher 260B

• GPT-3 175B

[2020]

• OPT 175B• GLM-130B • BLOOM 176B

100B-scale Pre-Training

[2021] [2021~2022] [2021~2022]

[2022] [2022] [2022]



GPT-3
davinci

读书 受教育 社会接轨

GLM-130B

DATA NN Pre-Training Obj

300B EN

200B CN
200B EN

GPT
Autoregressive

GLM
Autoregressive Blank Infilling

Transformer
175B

Transformer
130B

• NVIDIA
• DCU
• Ascend 910
• Sunway

• NVIDIA (2020.05)

(2022.07)



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. arxiv: 2103.10360

General Language Model (GLM)



15Du and Qian et al. All NLP Tasks are Generation Tasks. ACL’22.

General Language Model (GLM)

1. Du, et al. “GLM: General Language Model Pre-training with Autoregressive Blanking Infilling.”, ACL, 2022



Text Understanding

• Better than BERT、T5、RoBERTa

1. Du, et al. “GLM: General Language Model Pre-training with Autoregressive Blanking Infilling.”, ACL, 2022



Text Generation

• The most important thing is that one model can do all the things 

1. Du, et al. “GLM: General Language Model Pre-training with Autoregressive Blanking Infilling.”, ACL, 2022
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GLM?

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

LAMBADA

https://openreview.net/pdf?id=-Aw0rrrPUF
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GLM?

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

LAMBADA

https://openreview.net/pdf?id=-Aw0rrrPUF


GLM-130B Training

9 months have witnessed numerous technical 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

Hygon, NVIDIA
Ascend, Sunway

Algo/Sys
Tests

System
Debug

Data
Large-Scale Tests

Evaluations
Quantization



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

https://openreview.net/pdf?id=-Aw0rrrPUF


GLM-130B: Training Stability

p Embedding Layer Gradient Shrink (EGS)

word_embedding = word_embedding * alpha + 
word_embedding .detach() * (1 ‒ alpha)

Embedding Layer gradients can be magnitudes larger than others

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

https://openreview.net/pdf?id=-Aw0rrrPUF


GLM-130B: Training Stability

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

p The final training run of GLM-130B

https://openreview.net/pdf?id=-Aw0rrrPUF


GLM-130B Training Lessons

• Zeng, Liu, et al. GLM-130B: An Open Bilingual Pre-trained Model. ICLR’23
• https://github.com/THUDM/GLM-130B

https://openreview.net/pdf?id=-Aw0rrrPUF


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)

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

https://crfm.stanford.edu/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

GLM-130B in HELM
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INT4 Quantization for RTX 3090s/2080s

GLM’s INT4 Weight Quantization Scaling Law

INT4 Quantization for RTX 3090s/2080s



40Zeng, Liu, et al. GLM-130B: An Open Bilingual Pre-trained Model. ICLR’23

pGLM-130B INT4 Quant. w/o perform. degradation

INT4 Quantization for RTX 3090s/2080s

https://openreview.net/pdf?id=-Aw0rrrPUF
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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



Tsinghua & Zhipu.AI GLMs

21 22 23
Nov. 30

GLM
ACL
Nov. 2021 Aug. 2022

GLM-130B
Open | ICLR

GLM-130B
à ChatGLM

March 14

24

ChatGPT GPT-4

400B tokens 600B tokens

GLM-10B
Open

Sep.

March 14



chatglm.cn

screenshot at 2023.05.28
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Z-Bench by ZhenFund
（The leaderboard is later than the models evaluated）

2023.03.20

国内大厂
Basics

Advanced
Vertical
Sum:
100%



Tsinghua & Zhipu.AI GLMs

21 22 23
Nov. 30

GLM
ACL
Nov. 2021 Aug. 2022

GLM-130B
Open | ICLR

GLM-130B
à ChatGLM

March 14

24

ChatGPT GPT-4

400B tokens 600B tokens

GLM-10B
Open

Sep.

March 14

ChatGLM2
-12/32/66/130B

June 25



ChatGLM-130B vs. ChatGLM2

0

25

50

75

100

MMLU C-Eval GSM8K

ChatGLM ChatGLM2 ChatGPT GPT-4

+16% +36% +280%



chatglm.ai

screenshot at 2023.05.28



chatglm.ai



ChatGLM：常识



ChatGLM：常识

screenshot at 2023.03.14



ChatGLM：写代码



C-Eval
（The leaderboard is earlier than the models evaluated except GPT-4/ChatGPT/Claude）

Screenshot 2023, 0801



Tsinghua & Zhipu.AI GLMs

21 22 23
Nov. 30

GLM
ACL
Nov. 2021 Aug. 2022

GLM-130B
Open | ICLR

GLM-130B
à ChatGLM

March 14

24

ChatGPT GPT-4

400B tokens 600B tokens

GLM-10B
Open

Sep.

March 14

ChatGLM2
-12/32/66/130B

June 25

ChatGLM-6B
Open

1T tokens 1.4T tokens

ChatGLM2-6B
Open



ChatGLM-6B à ChatGLM2-6B

• Performance:

• 1.4T bilingual tokens and human preference alignment training；

• MMLU（+18%）、CEval（+33%）、GSM8K（+572%） 、BBH（+60%）;

• Context Length:
• Context length of the base model: 2K à 32K;

• Context length of the chat model: 8K

• Inference:

• The inference speed increases by 42%；

• W/ INT4 quantization, 6G GPU mem. supports dialogue length from 1K to 8K;

• Open license：

• The model weight is completely open for academic research；

• Free commercial use;

https://github.com/THUDM/ChatGLM2-6B



ChatGLM2-6B-32K

https://huggingface.co/THUDM/chatglm2-6b-32k



1. Download all model files from Huggingface
1. git clone https://huggingface.co/THUDM/chatglm-6b

2. Download the demo
1. git clone https://github.com/THUDM/ChatGLM-6B
2. cd ChatGLM-6B

3. Install the demo
1. pip install gradio
2. python web_demo.py

4. Interactive demo
1. python cli_demo.py

5. Install the api
1. pip install fastapi uvicorn
2. python api.py

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

Install ChatGLM-6B/ChatGLM2-6B Locally

https://huggingface.co/THUDM/chatglm-6b
https://github.com/THUDM/ChatGLM-6B


• ChatGLM-6B
o 6B parameters
o 1T tokens training data
o 6G GPU mem (INT4)

• Mar. 14, 2023, open-soured model

• Mar. 16, 2023, #1 on GitHub Trending

• Mar. 18-30, #1 on HF Trending

• Jun. 23, 2023, 3M downloads in HF

30k stars on GitHub

https://huggingface.co/THUDM

ChatGLM-6B à ChatGLM2-6B

• ChatGLM2-6B
o 6B parameters
o 1.4T tokens training data
o 6G GPU mem (INT4)

• Jun. 25, 2023, open-soured model

• Jun. 27, 2023, #2 on GitHub Trending

• Jun. 26-Jul. 8, #1 on HF Trending

• Aug. 8, 2023, 1.8M downloads in HF

10k stars in GitHub



ChatGLM-6B

ChatGLM-130B

ChatGLM2-6B

ChatGLM2-130B

ChatGLM2-12B

ChatGLM2-32B

ChatGLM2-66B

ChatGLM2-6B



ChatGLM2-6B vs. ChatGLM2-12B



Tsinghua & Zhipu.AI GLMs

ChatGLM
Open | ACL | ICLR

WebGLM
Open | KDD



WebGLM = GLM + Search

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



Tsinghua & Zhipu.AI GLMs

ChatGLM
Open | ACL | ICLR

VisualGLM
Open

WebGLM
Open | KDD
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VisualGLM-6B = ChatGLM-6B + Visual

https://github.com/THUDM/VisualGLM-6B



Tsinghua & Zhipu.AI GLMs

ChatGLM
Open | ACL | ICLR

VisualGLM
Open

WebGLM
Open | KDD

CodeGeeX
Open | KDD



CodeGeeX2-6B
• Performance

• ChatGLM2-6B (1.4T text tokens) + 600B code tokens

• Python +57%, C++ +71%, Java +54%, JavaScript +83%, Go +56%, Rust +321%

• Inference
• Inference speed 3X up from CodeGeeX-13B to CodeGeeX2-6B

• AI Coding Assistant
• “CodeGeeX” plugin/extension on VS Code, Jetbrains for 100+ languages

• “Ask CodeGeeX”: code generation, code summarization, code translation, 
debugging, and comment generation, project-level generation

https://github.com/THUDM/CodeGeeX2

• 10M lines of code generated per day
• Tens of thousands daily active users



CodeGeeX2-6B on HumanEval

Zheng et al., CodeGeeX: A Pre-Trained Model for Code Generation with Multilingual Evaluations on HumanEval-X. KDD’23



Zheng et al., CodeGeeX: A Pre-Trained Model for Code Generation with Multilingual Evaluations on HumanEval-X. KDD’23

CodeGeeX2-6B on HumanEval-X



Tsinghua & Zhipu.AI GLMs

ChatGLM
Open | ACL | ICLR

VisualGLM
Open

WebGLM
Open | KDD

CodeGeeX
Open | KDD

xTrimoPGLM-100B
Protein | Antibody
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Protein Pre-training?

• “In general, the amino-acid sequence of a protein determines the 3D shape of a 
protein.” [Anfinsen et al., 1950]

• Protein sequences are constrained to adopt particular 3D structures optimized for 
accomplishing particular functions. [Elnaggar et al., TPAMI'21]

• These constraints mirror the rules of grammar and meaning in NLP. 

1D Sequence → 3D Structure → Function
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2000 20192010 20152005 Year

# known protein sequences grows in the exponential order.
# Known protein structures grows in the linear order.

• There only have 200-300K experimental-determined protein structures,
while owning billion-scale protein sequences.

Protein Pre-training?
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• Data (500M seqs, 150B toks) = 2 * U90 (300M seqs) + 1 * CFDB (200M seqs)
• ESM2 is trained on 65M seqs sampled from U50 and U90.

• During the pre-training phase, 1T tokens are consumed.

Protein Data
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• [MASK]:
– xTrimoPGLM acts like BERT.

• [sMASK] OR [gMASK]:
– xTrimoPGLM acts like GPT.

Protein Pre-training

Chen et al. xTrimoPGLM: Unified 100B-Scale Pre-trained Transformer for Deciphering the Language of Protein. bioRxiv, 2023
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• Evaluation: 15 tasks covering four types of protein understanding tasks.
– Protein Structure: Contact Prediction, SSR, etc.
– Protein Function：Anti-resistance Prediction, etc.
– Protein Developability：Stability Prediction & Solubility Prediction, etc.
– Protein Intractability：PPI, etc.

Protein Understanding

• SOTA on 13/15 tasks
• Universally good on four types

of tasks
• Scaling laws & Emergent ability

Chen et al. xTrimoPGLM: Unified 100B-Scale Pre-trained Transformer for Deciphering the Language of Protein. bioRxiv, 2023
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Protein Understanding

Chen et al. xTrimoPGLM: Unified 100B-Scale Pre-trained Transformer for Deciphering the Language of Protein. bioRxiv, 2023
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xTrimoPGLM can generate structurally similar but low sequence identity novel protein sequences 
when compared to natural ones, which is meaningful for drug synthesis.

Protein Design

• Empirical analysis of the structures (predicted by AF2) from generated
sequences (Yellow for generated sequences while blue for natural sequences.)

Chen et al. xTrimoPGLM: Unified 100B-Scale Pre-trained Transformer for Deciphering the Language of Protein. bioRxiv, 2023
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xTrimoPGLM-Ab

• xTrimoPGLM-Ab: pre-trained on antibodies
– xTrimoPGLM-Ab performs SOTA on the wide range of related-tasks.
– Taking, antibody structural predictions, for example.

• Alphafold2:
• 64 evoformer layer + MSA search + template search

• xTrimoPGLM-AbFold:
• 1 evoformer layer + no MSA search + no template search

Information Fusion

Chen et al. xTrimoPGLM: Unified 100B-Scale Pre-trained Transformer for Deciphering the Language of Protein. bioRxiv, 2023
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Single
Chain

Double
Chains

6,300X

103X

Antibody Structure Prediction

Chen et al. xTrimoPGLM: Unified 100B-Scale Pre-trained Transformer for Deciphering the Language of Protein. bioRxiv, 2023



Tsinghua & Zhipu.AI GLMs

ChatGLM
Open | ACL | ICLR

VisualGLM
Open

WebGLM
Open | KDD

CodeGeeX
Open | KDD

xTrimoPGLM-100B
Protein | Antibody



Open LLM Research

https://github.com/THUDM
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• ChatGLM-6B becomes 
the most impactful open 
LLM in China, according
to the gov.

• 5 in Top 10 include

• ChatGLM-6B

• GLM-130B

• CodeGeeX

• CogVideo

• GLM
Impact Increasing rate

Open LLM Research



Next

p In-context Learning

p Strengthen ICLs
p A sufficiently-trained LLM could be more powerful than we ever thought

p Unlock new ICLs

p Interactions with Env.

p With users

p With environments, e.g., Web, tools.

p Self Improvements

p self-instruct etc.



p Techniques (major)：
p Tsinghua Knowledge Engineering Group（KEG）
p Zhipu.AI

p GPUs (major)：

Thank You!



Thank You!

https://github.com/THUDM

https://huggingface.co/THUDM

https://chatglm.ai

@thukeg


