
Large Language Models (LLMs)

Prof. Kuan-Ting Lai

2024/11/19



Natural Language Processing (NLP)

2https://blog.xiteb.com/best-natural-language-processing-models-available-for-nlp-tasks/ 

https://blog.xiteb.com/best-natural-language-processing-models-available-for-nlp-tasks/


NLP 
Preprocessing
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Recurrent Neural Networks (RNNs)

• Effective for speech recognition, language modeling, translation

4http://colah.github.io/posts/2015-08-Understanding-LSTMs/

http://colah.github.io/posts/2015-08-Understanding-LSTMs/


Sequence-to-Sequence (Seq2Seq)

5
https://towardsdatascience.com/sequence-to-sequence-model-introduction-and-concepts-44d9b41cd42d 

https://towardsdatascience.com/sequence-to-sequence-model-introduction-and-concepts-44d9b41cd42d


Seq2seq Language Translation

6https://towardsdatascience.com/introduction-to-rnns-sequence-to-sequence-language-translation-and-attention-fc43ef2cc3fd 

https://towardsdatascience.com/introduction-to-rnns-sequence-to-sequence-language-translation-and-attention-fc43ef2cc3fd


Ed H. Chi (紀懷新)

• Google Bard靈魂推手來自台灣！
紀懷新解密Bard：AI有哪些限
制？怎麼訓練(2023/8/17)
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學歷：在六年半內取得明尼蘇達大學（University of 

Minnesota）學士、碩士和博士等3個學位。他獲選為電
腦協會院士（ACM Fellow）和人機互動學會院士（CHI 

Academy），也因在資訊視覺化研究貢獻獲頒20年的
Test of Time Award。他的相關研究與言論曾被《經濟學
人》、《時代雜誌》、《洛杉磯時報》和《美聯社》等
媒體報導和引用。

https://www.ftvnews.com.tw/news/detail/2023128W0143
https://www.ftvnews.com.tw/news/detail/2023128W0143
https://www.ftvnews.com.tw/news/detail/2023128W0143


How Google Created LLMs
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GPT1 
(2018)

GPT2 
(2019)

GPT3 
(2020)

ChatGPT 
(2022)

Sequence to 
Sequence Learning 
with Neural 
Networks 

Dec 2014

A Neural 
Conversational Model

Jun 2015

Attention is All You 
Need

Dec 2017

Chain-of-Thought 
Prompting Elicits Reasoning 
in Large Language Models

Jan 2022

LaMDA:

Language Models for 
Dialog Applications

Jan 2022

PaLM: Scaling Language 
Models with Pathways

Apr 2022

FLAN: Finetuned Language 
Models are Zero-Shot 
Learners

Feb 2022
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https://www.wired.com/story/eight-google-
employees-invented-modern-ai-transformers-paper/ 

https://twitter.com/Contrary_Res/status/1621203016903954438 

Jakob 
Uszkoreit

https://www.wired.com/story/eight-google-employees-invented-modern-ai-transformers-paper/
https://www.wired.com/story/eight-google-employees-invented-modern-ai-transformers-paper/
https://twitter.com/Contrary_Res/status/1621203016903954438


The Transformer Model

• Multi-head Attentions
− Self-attention in encoders

− Masked Self-attention in decoders

− Encoder-decoder attention

• Encoder-decoder architecture

• Positional encoding

10
A. Waswani et al., “Attention is All You Need, ” NIPS, 2017

https://arxiv.org/abs/1706.03762


Attention Module in Transformer

• Query (Q), Key (K), Value (V) attention

11
A. Waswani et al., “Attention is All You Need, ” NIPS, 2017

https://arxiv.org/abs/1706.03762


Visualizing Attention

• Tensor2Tensor Notebook
https://colab.research.google.com/github/tenso
rflow/tensor2tensor/blob/master/tensor2tensor
/notebooks/hello_t2t.ipynb
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Inputs: The animal didn't cross the 

street because it was too tired 

Outputs: Das Tier überquerte die Straße 

nicht, weil es zu müde war, weil es zu 

müde war.

https://colab.research.google.com/github/tensorflow/tensor2tensor/blob/master/tensor2tensor/notebooks/hello_t2t.ipynb
https://colab.research.google.com/github/tensorflow/tensor2tensor/blob/master/tensor2tensor/notebooks/hello_t2t.ipynb
https://colab.research.google.com/github/tensorflow/tensor2tensor/blob/master/tensor2tensor/notebooks/hello_t2t.ipynb


Bidirectional Encoder Representations from 
Transformers (BERT)

13



OpenAI GPT: Pre-training Transformer Decoders

• Unsupervised pre-train transform decoders for predicting the next word 
(GPT: Generative Pre-Training)

• Use 12 Transformer decoders in GPT-1
− GPT-1: Improving Language Understanding with Unsupervised Learning (2018) 

− GPT-2: Better Language Models and Their Implications (2019) 

− GPT-3: Language Models are Few-Shot Learners (2020) 

14

https://openai.com/blog/language-unsupervised/
https://openai.com/blog/better-language-models/
https://arxiv.org/abs/2005.14165


OpenAI GPT for Different Tasks

15https://cdn.openai.com/research-covers/language-unsupervised/language_understanding_paper.pdf 

https://cdn.openai.com/research-covers/language-unsupervised/language_understanding_paper.pdf


OpenAI GPT-2

• Pre-trained using 40GB of Internet text

• Scale-up of GPT with 10X parameters trained with 10X data

• Other tricks
− Layer normalization was moved to the input of each sub-block

− An additional layer normalization was added after the final self-attention block

16
https://openai.com/blog/better-language-models/ 

https://openai.com/blog/better-language-models/


Size does Matter! GPT-3

• 175 Billion 
Parameters!

• 175×4=700GB

• 55 years and 
$4,600,000 to 
train - even 
with 
the lowest 
priced GPU 
cloud on the 
market.

17https://medium.com/analytics-vidhya/openai-gpt-3-language-models-are-few-shot-learners-82531b3d3122 

https://lambdalabs.com/service/gpu-cloud
https://lambdalabs.com/service/gpu-cloud
https://lambdalabs.com/service/gpu-cloud
https://lambdalabs.com/service/gpu-cloud
https://medium.com/analytics-vidhya/openai-gpt-3-language-models-are-few-shot-learners-82531b3d3122


mT5 T0

2019

2018

GPT-1

BERT

Word2Vec

GloVe
FastText

2020

Distill

BERT

GPT-2

T5

RoBERTa
ERNIE

XLNet

BART

2021

DeBERTa
ELECTRA

2022

GPT-Neo

GPT-J

2023

BLOOMZ

OPT-IML

YaLM

Galactica

BLOOM

OPT

GPT-NeoX

LLaMA

Switch

Tk

Flan

T5

ALBERT

GLM

Chat
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ST-MoE

ULMFiTELMo

Open-Source
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Evolutionary

Tree

2023 LLM 
Evolutionary 

Tree



LLM Architecture Comparison
Model Architecture Parameters Context Window Key Features

GPT-4o Decoder-only 128B 128k tokens
High quality, moderate price, good 
performance, and low latency

Llama 3.2 1B Decoder-only 1B 128k tokens Fastest output speed, low price

Gemini 1.5 Pro Decoder-only 2B 2M tokens
Large context window, moderate 
price, good performance

Claude 3.5 Decoder-only 200B 200k tokens
High quality, moderate price, good 
performance

Mistral 3B Decoder-only 3B 128k tokens Low price, good performance

Flan-UL2 Encoder-Decoder 20B 512 tokens
Good for fine-tuning, versatile 
applications

Bard Encoder-Decoder 13B 512 tokens
High quality, good for conversational 
AI

Bloom Decoder-only 176B 2048 tokens
Open-source, multilingual 
capabilities

19



LLM Leaderboard

• https://artificialanalysis.ai/leaderboards/models 

20

https://artificialanalysis.ai/leaderboards/models


Free Lunch

Click



ChatGPT Plugin!

Click



Custom 
ChatGPT

(1)

(2)





實驗室AI小助理



Install LLMs on 
Your PC



Training is like a Mountain, Running is like a Feather
(訓練重如泰山, 執行輕如鴻毛)

https://www.youtube.com/@AndrejKarpathy 

https://www.youtube.com/@AndrejKarpathy


Tools for Installing LLM

•GPT4All

•Hugging Face

•LangChain

•Llama.cpp

•Ollama 

https://semaphoreci.com/blog/local-llm 

https://github.com/nomic-ai/gpt4all
https://huggingface.co/
https://python.langchain.com/
https://github.com/ggerganov/llama.cpp
https://ollama.ai/
https://semaphoreci.com/blog/local-llm


TAIDE: Taiwan LLM (taide.tw )

https://taide.tw/index


Using GPT4All to Install TAIDE

Select 
“ZoneTwelve”

Enter “taide”



Select Your 
Model

GPU is required!



Meta’s 
LLaMA 3



Building Your Own LINE ChatBot



OpenAI Platform (for Developers)



OpenAI Assistant API



OpenAI Prompt

• Converting data into 
CSV



No Free Lunch



Model Pricing

• https://openai.com/api/pricing/ 

https://openai.com/api/pricing/


Generate API Key

• Create API keys for different applications



Connect to LineBot

• Connect LINE API via your server or cloud services

1.Your server

…
.

2.

3.



Register LINE Business Account



Setup LINE BOT

• Messaging API | LINE Developers 

https://developers.line.biz/zh-hant/services/messaging-api/


Create a Messaging API channel





Add Our Class TA!



Turn on Webhook



Backend: Google App Script

• Free backend automation: https://script.google.com/ 

• Source code download: https://destiny-panther-762.notion.site/CODE-
d84f4cd6dd0e492d95c0b5200cceefdd 

https://script.google.com/
https://destiny-panther-762.notion.site/CODE-d84f4cd6dd0e492d95c0b5200cceefdd
https://destiny-panther-762.notion.site/CODE-d84f4cd6dd0e492d95c0b5200cceefdd


Create new Script

• Create 3 scripts: doPost().gs, ChatGPT_api().gs, pushLineBotMessage().gs



doPost().
gs



ChatGPT_api().gs



pushLineBot
Message().gs



Deploy Google Apps Script (1)



Deploy Google 
Apps Script (2)



Deploy Google 
Apps Script (3)



Setup LINE BOT’s Webhook



Talk to Our 
Assistant



Generate Gif

• Choose “Explore GPTs”, 
Enter “gif”



Thank You!
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