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National Taipei University

Week Date Subject/Topics
1 2024/09/10 Introduction to Artificial Intelligence

3 2024/09/24 Artificial Intelligence and Intelligent Agents; Problem Solving

4 2024/10/01 Knowledge, Reasoning and Knowledge Representation;
Uncertain Knowledge and Reasoning

52024/10/08 Case Study on Artificial Intelligence |
6 2024/10/15 Machine Learning: Supervised and Unsupervised Learning



Syllabus A<,

National Taipei University

Week Date Subject/Topics

7 2024/10/22 The Theory of Learning and Ensemble Learning
8 2024/10/29 Midterm Project Report

10 2024/11/12 Deep Learning and Reinforcement Learning
11 2024/11/19 Case Study on Artificial Intelligence Il

12 2024/11/26 Deep Learning for Natural Language Processing



Syllabus A<,

National Taipei University

Week Date Subject/Topics

13 2024/12/03 Computer Vision and Robotics

14 2024/12/10 Generative Al,
Philosophy and Ethics of Al and the Future of Al

15 2024/12/17 Final Project Report |
16 2024/12/24 Final Project Report I



Generative Al,
Philosophy and
Ethics of Al
and
the Future of Al



Outline

* Generative Al
* Philosophy, Ethics, and Safety of Al
* The Limits of Al
* Can Machines Really Think?
* The Ethics of Al
* The Future of Al
* Al Components
* Al Architectures



Stuart Russell and Peter Norvig (2020),
Artificial Intelligence: A Modern Approach,

4th Edition, Pearson

Russell BAFTicIal Intelligence
Norvig A Modern Approach

P Fourth Edition

Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson
https://www.amazon.com/Artificial-Intelligence-A-Modern-Approach/dp/0134610997/
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Artificial Intelligence:
A Modern Approach

. Artificial Intelligence

. Problem Solving

. Knowledge and Reasoning

. Uncertain Knowledge and Reasoning

. Machine Learning

. Communicating, Perceiving, and Acting
. Philosophy and Ethics of Al



Artificial Intelligence:
7. Philosophy and Ethics of Al

* Philosophy, Ethics, and Safety of Al
* The Limits of Al
* Can Machines Really Think?
* The Ethics of Al
* The Future of Al
* Al Components
* Al Architectures



Reinforcement Learning (DL)
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Reinforcement Learning (DL)
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Agents interact with environments
through sensors and actuators
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Al Acting Humanly:

The Turing Test Approach
(Alan Turing, 1950)

* Knowledge Representation
* Automated Reasoning
* Machine Learning (ML)
* Deep Learning (DL)
 Computer Vision (Image, Video)
* Natural Language Processing (NLP)
* Robotics

SSSSSS : Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson
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NVIDIA Developer Program

https://developer.nvidia.com/join-nvidia-developer-program

NVIDIA
Deep Learning Institute (DLI)

https://learn.nvidia.com/



https://developer.nvidia.com/join-nvidia-developer-program
https://learn.nvidia.com/

<A NVIDIA.

Join the
NVIDIA
Developer
Program

take one of the

complimentary

technical self-

paced courses
(worth up to $90)

Generative Al and LLMs

8 hours

Getting Started With Deep
Learning

Explore the fundamentals of deep learning by
training neural networks and using results to
improve performance and capabilities.

Graphics and Simulation Accelerated Computing

2 hours

Modeling Time-Series Data
With Recurrent Neural
Networks in Keras

Explore how to classify and forecast time-series
data using recurrent neural networks (RNNs), such
as modeling a patient’s health over time.

Data Science Deep Learning

4 hours

Deploying a Model for
Inference at Production Scale

Learn how to deploy your own machine learning
models on a GPU server.

8 hours

Building Real-Time Video Al
Applications

Gain the knowledge and skills needed to enable the
real-time transformation of raw video data from
widely deployed camera sensors into deep learning-
based insights.

2 hours

Introduction to Graph Neural
Networks

Learn the basic concepts, models, and applications
of graph neural networks.

4 hours

Introduction to Physics-
Informed Machine Learning
With Modulus

Learn the various building blocks of NVIDIA
Modulus, which turbocharges use cases by building
physics-based deep learning models that are
100,000X faster than traditional methods and
offers high-fidelity simulation results.

2 hours

Get Started With Highly
Accurate Custom ASR for
Speech Al

Learn to build, train, fine-tune, and deploy a GPU-
accelerated automatic speech recognition (ASR)
service with NVIDIA® Riva that includes customized

features.

2 hours

Integrating Sensors With
NVIDIA DRIVE

Find out how to integrate automotive sensors into
your applications using NVIDIA DRIVE®.

https://developer.nvidia.com/join-nvidia-developer-program
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Self-Paced Course

Generative Al Explained

Free
2 hours

Self-Paced Course

Building RAG Agents With
LLMs

Certificate available
Free
8 hours

https://www.nvidia.com/en-us/learn/learning-path/generative-ai-llm/

Self-Paced Course

Getting Started With Deep
Learning

Certificate available
$90
8 hours

Instructor-Led Workshop

Building RAG Agents With
LLMs

Certificate available
$500
8 hours

Instructor-Led Workshop

Fundamentals of Deep
Learning

Certificate available
$500
8 hours

Self-Paced Course

Generative Al with
Diffusion Models

Certificate available
$90
8 hours

@nVPA NVIDIA Deep Learning Institute (DLI)

Self-Paced Course

Introduction to Transformer-
Based Natural Language
Processing

Certificate available
$30
6 hours

Instructor-Led Workshop

Generative Al with
Diffusion Models

Certificate available
$500
8 hours

18


https://learn.nvidia.com/en-us/training/self-paced-courses

v

NVIDIA.

*;f;\nV|D|A, Products Solutions Industries For You

NVIDIA Deep Learning Institute (DLI)

Shop Drivers Support Q T Register 'wj{?j:ju

Deep Learning Institute Find Training Self Paced Courses Instructor-Led Workshops ~Educator Programs  Enterprise Solutions  Certification ~Resources

All Training Course Catalog Stay Informed

Filters

Level +
Format +
Topics -

UDeep Learning
(JAccelerated Computing
(JGenerative Al/LLM
(JGraphics and Simulation
(JOpenuUSD

(JData Science

CINIMS

CINIM

(JRAPIDS

Free / Paid +

I anmiiana -+

What do you want to learn today?

Generative Al

Q Sort by: | - v

Showing 19 results

All Courses

Self-paced

Generative Al Explained

Free
02:00

Self-paced

Augment your LLM Using

Self-paced

Generative Al with Diffusion
Models

$90
08:00

Self-paced

Introduction to Transformer-

== @Generative Al

Instructor-Led

Generative Al with Diffusion
Models

08:00

Instructor-Led

Rapid Application

https://learn.nvidia.com/en-us/training/find-training?qg=Generative+Al

19
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<A NVIDIA.

Generative Al Explained

((’gnV|D|A, Products Solutions Industries For You Shop Drivers Support Q 9

Deep Learning Institute Find Training s Courses Instructor-Lec

Self-paced Course

Generative Al Explained

In this no-coding course, learn Generative Al concepts and applications, as well as the challenges
and opportunities in this exciting field.

About Course Objectives Topics Covered Course Outline Stay Informed Contact Us

About this Course Course Details

Generative Al describes technologies that are used to generate new content based on a variety of inputs. In recent time, Generative Al Duration: 02:00

involves the use of neural networks to identify patterns and structures within existing data to generate new content. In this course, you
will learn Generative Al concepts, applications, as well as the challenges and opportunities in this exciting field. Price: Free
Level: Technical - Beginner

Subject: Generative Al/LLM

Learning Objectives

Upon completion, you will have a basic understanding of Generative Al and be able to more effectively use the various tools built on this

https://learn.nvidia.com/courses/course-detail?course id=course-v1:DLI+S-FX-15+V1

Language: English

Min-Yuh Day v
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<X NVIDIA.

Introduction to Transformer-Based
Natural Language Processing

QanV")lA, Products Solutions Industries For You

Deep Learning Institute Finc

Self-paced Course

Introduction to Transformer-Based
Natural Language Processing

Learn how Transformers are used as the building blocks of modern large language models (LLMs).
You'll then use these models for various NLP tasks, including text classification, named-entity
recognition (NER), author attribution, and question answering.

About Course Objectives Topics Covered Course Outline Stay Informed Contact Us

About this Course

Large Language Models (LLMs), or Transformers, have revolutionized the field of natural language processing (NLP). Driven by recent
advancements, applications of NLP and generative Al have exploded in the past decade. With the proliferation of applications like
chatbots and intelligent virtual assistants, organizations are infusing their businesses with more interactive human-machine
experiences. Understanding how Transformer-based large language models (LLMs) can be used to manipulate, analyze, and generate
text-based data is essential. Modern pre-trained LLMs can encapsulate the nuance, context, and sophistication of language, just as
humans do. When fine-tuned and deployed correctly, developers can use these LLMs to build powerful NLP applications that provide
natural and seamless human-computer interactions within chatbots, Al voice agents, and more. In this course, you'll learn how
Transformers are used as the building blocks of modern large language models (LLMs). You'll then use these models for various NLP

Shop Drivers Support Q Y

Course Details

Duration: 06:00

Price: $30

Level: Technical - Beginner
Subject: Generative Al/LLM

Language: English

https://learn.nvidia.com/courses/course-detail?course id=cou}se-;/1:DLI+S-FX-08+V1

Min-Yuh Day v
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<A NVIDIA.

Building RAG Agents with LLMs

@an\"DlA, Products Solutions Industries For You

Deep Learning Institute Find Training  se s Ine or-Le ' Educator P ms

Self-paced Course

Building RAG Agents with LLMs

Agents powered by large language models (LLMs) have shown great retrieval capability for using
tools, looking at documents, and plan their approaches. This course will show you how to deploy an
agent system in practice with the flexibility to scale up your system to meet the demands of users
and customers.

About Course Objectives Topics Covered Course Outline Stay Informed Contact Us

About this Course

This course is free for a limited time.

The evolution and adoption of large language models (LLMs) have been nothing short of revolutionary, with retrieval-based systems at
the forefront of this technological leap. These models are not just tools for automation; they are partners in enhancing productivity,
capable of holding informed conversations by interacting with a vast array of tools and documents. This course is designed for those
eager to explore the potential of these systems, focusing on practical deployment and the efficient implementation required to
manage the considerable demands of both users and deep learning models. As we delve into the intricacies of LLMs, participants will
gain insights into advanced orchestration techniques that include internal reasoning, dialog management, and effective tooling
strategies.

Shop Drivers Support Q © Min-Yuh Day v

Enter

Course Details

Duration: 08:00

Price: Free

Level: Technical - Intermediate
Subject: Generative Al/LLM
Language: English

Course Prerequisites:
Introductory deep learning knowledge, with comfort

https://learn.nvidia.com/courses/course-detail?course id=course-v1:DLI+S-FX-15+V1
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<A NVIDIA.

Generative Al with Diffusion Models

@gn\"DlA, Products Solutions Industries For You Shop Drivers Support Q o Min-Yuh Day v

Deep Learning |nstitute Find Training Se _ourses  Instructor- grams Enterprise Solutions Certification

Self-paced Course

Generative Al with Diffusion Models

Take a deeper dive into denoising diffusion models, which are a popular choice for text-to-image
pipelines, with applications in creative content generation, data augmentation, simulation and
planning, anomaly detection, drug discovery, personalized recommendations, and more.

About Course Objectives Topics Covered Course Outline Stay Informed Contact Us

About this Course Course Details

Thanks to improvements in computing power and scientific theory, generative Al is more accessible than ever before. Generative Al Duration: 08:00

plays a significant role across industries due to its numerous applications, such as creative content generation, data augmentation,

simulation and planning, anomaly detection, drug discovery, personalized recommendations, and more. In this course, learners will take Price: $90

a deeper dive into denoising diffusion models, which are a popular choice for text-to-image pipelines. Subject: Generative Al/LLM

Language: English

Lea rn i n g 0 bj ectives Course Prerequisites:

A basic understanding of Deep Learning Concepts.

https://learn.nvidia.com/courses/course-detail?course id=course-v1:DLI+S-FX-14+V1
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=MIPIA- Join the NVIDIA Developer Program

take one of the complimentary technical self-paced courses (worth up to $90)

(@2 NVIDIA.DEVELOPER Home Blog Forums Docs Downloads Training

Topics ¥ Platforms ¥ Industries ¥ Resources ~

Choose a Technical Training Course. It’s On Us.

Join the NVIDIA Developer Program and take one of the complimentary technical self-paced courses below (worth up to $90).

Generative Al and LLMs Graphics and Simulation Accelerated Computing Data Science Deep Learning
6 hours 3 hours
Introduction to Transformer- Prompt Engineering With
Based Natural Language Llama 2

Processing

Interact with and prompt engineer Llama 2 models
Learn how transformers are used as the building to analyze documents, generate text, and be an Al
blocks of modern large language models (LLMs). assistant.
Then use these models for various natural language

processing (NLP) tasks, including text

classification, named-entity recognition (NER),

author attribution, and question answering.

https://developer.nvidia.com/join-nvidia-developer-program
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MDA Join the NVIDIA Developer Program

take one of the complimentary technical self-paced courses (worth up to $90)

<ANVIDIA

OO A
K«\&F/K{; nv I D I A
g o

\'}
Sign in or sign up with your email address

Email Address

user@domain.com

Privacy Policy | Legal Info | Contact Us

https://developer.nvidia.com/join-nvidia-developer-program
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https://developer.nvidia.com/join-nvidia-developer-program

<A NVIDIA.

Join the NVIDIA Developer Program

take one of the complimentary technical self-paced courses (worth up to $90)

Date of birth

ETIY

D

Privacy Policy | Legal Info | Contact Us . ! ‘ English (US)

Copyright © 2024 NVIDIA Corporation

https://developer.nvidia.com/join-nvidia-developer-program
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SMVIPA- Join the NVIDIA Developer Program

take one of the complimentary technical self-paced courses (worth up to $90)

NVIDIA. DEVELOPER DEEP LEARNING INSTITUTE PROGRAM BENEFITS

SELECT YOUR FREE COURSE.

Thank you for your participation in the NVIDIA Developer Program. Please select your free DLI course below. English

Integrating Sensors with NVIDIA DRIVE® ) . ) .
Generative Al with Diffusion Models
Take a deeper dive into denoising diffusion models, which are a popular choice for text-

Deploying a Model for Inference at Production Scale to-image pipelines, with applications in creative content generation, data augmentation,
simulation and planning, anomaly detection, drug discovery, personalized

Get Started with Highly Accurate Custom ASR for Speech Al recommendations, and more.

Getting Started with Deep Learning

Introduction to Graph Neural Networks @Certiﬁcate Available

Introduction to Transformer-Based Natural Language Processing
@Duration: 08:00
Prompt Engineering with LLaMA-2 (Access Expires Dec. 5th 2025)
Generative Al with Diffusion Models
Building Real-Time Video Al Applications

Introduction to Robotic Simulations in Isaac Sim

https://developer.nvidia.com/join-nvidia-developer-program 27
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<A NVIDIA.

Join the NVIDIA Developer Program

take one of the complimentary technical self-paced courses (worth up to $90)

NVIDIA. DEVELOPER DEEP LEARNING INSTITUTE PROGRAM BENEFITS

SELECT YOUR FREE COURSE.

Thank you for your participation in the NVIDIA Developer Program. Please select your free DLI course below. English

Modeling Time Series Data with Recurrent Neural Networks in Keras (Access

ends 10/16/2024) Getting Started with Deep Learning

Optimizing CUDA Machine Learning Codes With Nsight Profiling Tools Learn how deep learning works through hands-on exercises in computer vision and
natural language processing.

Getting Started with Accelerated Computing in CUDA C/C++ @
%% Certificate Available

Fundamentals of Accelerated Computing with CUDA Python
_ (Oburation: 08:00
Fundamentals of Accelerated Computing with OpenACC
Integrating Sensors with NVIDIA DRIVE®
Getting Started with Deep Learning

Deploying a Model for Inference at Production Scale

Get Started with Highly Accurate Custom ASR for Speech Al

https://developer.nvidia.com/join-nvidia-developer-program
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SMVIPA- Join the NVIDIA Developer Program

take one of the complimentary technical self-paced courses (worth up to $90)

NVIDIA. DEVELOPER DEEP LEARNING INSTITUTE PROGRAM BENEFITS

SELECT YOUR FREE COURSE.

Thank you for your participation in the NVIDIA Developer Program. Please select your free DLI course below. English

Get Started with Highly Accurate Custom ASR for Speech Al
Generative Al with Diffusion Models

Take a deeper dive into denoising diffusion models, which are a popular choice for text-
Introduction to Transformer-Based Natural Language Processing to-image pipelines, with applications in creative content generation, data augmentation,
simulation and planning, anomaly detection, drug discovery, personalized
recommendations, and more.

Introduction to Graph Neural Networks

Prompt Engineering with LLaMA-2 (Access Expires Dec. 5th 2025)

Generative Al with Diffusion Models

Q Certificate Available

Building Real-Time Video Al Applications
(©Duration: 08:00
Introduction to Robotic Simulations in Isaac Sim
Introduction to Physics-informed Machine Learning with Modulus
Essentials of USD in Omniverse: Access Expires 09/18/2025

Synthetic Data Generation for Training Computer Vision Models

https://developer.nvidia.com/join-nvidia-developer-program 29
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|NVIDIA.

NVIDIA Deep Learning Institute (DLI)

Deep Learning |nstitute Find Training Self Paced Courses Instructor-Led Workshops Educator Programs Enterprise Solutions Certification Resources

Monthly Activity Skills Certificates

Skill Points 0

Time Spent
1-

Courses in Progress 1 No Certificates

Courses Completed 0 You don't have any certificates yet.

Watched Videos

Assessments

Courses in Progress

Self-paced

Generative Al with Diffusion
Models

0% Completed
08:00

https://learn.nvidia.com/my-learning
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NVIDIA.

NVIDIA Deep Learning Institute (DLI)

NVIDIA. Products Solutions Industries For You Shop Drivers Support Min-Yuh Day v

Deep Learning |nstitute Find Training Self Paced Courses Instructor-Led Workshops Educator Programs Enterprise Solutions Certification Resources

Generative Al with Diffusion Models

Course Progress Bookmarks Updates

Generative Al with Diffusion Models > StartHere » O:Server Access

Generative Al with Diffusion

Models Next
Start Here
(= [ [ [ [ [ [ [ [] [ [ [ [
Next Steps
Feedback 0: Server Access

[1 Bookmark this page

Welcome to Generative Al with Diffusion Models. Please click "Next" below to get started.

Underneath each video is a link to start your own private server for hands-on coding practice. Click the "Start" button to boot up the server. In a few
minutes after the server is done loading, click "Launch” to access the code labs.

1: From U-Nets to Diffusion

Theory

https://learn.nvidia.com/my-learning
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NVIDIA.

f‘f}\nVIDIA. Products Solutions Industries For You

Deep Learning Institute Find Training Self Paced Courses Instructor-Led Workshops

Monthly Activity

Skill Points
Time Spent
Courses in Progress

Courses Completed

Completed Courses

Self-paced

Sizing LLM Inference Systems

100% Completed
03:00

Skills

Self-paced

Augment your LLM Using
Retrieval Augmented
Generation

100% Completed
01:00

Self-paced

Building RAG Agents with
LLMs

Deep Learning Institute (DLI)

Shop Drivers Support Q 9 Min-Yuh Day v

Educator Programs Enterprise Solutions Certification Resources

Certificates
-

Introduction to -
Transformer- Building RAG
Based Natural Agents with

Language LLMs

Processing

View more
Self-paced Self-paced

Introduction to Transform
Based Natural Language
Processing

Generative Al Explained

100% Completed
08:00

100% Completed 100% Completed
02:00 06:00

https://learn.nvidia.com/my-learning
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(\2DVIDIA. Products Solutions Industries For You Shop Drivers Support Q 9 Min-Yuh Day v

<A NVIDIA.

Deep Learning Institute Find Training

Self-Paced Courses AllCourses  Free Courses  Benefits  Partners  Resources

All Self-Paced Courses

NVIDIA

Accelerated Computing Data Science Deep Learning Generative Al/LLM Graphics and Simulation Infrastructure

Share Generative Al/LLM Courses %

Deep
Learnin

Self-paced

Generative Al Explained

Self-paced

Introduction to NVIDIA NIM™
Microservices

Self-paced

Introduction to Deploying
RAG Pipelines for Production
at Scale

Self-paced

Generative Al with Diffusion
Models

Free Free $90 $90
02:00 02:00 03:00 08:00
[ )
n S t l t u t e Self-paced FMfzpaced Self-paced Self-paced

Techniques for Improving the
Effectiveness of RAG Systems

Introduction to Transformer-
Based Natural Language

Building LLM Applications
With Prompt Engineering

Synthetic Tabular Data
Generation Using

Processing Transformers
( D LI ) $30 $30 $90 $30
03:00 06:00 08:00 04:00

Self-paced

Sizing LLM Inference Systems

Self-paced

Building RAG Agents with

Self-paced

Augment your LLM Using

LLMs Retrieval Augmented
Generation
Free Free Free
03:00 08:00 01:00

https://learn.nvidia.com/en-us/training/self-paced-courses
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<A NVIDIA.

Certificate of Competency

This certificate is awarded to

Min-Yuh Day

for demonstrating competence in the completion of

Introduction to Transformer-Based Natural Language Processing

/%07/7 a -2’

" 77
Greg Estes

Vice President, NVIDIA

Issue Date: : December 5, 2024
Certification ID: twpWsrB4TDCQOErgAoEt6w |
https://learn.nvidia.com/certificates?id=twpWsrB4TDCQOErgAoEt6w/courses/course?course_id=course-v1:DLI+S-FX-08+V1

https://learn.nvidia.com/certificates?id=twpWsrB4TDCQOErgAoEt6w
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< NVIDIA.

Certificate of Completion

This certificate is awarded to

Min-Yuh Day

for successfully completing
Building RAG Agents with LLMs

/%07/7 a -2

7 77/
Greg Estes

Vice President, NVIDIA

Issue Date: : December 8, 2024
Certification ID: ed-qOCIMQaatzU8SNUNxgw |
https://learn.nvidia.com/certificates?id=ed-qOCIMQaatzU8SNUNxgw/courses/course?course_id=course-v1:DLI+S-FX-15+V1

https://learn.nvidia.com/certificates?id=ed-qOCIMQaatzUSSNUNxgw 35
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< NVIDIA.

Al Virtual Assistant for Customer Service

Al Virtual Assistant to reduce handling time, boost customer satisfaction

Benefits

* Personalized Responses: Handles structured and
unstructured customer queries (e.g., order details,

spending history).

* Multi-Turn Dialogue: Offers context-aware, seamless
interactions across multiple questions.

* Custom Conversation Style: Adapts text responses to
reflect corporate branding and tone.

» Sentiment Analysis: Analyzes real-time customer
interactions to gauge sentiment and adjust responses.

* Multi-Session Support: Allows for multiple user sessions
with conversation history and summaries.

 Data Privacy: Integrates with on-premises or cloud-
hosted knowledge bases to protect sensitive data.

Ingest

Load,
Customer Profiles,
Order History

Structured Data

-
-
@

SQL
Database

Text Retriever

Unstructured Data Microservice

Milvus Vector
DB (cuVvSs)

A

Retriever
Embedding NIM

Virtual Assistant

g

Retriever
Reranking NIM

c i mm
User Feedback . +

Authenticated User Al Virtual Assistant Agent

SQL Database
Retriever
(PandasAl)

Microservice

User Interface | [

Checkpointer

Redis Cache SQL

SQL

Database Database

(%)

LLM NIM

Authenticated Admin Console Analytics Microservices




< NVIDIA.

Digital Humans for Customer Service
S125B market for digital human economy by 2035

Web Front End

=
o
3

=1
=

‘ . ‘ ' 4— Audio In . . ex'(/: . . —
e " ))> E @ r  pudio Out > u+ < % > [ =5 >
User Audio Video Audio/Video ACE Agent TextResponse RAG
Streaming Application
A AA A
Benefits e e DgAv'z
e Increases engagement and 3D Animation Pipeline Audio Pipeline
satisfaction for user-facing o (e
applications ‘ [ 1
Omniverse
* Creates a lifelike 3D digital renderer v
human with accurate skin, hair; @ < cd L @
anlmatlon’ and speeCh Animation Graph AMe Ritg ElevenLabs TTS
* Enables natural conversations M
with enterprise applications E ’

a n d d a ta Feedback Data
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<A NVIDIA.

Multimodal PDF Data Extraction for Enterprise RAG

Unlocks Knowledge from trillions of PDFs

Response

<
(&) —

b
eﬂb—b@—b—b & —>

User Front End NeMo Retriever Vector NeMo Retriever LLM
Embedding Database Reranking
User Feedbith iy —_—) $
On Response E Q 4 N
Feedback Data NeMo Retriever
Retrieval Pipeline Embedding

Benefits

Ingestion Pipeline

* Unlocks the next level Chart Extraction

of indexable enterprise data

from text to images and

charts Charts as > $ $ $
- Images v v v

* High-accuracy extraction
and responses VLM Chart Element Detector OCR

DePlot CACHED PaddleOCR Text
* Enterprise-scale
r - - ragesas P —_—
PDF ingestion Images \/

If_.l Object Detection
EE _> _T YOLOX — Tlables as
mages

Documents PDF Parser Table Extraction Post-Process Chunking/Ingestion
L PaddleOCR Filtering Logic
Text Content and Metadata

Text > _>

G




Transformer Models (&
Transformer )

Encoder Decoder

|

DistilBERT T5
|

BART
|

M2M-100
I

ALBERT BigBird GPT-Neo

|
ELECTRA mTO

21 ANE

BLOOMZ

DeBERTa ChatGPT
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The Development of LM-based Dialogue Systems

1) Early Stage (1966 - 2015)

2) The Independent Development of TOD and ODD (2015 - 2019)

3) Fusions of Dialogue Systems (2019 - 2022)
4) LLM-based DS (2022 - Now)

______________________

) GLM

o~ PalLM / UL2 / Flan-
T5 / Flan-PaLM

(OX) OPT / Galatica

.‘ ! [ p— | A —~ A mT5 / LaMDA A -
ASK p ' o uer
il Eliza: ALICE | @ sii 7% 'Seq2Seq @ ° O sroom
i i A TTTRTTTT i 2ing Dong 3AAL Cparo
2016 | ... 2019 2020 | - | .

2021 2022 2023

| A\ | Anthropic

2015 12016-2018

Chinchilla | ChatGLM

S T o~ . ~ r

e s ] | WATSON Xiaoice (5 Google Assistant {5 BERT {3 Meena w R / Sparrow i

o o | | =TS ms Microsoft a Alexa Price @ GPT (X) Blender " InstructGPT

= | 2 Pangu-a / ChatGPT & Bard
Gus K @ crrs | B P : G Bar
................. | Y £2 PLUG v * v 0Q LLaMA
e P ———————— > - — = P —— >
Early Stage: TOD Seq2Seq TOD and ODD PLM Different Fusions LLM LLM-based DS

Task-oriented DS (TOD), Open-domain DS (ODD)

P
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Major GenAl LLMs Research Milestones G

TPU

(2017-2024) B At

. - -

Foundation Scaling & Advanced Capabilities Instruction &

Architecture Reasoning
2017

2018 2019 2020 2021

[ R —
R i ——
[ i —_
R a——
[ [ ———
R N———

Attention Is All You
Need (Google)

GPT 2.0 (OpenAl) Scaling Laws Switch Transformers Chain-of-Thought
: ; (OpenAl) (Google) (Google)

BERT (Googl tron-LM
W' omoomn  ewomn RS
I (OpenAl} '
PaLM(Google} - -

‘l- N

E T5 (Google) E Foundation Models

' - ' (Stanford)

1 1

: ZeRO (Microsoft) i

‘ ' FLAN (Google) Chinchilla

: : : _ (Deephind) : :
\ v v v \ v v

Source: https://github.com/Hannibal046/Awesome-LLM 41



Multimodal Large Language Models (MLLM) G

MoE-LLaVA @ Qwen-VL-Max ¢2

S T
Publicly Fuyu-8B  aoceet v+ SPHINX - -
Available/Unavailable MobileVLM o Vary m Monkey _‘:7_ |

TextMonkey (= Mobile-Agent

ImageBind-LLM DreamLLM (@) MM 6§ 13 —

So»
- fa
MMICL @ Xcomposer ~-.- NEXT-GPT f0u12 2024 © Gemini
AnyMAL 00 / © Woodpecker
Video-LLaMA ¢2  3D-LLM | GPT-4V  ¢2 Qwen-VL| _
' ‘% Video-LLaVA
m PointLLM ©Y AsM
Kosmos-2 §" Lynx lit GPT4Rol B @ LLaMA-VID
viscPm & LIsA i
Pengi &  Chameleon &~ S @ LanguageBIND
DetGPT [j VisionLLM ¥  Otter 2"  LLaVA-Med LLaVA-1.5
LavIN € MultiModal-GPT = — o shikra @  MotionGPT ) CogVLM
/ SAAL Epy, Yo  Ferret
PaLM-E {5 LLaMA-Adapter (V) )
4-5 . ::;;' GLaMM
Kosmos-1 I® & LLaVA VideoChat
. 0
VIMA <X Flamingo §) / o» MiniGPT-4 @® InstructBLIP
: 1-3
7 ) o ® BLP-2 5"  HuggingGPT . LTU Bl EmbodiedGPT
—@ 2023 )
2022 2% MM-REACT . ViperGPT ) GPT4Tools ¢2 mPLUG-OwI
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Multimodal Large Language Models (MLLM)

________________ et
Image Text
: A [\
. Text é — > —>
Audio I
"”'""i L LLM -|||||-|-
. Video : E :.i
@ —> ZA::;:Z): Connector . Generator @
Aol . o
: 1] .
4 - 1 ~
. || i o
Multimodall LLM | HE NN | L
Three types of connectors: | ' — @il | « 4 | MH-Attn
. : — A | AQ AK AV
1. projection-based | 1 HE Q-Former | A—“
B MLP o | | | >
2. query-based o 1 I v X B
3. fusion-based connectors [ ) (Ml E s L ) :
| S C
I Learnable queries | o .
. I I J
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COICTEN]

buipugjsiapun

gleq

Multimodal Large Language Model (MLLM) G

CE T

for Vision Question Answering

-@' Conventional Deep Learning Q‘?’ Multimodal Large Language Model

[ [

: : [ 1
g ! . . 1

: Conventional One-hop Multi-hop 1 : Chain-of-thought LLM-aided & Multi-agent 1
1 1

: I : [ Action ] [ Memory ] :
1 [ SPARQL queries SPARQL, Memory, P Think Step by step i
: Dense Passage Graph, 1 : Step 1: Think xxxx : 1
. - 1

I [ e Retrieval (DPR), Implicit, ... : I Step 2: Consider LLM Control Center -
: ...... il XXXXX 1
[ 1

I : B ([ a s I
I ) " i Step n: Check xxxx A I
: Entlty-based Extraction Feature—based Extraction |,: Agent Agent Bent !
1 1

Q Conventional Deep Learning @M ultimodal Large Language Model

- 1, 1
I L 1
1 1 1
: Deep learning GNN-based Transformer : : Instruction p In-context :
. . rompt > ;
: Concat ] ( Add & Norm | . tuning Learning |
* 1, ¢ 1
: T T [ Feed Forward ] 1, ¢ 1
] t 1 1 1
LSTM H LSTM i & ) -
' f (_addanom J—ii @ uM & gl . | [
1 1 1 = 1
I [ Concat [ Multi-head self-att ] : 1 :
[ | 1
! ! EE—— A 3 - : Image-Text Alignment :
i o i = e e " 1y 1
. 1 1
; 1, 1
I I 1

Image Encoder Text Query

What is the person doing? " -l||||-l-

A. Eating. B. Sleeping.

C. Dancing. D. Singing. Video Rudic
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AVERAGE (%)

100

75

50

25

Multi-task Language Understanding on MMLU
GPT-4, Claude 3.5 Sonnet

Massive Multitask Language Understanding (MMLU)

GPT-4 (few-shot) Leeroo (5-shotlg ()
Fla"ﬂLM’s‘*OB Claude 3.5 Sonnet (5-shot): 88.700
Chinchﬁ‘QB.(S—sh‘dt) -— ,
Gopher 280B.(5<shot)
UnifiedQA 11B
RoBERTa<base 125M (fine-tuned)
./’
Jan 20 Jul 20 Jan 21 Jul 21 Jan 22 Jul '22 Jan 23 Jul '23 Jan 24 Jul 24

Other models  -o- Models with highest Average (%)

https://paperswithcode.com/sota/multi-task-language-understanding-on-mmlu
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LLM Capabilities

Summarization}.,

-------- ‘-.
ol _.+++| Simplification
. o et comprtnin Lo |

* .| Crosslingual QA -m

b “i . Logical
Translation f<...
-

Boolean QA

- l'i‘!'

[ Comprehension

o

ot -SQIf-uﬁnomont

Multilingual

_— -[Self-lmprovement]

solving
.+'| Tool planning
PosiNeg example | ] / decomposition) . .uueeeees

learning : — utilization
|
with users \

" aw T | p—

SN— B

+**| Completion
_____ ! . rask defintion

B Instruction
| API calling |

World

following

[ LLM Capabilities ]




LLM-powered Multimodal Agents
Large Multimodal Agents (LMAs)

Nov Mar May Jun Sep Oct Nov Jan
| | 5 | | | i ‘, . wmps |
| AudioGPT | M3 ControlLLM | —_ Dri'iyer MemoD:r0|d
| | MM-REACT | AutoDroid MusicAgenq  Chameleon | ; DroidBot-GPT
| | ChatVideo | ! | AVIS ‘Openagents | : | MLLM:-Tool

Visual{Programming :GPT4Tools | i i i LLaVAtPlus :EMMA DLAH

: ; 'HuggingGPT i Octopus| ‘ MM-Navigator |STEVE !
| | ; | : DEPS | WebWISE : = | Mulan
' \ ViperGPT i i AssistGPT i GRID | DDCoT Role of ECOT | AppAgent : :
: 'Visual ChatGPT ; AutorUl | Cola LLaVAtInteractive{ JARVIS-1 | Mobile-Agent
| | | | DiscussNav | i : | 0OS-Copilo
, 12 | : : ! : ' e ' B
3 (D Ko ® o A ¢ R N :

QoY © we' yl\'a\‘ W ik e® ot o Qov WO \o©

47



Four Paradigms in NLP (LM)

Paradigm Engineering Task Relation
CLS TAG
a. Fully Supervised Learning ieatli;zr didentitv. part-of-soeech H
(Non-Neural Network) & P P ’
sentence length)
| |GEN
CLS TAG
b. Fully Supervised Learning Architecture , 0 w [
N | Network (e.g. convolutional, recurrent,
(Neural Network) sell-allenlional)
| |GEN
Transfer Learning: Pre-training, Fine-Tuning (FT) CLS TAG
Objective . .M &
c. Pre-train, Fine-tune (e.g. masked language modeling, next N1
sentence prediction) l
-1 GEN
GAI: Pre-train, Prompt, and Predict (Prompting) CLS TAG
S
N

d. Pre-train, Prompt, Predict

Prompt (e.g. cloze, prefix)

1

— ~GEN

CE T

nnnnnnnnnnnnnnnnnnnnn ty

48



Large Language Models (LLM) G

° ° ° CE T
Three typical learning paradigms
4 p 4 h
A) Pretrain-finetune
(A) > Flntetu:; on I Infetrer:(c: on
« Typically requires many s as
task-specific examples \_ ) \_ Y,
* One specialized model
for each task
N\ 4 )
Pretrained | (B) Prompting ,| Inference on
LM Few-shot prompting / prompt engineering L
/ o J
4 N )
(C) Instruction tuning Instruction-tune on > Inference on
Model learns to perform many tasks: B, C, D, ... unseen task A

many tasks via natural \_ J L )
language instructions
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Popular Generative Al i

OpenAl ChatGPT (GPT-01, GPT-40, GPT-4)
Claude.ai (Claude 3.5)

Google Gemini

Meta Llama 3.3, Llama 3.2 Vision

Mixtral Pixtral (mistral.ai)
Chat.LMSys.org (Imarena.ai)

Perplexity.ai

Stable Diffusion

Video: D-ID, Synthesia

Audio: Speechify
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LMSYS Chatbot Arena Leaderboard

Rank
(StyleCtrl)

. Model

Gemini-Exp-1206

A

(.

e
\ NTPU

CE T

National Taipel University

Organization License A

Proprietary

2 4 Gemini-Exp-1121 1364 +4/-5 15004 Google Proprietary

4 3 0l-preview 1334 +5/-4 30448 OpenAl Proprietary

5 7 ol-mini 1307 +4/-3 37176 OpenAl Proprietary

5 6 Gemini-1.5:Pro-002 1302 +5/-3 32758 Google Proprietary

7 10 Grok-2-08-13 1289 +3/-3 55616 xAI Proprietary

7 11 Yi-Lightning 1287 +4/-4 29193 01 AT Proprietary

7 6 GPT-40-2024-05-13 1285 +3/-3 116858 OpenAI Proprietary
Claude 3.5 {7 T i s ot s [ [ s ene | reoncisay |

g 1 17 Athene-va-Chat-728 1278 +6/-6 8700 NexusFlow  NexusFlow

11 16 GLM-4-Plus 1274 +4/-5 28006 Zhipu AI Proprietary

11 18 GPT-40-mini-2024-07-18 1273 +3/-3 54539 OpenAl Proprietary

11 21 Gemini-1.5:Flash-002 1271 +4/-4 26276 Google Proprietary

11 28 =hanas 3. Nemorron- 700 1269 +6/-6 7676 Nvidia Llama 3.1

Instruct

https://Imarena.ai/
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Claude 3.5 Sonnet state-of-the-art vision

Graduate level
reasoning

GPQA (Diamond)

Undergraduate
level knowledge

MMILU Pro

Code
HumanEval

Math
problem-solving

MATH

High school math
competition
AIME 2024

Visual Q/A
MMMU

Agentic coding
SWE-bench Verified

Agentic tool use
TAU-bench

7~

Claude 3.5
Sonnet (new)

65.0%
O-shot CoT

78.0%
O-shot CoT

93.7%
O-shot

78.3%
O-shot CoT

16.0%
O-shot CoT

70.4%
O-shot CoT

49.0%

Retail
69.2%

Airline

46.0%

Claude 3.5
Haiku

41.6%
O-shot CoT

65.0%
O-shot CoT

88.1%
O-shot

69.2%
O-shot CoT

5.3%
O-shot CoT

40.6%

Retail
51.0%

Airline

22.8%

J

Claude 3.5
Sonnet

59.4%
O-shot CoT

751%
0O-shot CoT

92.0%
O-shot

71.1%
0O-shot CoT

9.6%
O-shot CoT

68.3%
O-shot CoT

33.4%

Retail
62.6%

Airline

36.0%

GPT-40*

53.6%
O-shot CoT

90.2%
O-shot

76.6%
0O-shot CoT

9.3%
O-shot CoT

692.1%
O-shot CoT

GPT-40
mini*

40.2%
O-shot CoT

87.2%
O-shot

70.2%
O-shot CoT

59.4%
O-shot CoT

Gemini 1.5

Pro

591%
O-shot CoT

75.8%
0O-shot CoT

86.5%
4-shot CoT

65.9%
O-shot CoT

Gemini 1.5
Flash

51.0%
O-shot CoT

67.3%
O-shot CoT

77.9%
4-shot CoT

62.3%
O-shot CoT

* Our evaluation tables exclude OpenAl’s o1 model family as they depend on extensive pre-response computation time,
unlike typical models. This fundamental difference makes performance comparisons difficult.

https://www.anthropic.com/news/3-5-models-and-computer-use

o X T

National Taipel University
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Llama 3.2 90B vision LLMs G

National Taipel University

Modality Benchmark Llama 3.211B 1 Llama 3.2 90B I Claude 3 - Haiku GPT-40-mini
i 1
MMMU o, 6 oot cor 50.7 : 60.3 : 50.2 59.4
i 1
1 1
MMMU-Pro, Standard (o cpte. st 33.0 1 45.2 i 27.3 423
1 1
1 ]
1
MMMU-Pro, Vision et 23.7 : 33.8 1 201 36.5
1 1
1 |
MathVista e 51.5 : 57.3 : 46.4 56.7
Image Chart - jerstand ! :
ChartQA (test. 0-shot CoT relaxed accuracy)® 83.4 1 85.5 | 81.7 —
i 1
I |
|
AIl2 Diagram e-o- 911 : 92.3 1 86.7 _
1 1
1 1
DOCcVQA (eet, anier 88.4 | 901 : 88.8 —
|
i 1
eral V Question Answering I I
VQAV2 e 75.2 I 781 i — —
1 1
. I :
MMLU o wroe, cor 73.0 : 86.0 I 752 82.0
1 1
. i |
MATH . 51.9 : 68.0 : 389 70.2
Text - 1 :
Reasor g I
GPQA (oo cc 32.8 1 46.7 i 333 40.2
i 1
1 |
It ja I
MGSM © ot cor 68.9 : 86.9 I 751 87.0
1 1

[ ———————————_

https://ai.meta.com/blog/llama-3-2-connect-2024-vision-edge-mobile-devices/ 53
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Llama 3.3 70B instruction-tuned

Category
Benchmark

General
MMLU Chat (O-shot, CoT)

MMLU PRO (5-shot, CoT)

Instruction Following
IFEval

Code
HumanEval (O-shot)

MBPP EvalPlus (base) (O-shot)

Math
MATH (O-sho, CoT)

Reasoning
GPQA Diamond (0O-shot, CoT)

Tool use
BFCL v2 (O-shot)

Long context
NIH/Multi-needle

Multilingual
Multilingual MGSM (O-shot)

Pricing*
1M Input (Cheapest among
tokens providers)*

1M Output (Cheapest among
tokens providers)*

Llama 3.170B

86.0

66.4

87.5

80.5

86.0

67.8

48.0

77.5

7S

86.9

$01

$0.4

(----------

Llama 3.3 70B

86.0

68.9

921

88.4

87.6

77.0

S50.5

77.3

97.5

911

$01

$0.4

N -

Amazon Nova
Pro

921

89.0

76.6

$0.80

$3.20

Llama 3.14058B

88.6

73.4

88.6

89.0

88.6

73.9

49.0

811

981

$1.0

$1.8

https://www.llama.com/

Gemini Pro
1.5

871

761

89.0

87.8

82.9

53.5

80.3

94.7

89.6

$1.30

$5.0

GPT-40

87.5

73.8

84.6

86.0

83.9

76.9

47.5

74.0

90.6

2.5%

10.0%

Claude 3.5
Sonnet

88.9

77.8

89.3

93.7

86.8

78.3

65.0

79.3

99.4

92.8

$3.0

$15.0
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Mistral Pixtral Large (124B)

(.

e
\ NTPU

. . % ac
Frontier-class multimodal performance BRI
Model Mathvista MMMU ChartQA DocVQA  VQAv2 Al2D MM
(CoT) (CoT) (CoT) (ANLS) (VQA Match) (BBox) MT-Bench
{_m_\
: Pixtral Large (124B) 69.4 64.0 88.1 93.3 80.9 93.8 7.4 :
I
: Open :
: Weights Llama-3.2 90B (measured) 491 53.7 70.8 85.7 67.0 - 5.5 :
- I
: Llama-3.2 90B (reported) 57.3 60.3 85.8 90.1 80.2 92.3 :
‘ﬁm—l
Gemini-1.5 Pro (measured) 67.8 66.3 83.8 92.3 70.6 94.6 6.8
Gemini-1.5 Pro (reported) 68.1 65.9
GPT-40 (measured) 65.4 68.6 85.2 88.5 76.4 93.2 6.7
Closed
GPT-40 (reported) 63.8 69.1 85.7 92.8
Claude-3.5 Sonnet (measured) 67.1 68.4 89.1 88.6 69.5 76.9 7.3
Claude-3.5 Sonnet (reported) 70.7 70.4 90.8 94,2 95.3
Llama-3.1 505B (reported) 64.5 85.8 92.6 80.2 94.1
Unreleased
Grok-2 (reported) 69.0 66.1 - 93.6
Specific model versions evaluated: Claude-3.5 Sonnet (new) [Oct 24], Gemini-1.5 Pro (002) [Sep 24], GPT-40 (2024-08-06) [Aug 24]
https://mistral.ai/news/pixtral-large/ 55
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Mistral Pixtral 12B

A Performance / MM-MT-Bench

Best performance/cost ratio
6 e - ® Qwen-2-VL 728 1100
Pixtral 12B 1075 1
6.0 b
1050
55 ® a
Qwen-2-VL 7B
Llama-3.2 90B 1025 |
5.0 o
o LLaVA-OneVision 72B 1000
Llama-3.2 11B
4.5
975
@ LLaVA-OneVision 7B
4.0 950 -
® Molmo-D 7B
3.5 ® Molmo 72B 925
20 40 60 80 100 >

Cost / Number of Parameters (B)

(=
\ NTPU
CE T
A Performance / LMSys-Vision ELO
| Best performance/cost ratio o Qwen-2-VL 72B
Pixtral 12B
b
)
Llama-3.2 90B
® Qwen-2-VL 7B
“Llama-3.2 11B
®LLaVvA-1.6 34B
0
LLaVA-OneVision 72B
Phi-3.5-Vision
o
20 40 60 80 100 >

Cost / Number of Parameters (B)
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Large Language Models (LLMs)
Artificial Analysis Quality Index

57
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Large Language Models (LLMs)
Quality vs. Price

Artificial Analysis Quality Index, Price: USD per 1M Tokens

Most attractive quadrant
@ ol-preview B ol-mini @ GPT-40 (Aug '24) BB GPT-40 mini @ GPT-40 (Nov '24) @B Llama 3.1 405B

@ Llama

3.2 99B (Vision) @Llama 3.1 70B @ Llama 3.1 8B B Gemini 1.5 Pro (Sep)

M Gemini 1.5 Flash (Sep) M Claude 3.5 Sonnet (Oct) M Claude 3.5 Haiku B Mistral Large 2 (Nov '24)

@ Jamba

S0
85
80
75
70
65
60
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Artificial Analysis Quality Index

50

45

1.5 Large
) o1-mini /\ Artificial Analysis
Gemini 1.5 Pro|(Sep)
- GPT-40 (Aug '24)
- /,Claude 3.5 Sonnet (Oct) %01 -preview
GPT-4&hini ‘/ﬁlistral Large 2 (Nov '24)
_ _—
@ @ GPT-40 (Nov '24)

< _Llama 3.2 98B (Vision)

N Llama 3.1 405B

Claud®B.5 Haiku
-Llama 3.1 70B \.Jamba 1.5 Large

Gemini 1.5 Flash (Sep)

@)
- \Llama 3.1 8B

I 1 I 1 I I ] I I I I I 1 I I I

$0.00 $2.00 $4.00 $6.00 $8.00 $10.00 $12.00 $14.00 $16.00 $18.00 $20.00 $22.00 $24.00 $26.00 $28.00 $30.00

Price (USD per M Tokens)
https://artificialanalysis.ai/ 58
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Chat
with
Open
Large
Language
Models:
Chatbot
Arena

Large Language Models for Data Science (

4 Expand to see the descriptions of 72 models

llama-3.2-vision-90b-instruct

“reer Tlama 3.2

Large Language Models for Data Science

I

Step 1: Introduction to Large Language Models

Large Language Models (LLMs) are a type of artificial
intelligence (Al) designed to process and understand human
language. They are trained on vast amounts of text data,
enabling them to learn patterns, relationships, and context
within language. LLMs have become increasingly popularin
recent years due to their ability to generate human-like text,

answer questions, and even create content.
Step 2: Applications of Large Language Models in Data Science

LLMs have numerous applications in data science, including:

o Text Analysis: LLMs can be used to analyze large datasets of
text, such as customer reviews or social media posts, to extract
insights and sentiment.

© Natural Language Processing (NLP): LLMs can be used for
NLP tasks like text classification, named entity recognition, and

| PRI RS PR R

~= Ais better < Bis better

& Enter your prompt and press ENTER

https://Imarena.ai/

JRpm
\ NTPU

CE T

National Taipel University

<

claude-3-5-sonnet-20241022 -

“ret claude 3.5 sonnet

Large Language Models for Data Science

-

Let me provide a comprehensive overview of how Large

Language Models (LLMs) can be used in Data Science:

Key Applications of LLMs in Data Science:

1. Data Analysis & Exploration

© Natural language queries to databases

o Data summarization and insights generation

o Exploratory data analysis assistance

© Pattern recognition and trend identification

2. Code Generation & Assistance

o Writing data processing scripts

© Generating SQL queries

© Creating data visualization code

o Debugging and code optimization

3. Data Preprocessing

© Feature engineering suggestions

< Tie < Both are bad

Send
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Perplexity.ai

R perplexity
Large Language Models for Data Science

New Thread ® K
Q Home ‘S Sources
- What Is a Large Language What are Large Language Catch Up On Large ® = X

© Discover Model and What Can.. Models? | NVIDIA Language Models | by.. ’

) Lib © snowflake - 1 & nvidia - 2 @ towardsdatascien.. -+ 3 View 3 more

| ibrary

+a) el = Answer
Large Language Models (LLMs) are advanced Al systems designed to understand human

Sian U g guag VA g
ign o . , . .
gn Up language intricacies and generate intelligent, creative responses to queries '.They are deep

learning algorithms that can recognize, summarize, translate, predict, and generate content
using very large datasets ?.LLMs are trained on enormous data sets typically measured in
petabytes, sourced from books, articles, websites, and other text-based sources . They are
dynamic tools that are continuously updated and refined as new data becomes available .

Try Pro In the field of data science, LLMs can potentially transform how teams source, manage, and

Upgrade to Claude-2 or analyze data '.They are used in numerous data science applications, and their ability to

GPdT'4’Ib°33t COpf'_'lot uses, process and interpret vast amounts of text data has made them an indispensable part of

anda uplioada more Tlies. B . - S .

P -
2 Learn More .
® Ask follow-up.. Copilot
B Download X @ social media posts or customer reviews, to determine whether the overall sentiment is

https://www.perplexity.ai/

(.

e
\ NTPU

CE T

National Taipel University
ii Anonymous < Like
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Generative Al (Gen Al)

Al Generated Content (AIGC)
Image Generation

Instruction 1: Instruction 2:

An astronaut riding a Teddy bears working on
horse in a photorealistic new Al research on the
style. moon in the 1980s.

| |

[ @ 0openAI DALLE2




Generative Al (Gen Al)
Al Generated Content (AIGC)

Unimodal
( Data J
i Pre-train .
\/ \ Once upon a time,
Please write a Prompt . Decode there was a cat
Jessy....
Multimodal
D.escribe this ( Instruction I, [ Data J Result R, ] This is a cat.
v picture. %o I
% i Pre-train -
Draw a picture . . Prompt _ ,[
of a cat. (Unstruction I, } Generative Al Models Ll
|\
Q@&Q 4

write a song ( Instruction I, Result R, ) '|II||'|'

about a cat.
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The history of Generative Al

Unimodal- CV & NLP

in CV, NLP and VL

CV cv
LE BiGAN
VAE RevNet
Flow ENNG NLP
I I
ELMO
NLP NLP I NLP I =
N-Gram LSTM/GRU | Transformer : GPT-2
| | : i |
| | I
ot+o—o0—b—1F00—90 |
2014I 2016 | 2018
I I |
I I |
Show-Tell ) StyleNet CAVP
StackGAN DMGAN
VL VQ-VAE
VL
VL

Multimodal - Vision Language

Cv

StyleGAN
BigBiGAN

Visual BERT
VILBERT
UNITER

VL

CvV
DDPM
ViT
NLP MoCo
GPT-3 NLP
OPT |
BART I Sparrow
I [
I I I
I
I
I
DALL-E
BLIP2
DALL-E 2
VL
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1T

100B

10B

1B

100M

9x

Tx

5x

3x

1x

Generative Al
Foundation Models

t Training Speed (based on V100 16G)

Switch
@)
GPT-3
@)
T5 DALL-E
O Megatron O
O
GPT-2
@)
ROXEﬂ? I5‘BERIT3ART
ERNIE O O CLIP
O O

PaLM

O BLOOM ChatGPT
O O

pp— DALBH?%H
O O

2018

2019 RTX RTX

2020 A100 A100 2021 H100
3090 4090 40G 80G 80G Gen5

>
2022 H100 2023
80G SXM5

64



Categories of Vision Generative Models

Real Data N
Space AN Real
Discriminator
D(x) NEqk
Generator 2| A s
Z > G(2) P X
(1) Generative adversarial networks
Flow Inverse
X > Z —> _ o
f(x) (2

(3) Normalizing flows

o Encoder = Decoder
qq (z|x) pe(x|2)

(2) Variational autoencoders

Forward: q(x;|x;-1)

"
> > > B> > >
Xo X1 © X1 X z
oo ¢ <o & < &
S

Reverse: p(x¢—1|x¢)

(4) Diffusion models
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The General Structure of
Generative Vision Language

-----------------

Encoder-
Decoder

— [ Encoder J—’ :_

> ‘ VL Pre-trained
To-text 3 Encoders

“Generate a [ VL Pre-trained

To-image cartoon cat.” Encoders

Representation

Representation

 —

Representation

—_—

—|

— [ Decoder ] —

Transformer
Decoders

Vision Decoders
(GANS, Diffusions)

J_,

Output

[0\,
$

J — “This 1s a cat.”

P
33
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Philosophy, Ethics, and
Safety of Al

*The Limits of Al
*Can Machines Really Think?
*The Ethics of Al



Philosophy of Al

* Philosophers use the term

*weak Al for the hypothesis that machines
could possibly behave intelligently

*strong Al for the hypothesis that such
machines would count as having actual
minds (as opposed to simulated minds)



4 Approaches of Al

Thinking Humanly

Thinking Rationally

Acting Humanly

Acting Rationally

SSSSSS : Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson
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4 Approaches of Al

3.
2. . .
Thinking Humanly: Thinking Rationally:
.. The “Laws of Thought”
The Cognitive Approach
Modeling Approach
1. 4.
Acting Humanly: Acting Rationally:
The Turing Test The Rational Agent
Approach s Approach

SSSSSS : Stuart Russell and Peter Norvig (2020), Artificia

IIIIIII igence: A Modern Approach, 4th Edition, Pearson
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Al Acting Humanly:

The Turing Test Approach
(Alan Turing, 1950)

* Knowledge Representation
* Automated Reasoning
* Machine Learning (ML)
* Deep Learning (DL)
 Computer Vision (Image, Video)
* Natural Language Processing (NLP)
* Robotics

SSSSSS : Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

72



Can machines think?

* Alan Turing rejected the question “Can machines think?”
and replaced it with a behavioral test.

e Alan Turing anticipated many objections to the possibility
of thinking machines.

* Concentrate on their systems’ performance on practical
tasks

* rather than the ability to imitate humans.

* Consciousness remains a mystery.
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The Ethics of Al

*Given that Al is a powerful technology,
we have a moral obligation to use it well,
to promote the positive aspects and
avoid or mitigate the negative ones.



Principles of Robotics and Al

* Ensure safety

*Ensure fairness

* Respect privacy

* Promote collaboration
*Provide transparency

e Limit harmful uses of Al



Principles of Robotics and Al

 Establish accountability

* Uphold human rights and values

* Reflect diversity/inclusion

* Avoid concentration of power

* Acknowledge legal/policy implications

* Contemplate implications for employment



Safety of Al

* Al is a powerful technology, and as such it poses potential
dangers, through lethal autonomous weapons, security
and privacy breaches, unintended side effects,
unintentional errors, and malighant misuse.

* Those who work with Al technology have an ethical
imperative to responsibly reduce those dangers.
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Robot Ethics
LaWS Of RObOtiCS (Isaac Asimov, 1942, 1950)

1. A robot may not injure a human being or, through
inaction, allow a human being to come to harm.

2. A robot must obey orders given to it by human beings,
except where such orders would conflict with the First
Law.

3. A robot must protect its own existence as long as such
protection does not conflict with the First or Second
Law.
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Fair, trustworthy, and
transparent of Al

* Al systems must be able to demonstrate they are fair,
trustworthy, and transparent.

* There are multiple aspects of fairness, and it is impossible to
maximize all of them at once.

* So a first step is to decide what counts as fair.
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Explainable Al (XAl)

* When an Al system turns you down for a loan, you
deserve an explanation.

*In Europe, the GDPR enforces this for you.

* An Al system that can explain itself is called
explainable Al (XAl).
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Explainable Al (XAl)

* A good explanation properties of XAl
* it should be understandable and convincing to the user
* it should accurately reflect the reasoning of the system
* it should be complete

* it should be specific in that different users with different
conditions or different outcomes should get different
explanations
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Automation
 Automation is already changing the way
people work.

* As a society, we will have to deal with these
changes.



The Future of Al



The Future of Al

* Al Components

* Al Architectures



Al Components

* Sensors and actuators

* Representing the state of the world
* Selecting actions

* Deciding what we want

* Learning

* Resources
 Shared data

 Shared model
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Learning

* Deep learning

* Data science

* Big data

* Transfer learning

* Apprenticeship learning

* Differentiable programming
* Weakly supervised learning
* Predictive learning
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Al Architectures

* Which of the agent architectures
should an agent use?

* All of them!
* Real-time Al
* Anytime algorithm
* Decision-theoretic metareasoning
* Reflective architecture
* Agent = Architecture + Program
* Bounded optimality
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Real-time Al

* As Al systems move into
more complex domains,
all problems will become real-time,
because the agent will
never have long enough
to solve the decision problem exactly.
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General Al

* Narrow tasks Al
* DARPA Grand Challenge for autonomous cars
* ImageNet object recognition competition
* For each separate task, we build a separate Al system

* A separate machine learning model trained from
scratch with data collected specifically for this task.

* Human-level Al (HLAI)
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Al Engineering

 Powerful tools and frameworks

* TensorFlow, Keras, PyTorch, CAFFE,
Scikit-Learn and SCIPY.

* Promising approaches
* GANs
* Deep reinforcement learning

* Train properly in a new domain
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Generative Al: Proprietary & Confidential

* Valuable data needs to be private.
* Need to maintain confidentiality with private data.

* Need to consider industry-specific data norms.
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Challenges of Generative Al

* IP ownership

* Does the model have the right to reproduce and extrapolate from
this data

* IP attribution
e Can the output of the model be attributed to the proper sources
* Important for many businesses
* Harmful application
* Is the output of the model used to manipulate or mislead
* Harmful outputs
* Is the output of the model offensive
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Training Generative Al Efficiently at Scale

* NVIDIA NeMo enables efficient training of large language
models at scale.

* Full-stack optimization from networking to compute to
frameworks and libraries.

* Extraordinary throughput and flexibility.

* NVIDIA invests heavily in the most important frameworks:
JAX, PyTorch, TensorFlow and more.
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The Future of Al

* Al has made great progress in its short history.

*\We can see only a short distance ahead,
but we can see that much remains to be done.

(Alan Turing, 1950)
[Computing Machinery and Intelligence]



The Future of Al

* Past: Build each new system from scratch

* Future: Start with a single huge system

* For each new task, extract from it the parts that are relevant to the
task.

* Transformer language models
(e.g., BERT, GPT-2, GPT-3, ChatGPT) with billions of parameters

* An “outrageously large” ensemble neural network architecture that
scales up to 175 billion parameters in one experiment.

» GPT-3 (175B), BLOOM (176B), PaLM (540B)
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Al for

Social Good
(Al4SG)



Sustainable Development Goals (SDGs)

NO ZERO GOOD HEALTH QUALITY GENDER CLEAN WATER
POVERTY HUNGER AND WELL-BEING EDUCATION EQUALITY AND SANITATION

Tdil &

DECENT WORK AND INDUSTRY, INNOVATION 1 REDUCED 1 SUSTAINABLE CITIES 12 RESPONSIBLE
ECONOMIC GROWTH AND INFRASTRUCTURE INEQUALITIES AND COMMUNITIES CONSUMPTION

AND PRODUCTION
/s/i - E

1 CLIMATE 1 LIFE 15 LIFE 1 6 PEACE, JUSTICE 1 PARTNERSHIPS
ACTION BELOW WATER ON LAND AND STRONG FOR THE GOALS

INSTITUTIONS

vz SUSTABLE
@ @ DE\{‘I‘E'IJZOPMENT
Gi:ALS

“an”

Source: https://sdgs.un.org/goals


https://sdgs.un.org/goals

Sustainable Development Goals (SDGs) and 5P

Partnership
Peace
Prosperity
People

Planet

Source: Folke, Carl, Reinette Biggs, Albert V. Norstrom, Belinda Reyers, and Johan Rockstrom. "Social-ecological resilience and biosphere-based sustainability science.”Ecology and Society 21, no. 3 (2016).
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ESG to 17 SDGs
ENVIRONMENT SOCIAL GOVERNANCE

CLEAN WATER NO GOOD HEALTH GENDER DECENT WORK AND
AND SANITATION POVERTY AND WELL-BEING EQUALITY ECONOMIC GROWTH

e o

1 CLIMATE QUALITY GENDER CLEAN WATER 1 CLIMATE
ACTION EDUCATION EQUALITY AND SANITATION

& &

ACTION

14 LIFE DECENT WORK AND 10 REDUCED 16 PEACE, JUSTICE 17 PARTNERSHIPS
BELOW WATER ECONOMIC GROWTH INEQUALITIES AND STRONG FOR THE GOALS
o INSTITUTIONS

\
Ve
-

4€.> 1_

1 PEACE, JUSTICE
AND STRONG
INSTITUTIONS

Source: Henrik Skaug Szetra (2021) "A Framework for Evaluating and Disclosing the ESG Related Impacts of Al with the SDGs." Sustainability 13, no. 15 (2021): 8503. 100



ESG to 17 SDGs

B Environment ™ Social ™ Governance

1: End Poverty

2: Zero Hunger

3: Good Health and Well-Being

4: Quality Education

5: Gender Equality

6: Clean Water and Sanitation

7: Affordable and Clean Energy

8: Decent Work and Economic Growth

9: Industry, Innovation, and Infrastructure
10: Reduced Inequalities

11: Sustainable Cities and Communities
12: Responsible Consumption and Production
13: Climate Action

14: Life Below Water

15: Life on Land

16: Peace, Justice, and Strong Institutions
17: Partnerships for the Goals

Source: https://sustainometric.com/esg-to-sdgs-connected-paths-to-a-sustainable-future/ 101
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Al for Social Good (Al4SG)
Al for Sustainable Development
Al4SG 10 Guidelines
* Al Technology (G1, G2, G3)
* Applications (G4, G5, G6, G7, G8)
* Data Handling (G9, G10)



Al4SG 10 Guidelines
Al Technology (G1, G2, G3)

* G1: Expectations of what is possible with Al need to be well-
grounded.

* G2: There is value in simple solutions.

* G3: Applications of Al need to be inclusive and accessible, and
reviewed at every stage for ethics and human rights
compliance.
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Al4SG 10 Guidelines
Applications (G4, G5, G6, G7, G8)

* G4: Goals and use cases should be clear and well-defined.

* G5: Deep, long-term partnerships are required to solve large
problems successfully.

* G6: Planning needs to align incentives, and factor in the limitations
of both communities.

* G7: Establishing and maintaining trust is key to overcoming
organisational barriers.

* G8: Options for reducing the development cost of Al solutions
should be explored.
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Al4SG 10 Guidelines
Data Handling (G9, G10)

* G9: Improving data readiness is key.

* G10: Data must be processed securely, with utmost respect for
human rights and privacy.
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Al for Social Good (Al4SG)
Domains and Technlques

Cognitive modeling- 0 0 0 0 0 0 0 1
Constraint satisfaction and optimization 2 5 31 48 20 26 9 59 173
Cognitive systems- 1 2 2 7 2 3 1 5 20 150
Computer vision 3 8 12 20 6 12 7 19 79
Game playing and interactive entertainment- 0 1 0 1 0 0 0 0 2
Game theory and economic paradigms- 3 5 30 6 11 31 1 16 78 120
Human-AI collaboration- 1 8 11 23 9 6 6 17 69
% Human computation and crowd sourcing- 1 5 6 20 45 12 11 15 98
E Heuristic search and optimization 1 3 11 14 8 8 6 26 69 20
5 Knowledge representation and reasoning. 0 0 0 5 3 2 0 1 11
Multiagent systems- 2 7 47 19 16 22 8 31 122
Machine learning- 12 = 27 [NOS - 53 65" 36 BB 160 ot
Natural language processing 4 12 6 18 10 10 5 3 58
Planning, routing, and scheduling- 9 1 48 43 14 28 31 84 210
Robotics- 3 12 10 4 5 4 10 47 -
Reasoning under uncertainty 4 3 30 23 8 6 6 13 78
Total 40 78 225 344 155 177 90 253 1176
& 0 SO GO R P ’
A o T Y % e & o
R ¥ ov° o o DA (V”“Q w“g?
o o0 & *
%&oo oo@\&o O o
Go‘“‘oa S
Domain
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NLP for Social Good (NLP4SG)

Titl
= ACL Anthology Paper Absltcht

Is it closely related to Social Good?
' Subtask 1: Binary Classification |

\/
Which SDG goal(s)? Yes What technology?

' Subtask 2: Multi-Label Classification | 'Subtask 3: Salient IE |
_/
f What task? \

[Goal 1. Poverty] 6 Infection Detection [ LLMs ] [ RNNs]
|Goal 2. Hunger || =~ | — "™ |GNNs | [CNNs |

Q Goal 3. Health O Boltzmann
[ Essay Scoring ] Machines

\_ ) \_ 5

[ Job Matching ]
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NLP for Social Good (NLP4SG)

Good Health and Well-Being

Quality Education P
Gender Equality

Clean Water and Sanitation .~~~ =~ .

Affordable and Clean Energy

Decent Work and Economiﬁsfrowth . \’».;‘

v — ol
Industry, Innovation and Infrastrucure

Reduced Inequalities

Sustainable Cities and Communities
Responsible Consumption and Production

Life on Land
Peace, Justice and Strong Institutions

Partnership for the Goals

Visualization

=
=)
- i

classification

coreference resolution
covid 19

event extraction

fact checking

fake news detection

hate speech

hope speech detection
inference
information retrieval

machine translation

named entity recognition

natural language generation
nlp applications

parsing

part of speech

question answering

relation extraction

rumor detection

sentiment analysis

stance detection
text summarization
toxic spans detection

annotati... i
attention

automatic speech recognition - models

bert

classifiers
conditional random field

convolutional neural network

deep neural network
domain adaption
ensemble methods

fact checking models
hybrid approach
language models
language technology
Istm

machine learning methods
ner models

nlp models

part of speech models
recurrent neural networks
roberta

topic models

transfer learning

transformers
word embeddings

Other methods
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Papers with Code

State-of-the-Art (SOTA)

Computer Vision

SEUET . BOED~
20aTe e

2 . - _:" -
B ;,ﬂ Semantic SN Image

Segmentation k,—_.aé:;&;"aa Classification

I~ 185 benchmarks I~ 390 benchmarks

3397 papers with code 2778 papers with code

» See all 1415 tasks

Natural Language Processing

Language

e Question
« . Modelling

Answering

I~ 458 benchmarks I~* 181 benchmarks

2248 papers with code 1818 papers with code

» See all 664 tasks

: ¥ Object
[ s r\@ Detection

I~ 269 benchmarks

2559 papers with code

Machine
Translation

I~ 78 benchmarks

1721 papers with code

Contrastive
Learning

|~ 2 benchmarks

1119 papers with code

Sentiment
Analysis

|~* 87 benchmarks

1040 papers with code

https://paperswithcode.com/sota

=
ggg Image
Generation

I~ 208 benchmarks

1097 papers with code

Text
Generation

l~* 242 benchmarks

931 papers with code
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Summary

* Generative Al
* Philosophy, Ethics, and Safety of Al
* The Limits of Al
* Can Machines Really Think?
* The Ethics of Al
* The Future of Al
* Al Components
* Al Architectures
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