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Course Objectives =k

1. Understand the fundamental concepts
and research issues of
Artificial Intelligence.

2. Equip with Hands-on practices of
Artificial Intelligence.

3. Conduct information systems research in
the context of Artificial Intelligence.
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Course Outline \
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* This course introduces the fundamental concepts,
research issues, and hands-on practices of Artificial Intelligence.

* Topics include

1.

W N

® N oW

O.

Introduction to Artificial Intelligence
Artificial Intelligence and Intelligent Agents
Problem Solving

Knowledge, Reasoning and Knowledge Representation, Uncertain
Knowledge and Reasoning

Supervised Learning
The Theory of Learning and Ensemble Learning
Deep Learning, Reinforcement Learning

Natural Language Processing, Deep Learning for Natural Language
Processing

Robotics

10. Philosophy and Ethics of Al and the Future of Al
11. Case Study on Al. :
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(Core Competence)

¢ A MR K A BB 80 %
. WBATH LIRS 10%
C HX BB RS 10%



(
BRoAExiFH L’

(Four Fundamental Qualities)
v?jméi (Professionalism)

5. B2 v B B8 AR i (Creative thinking and Problem-solving) 30 %
— é%/a\é}ﬁ?{é_‘(Comprehensive Integration) 30 %
AN (Interpersonal Relationship)
— #38 # 38 (Communication and Coordination) 10 %
— B A 4F (Teamwork) 10 %
f&3E (Ethics)
— %1% iE & (Honesty and Integrity) 5 %
— B & g 4 (Self-Esteem and Self-reflection) 5 %
X#3 (International Vision)
— % LR (Caring for Diversity) 5 %

%3 524, (Interdisciplinary Vision) 5 %
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(College Learning Goals)

* Ethics/Corporate Social Responsibility
* Global Knowledge/Awareness

* Communication

* Analytical and Critical Thinking
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* Information Technologies and System
Development Capabilities

* Internet Marketing Management
Capabilities

* Research capabilities

12



#4#2 A4 (Syllabus) G

BT e X B
B R (Week) B 2j (Date) ™M % (Subject/Topics)
1 2021/02/24 AT % Sk
(Introduction to Artificial Intelligence)
2 2021/03/03 AT Efody K32 A
(Artificial Intelligence and Intelligent Agents)

3 2021/03/10 FiRE A%+~
(Problem Solving)

4 2021/03/17 o332 fo ko3l & 32

(Knowledge, Reasoning and Knowledge Representation)

5 2021/03/24 R #E E boikFo I8
(Uncertain Knowledge and Reasoning)

6 2021/03/31 AT EE 3 |
(Case Study on Artificial Intelligence )
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F 2 A& (Syllabus) G

B 3 T 3r X BB
Wk (Week) B #j (Date) M % (Subject/Topics)
7 2021/04/07 7# 15— X (Day off)
8 2021/04/14 #BFEAEEKEE
(Machine Learning and Supervised Learning)

O 2021/04/21 #p sk

(Midterm Project Report)
10 2021/04/28 22 B 3B H5¥L43 52 Y

(The Theory of Learning and Ensemble Learning)
11 2021/05/05 F &2 H

(Deep Learning)

12 2021/05/12 AT % EB 5L I
(Case Study on Artificial Intelligence II)
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#4#2 A4 (Syllabus) G

& (Week) B #j (Date) P % (Subject/Topics)
13 2021/05/19 %It
(Reinforcement Learning)

14 2021/05/26 REZH B R3E3F kiF
(Deep Learning for Natural Language Processing)

15 2021/06/02 # % A$%ii
(Robotics)
16 2021/06/09 AT %y ZE Lo/ » AT E 8 REK
(Philosophy and Ethics of Al, The Future of Al)
17 2021/06/16 B KRR % |
(Final Project Report I)

18 2021/06/23 #g R3K%E |
(Final Project Report Il)
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(Teaching methods and activities)

e 3£ 3% (Lecture)
» =34 (Discussion)

e 28 (Practicum)

16



(Evaluation Methods)

e 1B A#R % (Individual Presentation) 60 %
o & %83k % (Group Presentation) 10 %

o 1B & /»#7 3Rk % (Case Report) 10 %

o 2 2 g1 (Class Participation) 10 %

o /% (Assignment) 10 %
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(Required Texts)

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

18
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* Aurélien Géron (2019),
Hands-On Machine Learning with Scikit-Learn, Keras,
and TensorFlow: Concepts, Tools, and Techniques to
Build Intelligent Systems,
2nd Edition, O’Reilly Media.

19



Stuart Russell and Peter Norvig (2020),

Artificial Intelligence: A Modern Approach,

4th Edition, Pearson

russell SAtificial 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/Atrtificial-Intelligence-A-Modern-Approach/dp/0134610997/
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https://www.amazon.com/Artificial-Intelligence-A-Modern-Approach/dp/0134610997/

Aurélien Géron (2019),
Hands-On Machine Learning with Scikit-Learn, Keras, and TensorFlow:
Concepts, Tools, and Techniques to Build Intelligent Systems, 2nd Edition
O’Reilly Media, 2019

%

v,

OREILLY’ 58,

o
Hands-on "
Machine Learning
with Scikit-Learn,
Keras & TensorFlow

Concepts, Tools, and Techniques
to Build Intelligent Systems

Aurélien Géron

https://github.com/ageron/handson-mi2

https://www.amazon.com/Hands-Machine-Learning-Scikit-Learn-TensorFlow/dp/1492032646/
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https://www.amazon.com/Hands-Machine-Learning-Scikit-Learn-TensorFlow/dp/1492032646/
https://github.com/ageron/handson-ml2

Hands-On Machine Learning with
Scikit-Learn, Keras, and TensorFlow

Notebooks

1.The Machine Learning landscape
2.End-to-end Machine Learning project
3.Classification

4. Training Models

5.Support Vector Machines

6.Decision Trees

7.Ensemble Learning and Random Forests
8.Dimensionality Reduction
9.Unsupervised Learning Techniques
10.Artificial Neural Nets with Keras
11.Training Deep Neural Networks
12.Custom Models and Training with TensorFlow
13.Loading and Preprocessing Data

Learning with
Scikit-Learn, Keras

Aurélien Géron

14.Deep Computer Vision Using Convolutional Neural Networks

15.Processing Sequences Using RNNs and CNNs

16.Natural Language Processing with RNNs and Attention

17.Representation Learning Using Autoencoders
18.Reinforcement Learning

19.Training and Deploying TensorFlow Models at Scale

https://qithub.com/ageron/handson-mi2



https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/01_the_machine_learning_landscape.ipynb
https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/02_end_to_end_machine_learning_project.ipynb
https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/03_classification.ipynb
https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/04_training_linear_models.ipynb
https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/05_support_vector_machines.ipynb
https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/06_decision_trees.ipynb
https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/07_ensemble_learning_and_random_forests.ipynb
https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/08_dimensionality_reduction.ipynb
https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/09_unsupervised_learning.ipynb
https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/10_neural_nets_with_keras.ipynb
https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/11_training_deep_neural_networks.ipynb
https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/12_custom_models_and_training_with_tensorflow.ipynb
https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/13_loading_and_preprocessing_data.ipynb
https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/14_deep_computer_vision_with_cnns.ipynb
https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/15_processing_sequences_using_rnns_and_cnns.ipynb
https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/16_nlp_with_rnns_and_attention.ipynb
https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/17_autoencoders.ipynb
https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/18_reinforcement_learning.ipynb
https://nbviewer.jupyter.org/github/ageron/handson-ml2/blob/master/19_training_and_deploying_at_scale.ipynb
https://github.com/ageron/handson-ml2

Al, Big Data, Cloud Computing
Evolution of Decision Support,

Business Intelligence, and Analytics
Al

Al Cloud Computing Big Data
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Artificial Intelligence (A.l.) Timeline

A.. TIMELINE & -
m ‘:\ ‘A’-,'

1950 1955 1961 1964 1966 A.l. 1997 1998

Computer scientist Term ‘artificial First industrial robot, Pioneering chatbot The "first electronic WI NTER Deep Blue, a chess- Cynthia Breazeal at MIT
Alan Turing proposes a intelligence’ is coined Unimate, goes to work  developed by Joseph person’ from Stanford, Many false starts and playing computer from  introduces KISmet, an
test for machine by computer scientist,  at GM replacing Weizenbaum at MIT Shakey is a general- dead-ends leave Al out |BM defeats world chess emotionally intelligent
intelligence. If a John McCarthy to humans on the holds conversations purpose mobile robot ;1o o1q champion Garry robot insofar as it
machine can trick describe “the science assembly line with humans that reasons about Kasparov detects and responds
humans into thinking it  and engineering of its own actions to people’s feelings

is human, then it has making intelligent

intelligence machines”

<0+ AlphaGo

1999 2002 2011 2011 2014 2014 2016 2017

Sony launches first First mass produced Apple integrates Siri, IBM’s question Eugene Goostman, a Amazon launches Alexa, Microsoft's chatbotTay = Google’s A.l. AlphaGo
consumer robot pet dog autonomous robotic an intelligent virtual answering computer chatbot passes the an intelligent virtual goes rogue on social beats world champion
AIBO (Al robot) with vacuum cleaner from assistant with a voice Watson wins first place  Turing Test with a third  assistant with a voice media making Ke Jie in the complex
skills and personality iRobot learns to navigate interface, into the on popular $1M prize of judges believing interface that completes inflammatory and board game of Go,
that develop overtime  and clean homes iPhone 4S television quiz show Eugene is human shopping tasks offensive racist notable for its vast
Jeopardy comments number (2179) of

possible positions




The Rise of Al

Al is born Focus on specific intelligence Focus on specific problems

* The Turing Test * Expert systems & knowledge Machine learning

 Information theory-digital signals e Optical character recognition Big data: large databases
¢ Symbolic reasoning * Speech recognition Fast processors to crunch data
High-speed networks and connectivity

L]
» Dartmouth College conference * Neural networks conceptualized Deep learning: pattern analysis & classification e
L]
L]

Dartmouth conference Edward Feigenbaum
led by John McCarthy develops the first :
L. coms the tern: ~ Expert System, IBM's Watson Q&A machine wins Jeopardy! ® 2016
artificial intelligence giving rebirth to Al Apple integrates Siri, a personal voice ° AlphaGo
1956 . 1975 - 1982 . assistant into the iPhone defeats Lee Sedol
2011 ¢ 2014
YouTube recognizes
2000 cats from videos
S I i I I I I I I N
1950 1960 1970 1980 1990 2010 2020
(
° :
1964 i 1997
Eliza, the first chatbot ~ § i IBM's Deep Blue defeats .
is developed by Joseph i i Garry Kasparoy, the world's
Weizenbaum at MIT ¢ ¢ reigning chess champion

Limited computer processing power ¢ Real-world problems are complicated
Limited database storage capacity e © Facial recognition, translation » Disappointing results: failure to achieve scale
Limited network ability © Combinatorial explosion ¢ Collapse of dedicated hardware vendors

Al Winter | Al Winter Il

25



Artificial Intelligence in Medicine

1950
Alan Turing develops
the “Turing Test”

First Al Winter 2015

Mid 1970's-1980 Pharmabot was
Second Al Winter buik
Late 1980's-Early 1990's
1956 1971 2014
John McCarthy coins Research Resource on Computers 1975 Amazon’s virtual 2017
the term “Al" in Biomedicine was founded: Saul The first NIH-sponsored assistant, Alexa is Arterys: FirstFDA
Amarel at Rutgers University AIM Workshop Held released approved cloud-
based DL application
in healthcare
1964 1980 2010
First chatbot: Eliza Development of CAD applied to
EMYCIN: expert rule- endoscopy
Based system

2000

Deep learning

1952 1966
Machine learning Shakey, “first

electronic person”
1976 2017
CASNET was demomstrated at 2007 Chatbot Mandy:
the Academy of IBM began automated
1961 Ophthalmology meeting deelopment of patient intake
Unimate, the first DeepQA technology
industrialrobot, joins Watson
the assembly line at GM 1973 1356 i ( )
SUMEX-AIM was Release of Dxplain: a 2018-2020
created decision support Al trials in
system 2011 Gastroenterology
Apple’s virtual assistant,
1972 Siri, is integrated into
MYCIN was iPhones
developed

Source: Vivek Kaul, Sarah Enslin, and Seth A. Gross (2020), "The history of artificial intelligence in medicine." Gastrointestinal endoscopy.. 26






Definition
of
Artificial Intelligence
(A.l.)



Artificial Intelligence

“ .. the science and

engineering
of
making

intelligent machines”
(John McCarthy, 1955)



Artificial Intelligence

“... technology that
thinks and acts
like humans”



Artificial Intelligence

“... intelligence
exhibited by machines
or software”



4 Approaches of Al

Thinking Humanly

Thinking Rationally

Acting Humanly

Acting Rationally

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

32



4 Approaches of Al

2 hinki . ionall
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 (1950) ApprOaCh

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

33



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

Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson
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N O O B W N

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

35



Artificial Intelligence:
Intelligent Agents

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

36



Artificial Intelligence:

2. Problem Solving

* Solving Problems by Searching
* Search in Complex Environments
* Adversarial Search and Games
* Constraint Satisfaction Problems

37



Artificial Intelligence:
3. Knowledge and Reasoning

Logical Agents

First-Order Logic

Inference in First-Order Logic
Knowledge Representation
Automated Planning

38



4. Uncertain Knowledge and Reasoning

Artificial Intelligence:

Quantifying Uncertainty

Proba
Proba
Proba

o]
o]

o]

Istic Reasoning
Istic Reasoning over Time

Istic Programming

Making Simple Decisions

Making Complex Decisions

Multiagent Decision Making

39



Artificial Intelligence:

5. Machine Learning

Learning from Examples
Learning Probabilistic Models
Deep Learning
Reinforcement Learning

40



Artificial Intelligence:
6. Communicating, Perceiving, and Acting

* Natural Language Processing

* Deep Learning for Natural Language
Processing

* Computer Vision
* Robotics

41



Artificial Intelligence:

Philosophy and Ethics of Al
The Future of Al

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



Artificial Intelligence
Machine Learning & Deep Learning

ARTIFICIAL
INTELLIGENCE

MACHINE
LEARNING

DEEP

1950’s 1960’s 1970’s 1980’s 1990’s 2000’s 2010’s

Since an early flush of optimism in the 1950s, smaller subsets of artificial intelligence - first machine learning, then
deep learning, a subset of machine learning - have created ever larger disruptions.

Source: https://blogs.nvidia.com/blog/2016/07/29/whats-difference-artificial-intelligence-machine-learning-deep-learning-ai/



Al, ML, DL

4 Artificial Intelligence (Al) )
4 Machine Learning (ML) A
Supervised Unsupervised
Learning Learning
Deep Learning (DL)
RNN LSTM GRU
. GAN )

Semi-supervised l Reinforcement

L Learning Learning )




3 Machine Learning Algorithms

TEMPORAL

DIFFERENCE

RENFORCEMENT LEARNING

Q-LEARNING

K-MEANS

DEEP BELIEF
NETWORKS

CLUSTERING

UNSUPERVISED
LEARNING

PRINCIPAL
COMPONENT
ANALYSIS DIMENSIONALITY

REDUCTION

LINEAR
DISCRIMINANT

ANALYSIS
GENERALIZED

DISCRIMINANT
ANALYSIS

LEARNING

CONVOLUTIONAL
NEURAL NETWORK

REGRESSION

SUPERVISED
LEARNING

RANDOM
FOREST

LINEAR
REGRESSION

CLASSIFICATION NAIVE BAYES

CONDITIONAL
DECISION TREE

K-NEAREST NEIGHBORS

RECURSIVE NEURAL
NETWORK

MACHINE LEARNING
+
DEEP LEARNING

- 1®
2 B

SOCIAL
MEDIA WEB LOGS  SALES

ISCOVERY

45



Machine Learning (ML)

Meaningful
Compression

Structure Image

. o Customer Retention
Discovery Classification

Big data Dimensionality Feature Idenity Fraud

isualistai : Classification Diagnostics
Visualistaion Reduction Elicitation Detection g

Advertising Popularity
Prediction

Learning Learning Weather

Forecasting
]
M ac h I n e Population

Growth
Prediction

Recommender Unsupervised Supervised

Systems

Clustering Regression
Targetted

Marketing

Market
Forecasting

Customer

Segmentation L e a r n i n g

Estimating
life expectancy

Real-time decisions Game Al

Reinforcement
Learning

HEZRE e Skill Acquisition

Learning Tasks

46



Machine Learning (ML) / Deep Learning (DL)

-

Machine
Learning
(ML)

o

Supervised
Learning

1

Unsupervised
Learning

|

1

Reinforcement
Learning

|

Decision Tree
] Classifiers ]

Linear
~ Classifiers

Rule-based
] Classifiers J

i Probabilistic 1

~ Classifiers

47



Computer Vision: Image Classification,
Object Detection,
Object Instance Segmentation

Classification Classification Object Instance
+ Localization Detection Segmentation

CAT, DOG, DUCK CAT, DOG, DUCK

. N ¥
Y A

Single Objects Multiple Objects

48



Computer Vision: Object Detection

person, sheep, dog

\

3?

(a) Object Classification N (b) Generic Object Detection

(Bounding Box)

sheep® sheep sheep® sheep sheep sheep® sheep sheep ' sheep B sheepl)
.

) § B &y 4

" r'

(€) Semantic Segmentation (d) Object Instance Segmetation

Source: Li Liu, Wanli Ouyang, Xiaogang Wang, Paul Fieguth, Jie Chen, Xinwang Liu, and Matti Pietikainen. "Deep learning for generic
object detection: A survey." International journal of computer vision 128, no. 2 (2020): 261-318.




YOLOvA:

Optimal Speed and Accuracy of Object Detection

AP
&

36 | —m—EfficientDet [77]
34 | —®—ATSS [94]

32

30

MS COCO Object Detection

EfficientDet (D0~D4) real-time

YOLOvV4 (ours)

ASFF*

~9—YOLOV4 (ours)
—8—YOLOV3 [63]

YOLOv3
—&— ASFF* [48]
~&—CenterMask* [40]
10 30 50 70 90 110 130
FPS (V100)

Source: Alexey Bochkovskiy, Chien-Yao Wang, and Hong-Yuan Mark Liao. "YOLOv4: Optimal Speed and Accuracy of Object Detection."

arXiv preprint arXiv:2004.10934 (2020).
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Text Analytics and Text Mining

.® s’ " . ..
TEXT ANALYTICS
$“ .0.
* L 2
’? ________________ .0
.* | Document Matching | Web Content Mining \, ‘e
‘ ——=—=—=—z— " sl

/ . .
| Link Analysis /I Informatio

B T .
;T T T~ ~~ 7 “Retrieval o - - =
Search Engines \
————— )

*
. of
¢ *
*
“
0. “
e .
.. .
... “‘
" «*
.. “
e, .
e - uuw®

Source: Ramesh Sharda, Dursun Delen, and Efraim Turban (2017), Business Intelligence, Analytics, and Data Science: A Managerial Perspective, 4th Edition, Pearson
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Can a robot pass a university entrance exam?
Noriko Arai at TED2017

|deas worth spreading DISCOVER

11:25 )

https://www.ted.com/talks/noriko arai can a robot pass a university entrance exam
https://www.youtube.com/watch?v=XQZjkPyJ8KU

ATT
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https://www.ted.com/talks/noriko_arai_can_a_robot_pass_a_university_entrance_exam
https://www.youtube.com/watch?v=XQZjkPyJ8KU

&

Python in Google Colab (Python101)

https://colab.research.google.com/drive/1FEG6DnGvwfUbeod4zJ1zTuniMqf2RkCrT

o python101.ipynb - Colaborator X +

c

& https://colab.research.google.com/drive/IFEG6DnGvwfUbeo4zJ1zTunjMgf2RkCrT?authuser=2#scrollTo=wsh36fLxDKC3 pA¢ &)

& python101.ipynb ¢

File Edit View Insert Runtime Tools Help

£ CODE

[

Bl COMMENT 2% SHARE o

TEXT 4 CELL ¥ CELL +/ CONNECTED ~ /‘ EDITING A

# Future Value H
pv = 100

0.1

7

r
n
fv = pv * ((1 + (r)) ** n)
print(round(fv, 2))

.87

[11]

[

[12]

[13]

[

194.

AU WN =

194.

AN WN -

amount = 100
interest = 10 #10% = 0.01 * 10
years = 7

future_value = amount * ((1 + (0.0l * interest)) ** years)
print(round(future_value, 2))

87

# Python Function def
def getfv(pv, r, n):
fv = pv * ((1 + (r)) ** n)
return fv
fv = getfv(100, 0.1, 7).
print(round(fv, 2))

87

# Python if else

score = 80

if score >=60 :
print("Pass")

else:
print("Fail").

Pass
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* This course introduces the fundamental concepts,
research issues, and hands-on practices of Artificial Intelligence.

* Topics include

1.
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Introduction to Artificial Intelligence
Artificial Intelligence and Intelligent Agents
Problem Solving

Knowledge, Reasoning and Knowledge Representation, Uncertain
Knowledge and Reasoning

Supervised Learning
The Theory of Learning and Ensemble Learning
Deep Learning, Reinforcement Learning

Natural Language Processing, Deep Learning for Natural Language
Processing

Robotics

10. Philosophy and Ethics of Al and the Future of Al
11. Case Study on Al. -
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