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* Welcome!
* Instructor: Prof. Chuin-Shan David Chen (FR1&12)
* What will we do for this course? (see syllabus).
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Course FaceBook



Fun time: who is not your TA?
4

https://www.sli.do/
#0/3374

This is a task that computer will do better than us.

C-S David Chen, Department of Civil Engineering, National Taiwan University



In this introduction ...

V1. Why Engineering? Why Artificial Intelligence (Al)?
Why Al + Engineering?
V2. Machine Learning and Supervised Learning

~ 3. /Deep Learning and Computer Vision
4./ In addition to this course ...

* Supeyvised /ewm/ﬁ/gj)
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1. Why Engineering? Why Al? Why Al + Engineering?

C-S David Chen, Department of Civil Engineering, National Taiwan University



Fun time: let's put 10 seconds on the clock and
name the appliance in your home that would be
the hardest to live without.

E— - ?

https://www.sli.do/

Refrigerator! #073374

C-S David Chen, Department of Civil Engineering, National Taiwan University



A Century of Innovation: Twenty

"Engineering Achievements That ) A-CENTURY QF

Transform Our L|ve_f1901 2000) INNQVATION

P RV sy |
C E I ECt rlfl Cat @ % @ I nte n et Tw'enty ETngnr;t;zlrw::‘lgdAf:;e:ezns That

* Automobile
* Airplane * Imaging
* Water Supply and Distribution * Household Appliances
e Electronics e Health Technologies
* Radio and Television * Petroleum and
e Agricultural Mechanization Petrochemical
() Computers Technologies
* Telephony e Lasers and Fiber Optics
(® Air Conditioning & Refrigeration ¢ Nuclear Technologies
* Highways e High-Performance
* Spacecraft Materials

George Constable, et al. 2003. A Century of Innovation: Twenty Engineering Achievements that Transformed
our Lives. Washington, DC: Joseph Henry Press. https://doi.org/10.17226/10726.



Topping the list is electrification.
More than half of the “Top 20”
would not have been possible

without it. Abundant and available
A CENTU RY OF electric power helped spur
I N N Q\VATI 0 N America’s economic development
and distributed benefits widely,
& - bR :"_" l/ ]‘ from cities to farms. This
MY E‘: achievement clearly shines as an

example of how engineering has
changed the world.

Twenty Engmeermg Achlevem s That
Transformed Our Live

foreword by
NEIL ARMSTRONG

Afterword by

ARTHUR C. CLARKE

George Constable, et al. 2003. A Century of Innovation: Twenty Engineering Achievements that Transformed
our Lives. Washington, DC: Joseph Henry Press. https://doi.org/10.17226/10726.



“Just as electricity transformed
almost everything 100 years ago,
today | actually have a hard time
thinking of an industry that | don't
twink@r\/ill transform in the next

several years.”

— Andrew Ng



Artificial Intelligence
Machine Learning & Deep Learning

ARTIFICIAL
INTELLIGENCE

Early artificial intelligence
:;—i"'sfl'fré»15:»‘:['<Efli'li:1l,z mel 1:“ et M AC H I N E
LEARNING

DEEP

| | | | | |
@ 1960’ 1970’ @ 1990°'s 2000’ @

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/




What Machine Learning Can Do
A simple way to think about supervised learning. A > ///// — 5

e=f)
INPU@ RESPONS APPLICATION

Picture Are there human faces? (O or 1)  Photo tagging
@an applicatioD CWﬂFthey repay the loan? (0 o@ Loan approvals
Ad plus user information Will user click on ad? (0 or 1) Targeted online ads
Audio clip Transcript of audio clip Speech recognition
English sentence French sentence Language translation
Sensors from hard disk, plane engine, etc. Is it about to fail? Preventive maintenance
@rcamera and otherse% @;sition of other cars Se\lf-,driving cars

* Beingableto mput A and output B has transformed many industries.
 These A—>B systems s have been improving rapidly, and the best ones today
are built with a technology called deep neural networks. DNN

* Many impacts from A—>B centers on fast and accurate prediction.

Andrew Ng, What Artificial Intelligence Can and Can’t Do Right Now, Harvard Business Review, November 2016.



Tesla released what Autopilot’s neural net can see (2020.01.31)

43}4
. L:0_RO F2 ONDO ~
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+0.0002 RAINING 0 s
+0.0000 TIRE_SPRAY
+0.0013 WET_ROAD

0.0054 CONTROLLECTRICETS

Apply cutting-edge research to train deep
neural networks on problems ranging from
perception to control. Our per-camera
networks analyze raw images to perform
semantic segmentation, object detection and
monocular depth estimation. Our birds-eye-
view networks take video from all cameras to
output the road layout, static infrastructure
and 3D objects directly in the top-down view.

Our networks learn from the most complicated
and diverse scenarios in the world, iteratively
sourced from our fleet of nearly 1M vehicles in
real time. A full build of Autopilot neural
networks involves 48 networks that take
70,000 GPU hours to train &, Together, they
output 1,000 distinct tensors (predictions) at
each timestep.

https://www.tesla.com/autopilotAl
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C-S David Chen, Department of Civil Engineering, National Taiwan University



 What is it that Al does
that’s unique? Prediction.

* The process of filling in
missing information is

Prediction "
Ma C h i n e S . Igar:elzidcggidif chllf: ;:entral

input into decision making.

i '  Artificial intelligence can be
() ( ) understood as a drop in the

cost of prediction.

AJAY JOSHUA AV I
AGRAWAL GANS GOLDFARB

Agrawal, Ajay, Joshua Gans, and Avi Goldfarb, “Prediction Machines: The Simple Economics of Artificial Intelligence,”
Harvard Business Review Press, 2018.



« Current wave of advances in Al doesn’t actually
bring us intelligence but instead a critical
component of intelligence: prediction. ety

Semiconductor K\ @ ML
A

A
$ $
Cost of Lost of
Arithmetic Prediction
\M
1800 1960 2030 1950 2017

Agrawal, Ajay, Joshua Gans, and Avi Goldfarb, “Prediction Machines: The Simple Economics of Artificial Intelligence,”
Harvard Business Review Press, 2018.



Fun time: which answer is correct?

(1) Machine learning is a subfield of artificial
intelligence

(2) Deep learning is a subfield of artificial
intelligence

(3) Deep learning is a subfield of machine
learning

(4) All of the above
(5) None of the above

https://www.sli.do/
#0/3374

bvid Chen, Department of Civil Engineering, National Taiwan University
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2. Machine Learning and Supervised Learning

C-S David Chen, Department of Civil Engineering, National Taiwan University



Traditional Programming

, — The computer can perform
X = > D * the task it has been instructed

— to do.

Rules Computer

T

Machine Learning

ro———
. - o The computer can perform the
e task it has learned to do.
Data Computer

Valigi and Mauro (2020), Zero to Al, Manning Publications.

C-S David Chen, Department of Civil Engineering, National Taiwan University



C-S David Chen, Department of Civil Engineering, National Taiwan University



C-S David Chen, Department of Civil Engineering, National Taiwan University




C-S David Chen, Department of Civil Engineering, National Taiwan University




C-S David Chen, Department of Civil Engineering, National Taiwan University



Machine Learning (Supervised Learning)

(x) Data — y =7 .
— Machine — Answers

= |
Answers Learning (e.g., Cat or Dog)
(L8b€|€d) (Model Implicit Rule)

A

A
v —

C-S David Chen, Department of Civil Engineering, National Taiwan University



Fun time: consider the task of automated spam

detection email, what is the label?

(1) email sender

(2) email server

(3) email subject

(4) strange words or phrases (“Viagra”, “Nigerian
prince” etc.)

(5) spam or not spam

https://www.sli.do/
#0/3374

(5) (y and the others could be features x)

C-S David Chen, Department of Civil Engineering, National Taiwan University



Supervised Learning: simple x>y to enable many

applications
INPU]@ RESPONS@
Picture Photo tagging  Are there human faces? (0 or 1)

@Er(ppli_c@ Loan approvals Will they repay the loan? (O or;)

Ad plus user information  Targeted online ads | user click on ad? (0 or 1)

Audio Clip Speech recognition nscript of audio clip
English sentence Language translation ch sentence
Sensors from hard disk, pla Preventive maintenance ut to fail?

Car camera and other sens¢ Self-driving cars Position of other cars

Andrew Ng, What Artificial Intelligence Can and Can’t Do Right Now, Harvard Business Review, November 2016.

C-S David Chen, Department of Civil Engineering, National Taiwan University
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3. Deep Learning and Computer Vision

C-S David Chen, Department of Civil Engineering, National Taiwan University



B ME : LU Deep Learning &1t i Computer

Vision - TERNB2EECAR (2019.10.31 [
ALREA L FEBT¥E55] )

C-S David Chen, Department of Civil Engineering, National Taiwan University



ILSVRC (the ImageNet Large Scale Visual Recognition Challenge)
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D
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year

C-S David Chen, Department of Civil Engineering, National Taiwan University
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* Engineered features leveraged by Viola
and Jones (2001) to detect faces
reliably. -

* Their efficient algorithm found its way
into Fujifilm cameras, facilitating real-
time auto-focus.

C-S David Chen, Department of Civil Engineering, National Taiwan University



AT Fertuve

Conventional Machine Learningj

Input image eature extraction Classification Output
——
Deep Learning D
Input image Feature extraction + classification Output

———

C-S David Chen, Department of Civil Engineering, National Taiwan University



Deep Learning: Find the Features by Neural Network Layers
v/ \é v

/ Layer 1 Layer 2 Layer 3 ’N
L representations representations representations Q/

Layer 4
representations
(final output)

Original
input

©OCoo~NOoOOCOaP~,WN -0

C-S David Chen, Department of Civil Engineering, National Taiwan University



Deep Learning for Computer Vision:
Convolutional Neural Networks (CNN)

Convolution Pooling Convolution Pooling Fully Fully Output Predictions
+ RelU + RelU Connected Connected
Dog (0)
Cat (0)
Boat (1)
Bird (0)

k J \ )
| |

Feature Extraction from Image Classification

source: https://ujjwalkarn.me/2016/08/11/intuitive-explanation-convnets/

NTUCE - NCREE Al Research Center



https://ujjwalkarn.me/2016/08/11/intuitive-explanation-convnets/

Computer Vision with CNN
N

L
Semantic Classification) Object Instance
Segmentation + Localization ] Detection £ Segmentation

GRASS, :
" TREE, SKY IS U Y
Y Y . Y .
No objects, just pixels Single Object Multiple Object Tis image s G0 publc domai

source:http://cs231n.stanford.edu/slides/2018/cs231n_2018 lecture11.pdf

NTUCE - NCREE Al Research Center



http://cs231n.stanford.edu/slides/2018/cs231n_2018_lecture11.pdf
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In addition to this course ...

C-S David Chen, Department of Civil Engineering, National Taiwan University
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http://AIEngineer.tw

Mission
* Advance engineering practice with Al.
* Train next-generation engineers in Al era.

C-S David Chen, Department of Civil Engineering, National Taiwan University



Al Center KE4
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Designed by Sunny Yang.
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C-S David Chen, Department of Civil Engineering, National Taiwan University




Al will not replace engineers, but
engineers who use Al will replace those who do not.

Welcome on board!

NTUCE - NCREE Al Research Center



