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Course Info.

Å Instructor: Jie Wang (jiewangx@ustc.edu.cn, jiewang@miralab.ai)

Å TA: Shuling Yang, Xize Liang, Zijie Geng, and Runxin Liu

Å Website: https://miralab.ai/course/ml_2021fall/

Å Groups:

{shulingyang, xizeliang, zijiegeng, runxinliu}@miralab.ai

mailto:jiewangx@ustc.edu.cn
mailto:jiewang@miralab.ai


Prerequisites

Å Pattern Recognition or Introduction to Artificial Intelligence

Å Programming

Å Solid background in

Â calculus 

Â linear algebra

Â Matrix theory

Â Probability

Â é



Textbook

Å No required textbook

Å Slides and lecture notes will be posted

Å Some excellent textbooks



Course overview

Å Supervised Learning

Å Linear Regression

Å Elementary convex optimization

Å Sparse Learning

Å Naïve Bayes

Å Logistic Regression

Å Lagrange Duality

Å Support Vector Machine

Å Decision Tree

Å Random Forest

Å GBDT

Å Neural Network

Å Reinforcement Learning

Å Multi-armed Bandits

Å Finite Markov Decision Processes

Å Dynamic Programming

Å Temporal Difference Learning

Å Unsupervised Learning

Å K-means

Å Mixture Models and EM

Å Principle Component Analysis

Å Computational Learning Theory



Grading

Homework Mid-Term Exam Final Exam Project

Credit 20 20 40 20

Date TBD TBD TBD TBD

Å Start early

Â Latex is recommended for typeset

Å Credit distribution



Policy

Å No cheating

Â Finish your own work independently

Â Discussion is encouraged, but no sharing of code or text

Â Explicitly indicate references that you use in your homeworks and projects

Å Deadline is DEADline

Â No late submissions shall be accepted

Å Be polite in any form of discussion

Â Serious offense will lead to expulsion

Å Appeal within two weeks, otherwise final

Å Ignorance is NO excuse



Questions
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ҙṩ῀ ⁭ồײַ

Ҿɓ ṿ‹ɓᶂ (1912 -1954)
Alan Mathison Turing

ɒᶃ♄╜ ɓχḅ‛ ᴶ ᵸ ᶼљҚṝẦḾ ε ҽכּ ᶵζιẊћҺ Қ
ҨѭḜѼῗҚι ѱ ᴶ ᵸṏԏῶΰ (ɒ  љΰ ɓιᶃ♄ι1950)

2014ẉ6ῴ7ῄᴧּ҃ו ҭ҆ừχ ᶾ ẑɒṎ ¶BᾹ⸗΅ɓ
εEugene Goostman ζᶈ ᶂ ḲḙҺѯ ￼2014ᶃ♄╜
ᶽҺіԝӼ Ѧ13ṠѴԀԉּלḚ ҃33%￼ Ḍ



ҙṩ῀ Ḙ ײַ ╟

Һ ᴝᶍχ ⸗ Ᾱ₥

1956Ẉᶶᶽε ɓ ᴉ ҙᶇ ᶁ ◕ ᾙḘ ấҹֿכ
ɎḄӌֶⱴῡᵷ⁴Ἠҙַײ῀ ɏεҹѕὝ֦Ɏҙṩ῀
ɏ(Artificial Intelligence, AI) ⁭ồε ỏּלҙṩ῀
Ḙ ײַ ⱳ

2006ẉι ⸗ ᾹҺ ҋײẉᵅιẸ҆Қ ⸗ Ᾱ ṫ
χᾐṉι ᴊ ι῎Ᾱᶢι ậ ᷈ιἍ ᷀

ᴟҹ ֪ҙᵓσ
ӿלỉɓ ֓εClaude Shannon ζχ
ṉḫ ḯιӡỤ ֳḊҚ

ɓ ᴉ (John McCarthy) χ
⸗ Ᾱḙ ιᶃ♄᷾ệѮ

ᾑɓᾭᾙᶡεMarvin Lee Minsky ζχ
ᶃ♄᷾ệѮιι Ṫḙת ҚṪΰ ḫ
ḯ￼ֳḊҚ

ᴺ εHerbert Simon ζχ
ᶃ♄᷾ ṉ᷾ệѮ

ֶ᷿Ậɓ Ậ ᷇εOliver Selfridge ζχ
₩Ẫ ָ ᶢҚ
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ҙṩ῀ ᴦṜ♪◦
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ҙṩ῀ ΊΎꜚ

https://www.youtube.com/watch?v=lwSysg9o7wE

https://www.youtube.com/watch?v=lwSysg9o7wE


ҙṩ῀ ΊΎꜚ

https://www.youtube.com/watch?v=Wx7RCJvoCMc

https://www.youtube.com/watch?v=Wx7RCJvoCMc
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What is Machine Learning



https://towardsdatascience.com/introduction-to-machine-learning-for-beginners-eed6024fdb08

AI vs ML vs DL

https://towardsdatascience.com/introduction-to-machine-learning-for-beginners-eed6024fdb08


What is Machine Learning

Math



What is Machine Learning

Math Coding



What is Machine Learning

Math Coding

Searching for good parameters



What is Machine Learning

Math Coding

Searching for good parameters



What is Machine Learning

ÅMachine learning is a field of computer science that uses statistical techniques to 

give computer systems the ability to ñlearnò (e.g., progressively improve performance on 
a specific task) with data, without being explicitly programmed. --- Arthur Samuel (1959)

Å A computer program is said to learn from experience E with respect to some class of 

tasks T and performance measure P if its performance at tasks in T, as measured by P, 
improves with experience E. --- Tom Mitchell (1997)



What is Machine Learning

Machine learning is deeply rooted in real-world applications.



What is Machine Learning
ÅBy Nvidia



Breaking News Everyday - ImageNet

Xavier Giro-o-Nieto

Feifei Li

Professor @ Stanford

https://www.slideshare.net/xavigiro/image-classification-on-imagenet-d1l4-2017-upc-deep-learning-for-computer-vision/


Breaking News Everyday - ImageNet

https://www.researchgate.net/figure/Winner-results-of-the-ImageNet-large-scale-visual-

recognition-challenge-LSVRC-of-the_fig7_324476862



Breaking News Everyday - ImageNet

https://www.researchgate.net/figure/Winner-results-of-the-ImageNet-large-scale-visual-

recognition-challenge-LSVRC-of-the_fig7_324476862



Breaking News Everyday - AlphaGo

https://www.youtube.com/watch?v=8tq1C8spV_g

https://www.youtube.com/watch?v=8tq1C8spV_g


Breaking News Everyday - AlphaGo



Breaking News Everyday ïArtari Games

https://www.youtube.com/watch?v=V1eYniJ0Rnk

https://www.youtube.com/watch?v=V1eYniJ0Rnk


Breaking News Everyday ïSuper Mario

https://www.youtube.com/watch?v=L4KBBAwF_bE



Breaking News Everyday ïAlphaStar

https://deepmind.com/blog/alphastar-mastering-real-time-strategy-game-starcraft-ii/

https://deepmind.com/blog/alphastar-mastering-real-time-strategy-game-starcraft-ii/


Breaking News Everyday ïAlphaFold

https://deepmind.com/blog/article/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology



Breaking News Everyday ïAutonomous Driving



Breaking News Everyday ïVoice Assistant

https://www.youtube.com/watch?v=D5VN56jQMWM



Breaking News Everyday ïVoice Assistant



Breaking News Everyday ïRobot

https://www.youtube.com/watch?v=fRj34o4hN4I

https://www.youtube.com/watch?v=fRj34o4hN4I


Breaking News Everyday ïRobot

https://www.youtube.com/watch?v=KEMt58ePNDs

https://www.youtube.com/watch?v=KEMt58ePNDs


Why you should learn ML?
ÅThis is an era of ML 

Self-Driving
Intelχ4000G/ /ᶾ

Waymoχ1000єԇ

Health Care
ᶢᵼ χ30қ ᶢḾ/Қ

ԅ2015רẉוֹװᾭὯχ8.6єқGB

Surveillance
ԅᶂ ίᾋӵ᷃χ 3000є
⅛ῄ ί χ 7қṇῊ

Customer Service
ѧᶂ χῄḭῸט 240єӕ
ҖѠχῄḭῸ 75єӕ

ÅStill many opportunities for you to explore

Social networks Recommender Systems Medical Image Intelligent Networks/Cities

ÅPlenty of well-paid openings



A Birdôs eye view of ML

Supervised

Learning
Unsupervised

Learning

Reinforcement

Learning

ML

Learn to predict 

an output with an 

input

Discover hidden 

patterns

Learn to achieve 

certain goal by a 

sequence of carefully 

selected actions



A Birdôs eye view of ML



Supervised Learning

dog cat

Training

dog

Predicting

Å Regression : The output is a real number (vector)

Å Classification : The output is a class label.

labels

Each sample consists 

of an inputὼand a 

target outputώ.

dog

Learning

Supervised Signal



Supervised Learning

dog

We are indeed looking for a mapping (function).

ÅImage classification

ñDogò
Ὢɇ



Supervised Learning

dog

We are indeed looking for a mapping (function).

ÅAutonomous driving

ñslow downò
Ὢɇ



Supervised Learning

dog

We are indeed looking for a mapping (function).

ÅSpeech recognition

ñHow are you doingò
Ὢɇ



Supervised Learning

dog

We are indeed looking for a mapping (function).

ÅMedical diagnosis

ñnormalò
Ὢɇ

ñmild cognitive impairmentò
Ὢɇ

ñAlzheimer Diseaseò
Ὢɇ



Framework of Supervised Learning

Training

Data

A set of 

functions

Algorithm
Model

ñmammalò

Find     from

Training Testing



Supervised Learning ïHypothesis Set

dog

https://realpython.com/linear-regression-in-python/

Regression

Linear Models

https://realpython.com/linear-regression-in-python/


Supervised Learning ïHypothesis Set

dog

https://realpython.com/linear-regression-in-python/

Regression

Linear Models

Polynomials

https://realpython.com/linear-regression-in-python/


Supervised Learning ïHypothesis Set

dog

https://blogs.oracle.com/bigdata/machine-learning-techniques

Classification

Linear Models

https://blogs.oracle.com/bigdata/machine-learning-techniques


Supervised Learning ïHypothesis Set

dog

Classification

Decision Tree

https://towardsdatascience.com/a-beginners-guide-to-decision-tree-classification-6d3209353ea

https://towardsdatascience.com/a-beginners-guide-to-decision-tree-classification-6d3209353ea


Supervised Learning ïHypothesis Set

dog

Classification

Decision Tree

https://www.jeremyjordan.me/decision-trees/

https://www.jeremyjordan.me/decision-trees/


Supervised Learning ïHypothesis Set

dog

Classification

Neural Network



Supervised Learning ïDeep Learning

dog

https://towardsdatascience.com/a-weird-introduction-to-deep-learning-7828803693b0

https://towardsdatascience.com/a-weird-introduction-to-deep-learning-7828803693b0


Supervised Learning ïDeep Learning

8 layers

19 layers

22 layers

AlexNet (2012) VGG (2014) GoogleNet (2014)

16.4%

7.3%
6.7%

http://cs231n.stanford.edu/slides/winter1516_lecture8.pdf

http://speech.ee.ntu.edu.tw/~tlkagk/courses/ML_2019/Lecture/introduction%20(v8).pptx

http://speech.ee.ntu.edu.tw/~tlkagk/courses/ML_2019/Lecture/introduction%20(v8).pptx


Supervised Learning ïDeep Learning

AlexNet

(2012)

VGG 

(2014)

GoogleNet

(2014)

152 layers

3.57%

Residual Net 

(2015)

16.4%
7.3% 6.7%

http://speech.ee.ntu.edu.tw/~tlkagk/courses/ML_2019/Lecture/introduction%20(v8).pptx

http://speech.ee.ntu.edu.tw/~tlkagk/courses/ML_2019/Lecture/introduction%20(v8).pptx


Unsupervised Learning ïClustering

http://www.frankichamaki.com/data-driven-market-segmentation-more-effective-marketing-to-segments-using-ai/

No labels available



Unsupervised LearningïClustering

http://mmlab.ie.cuhk.edu.hk/projects/unsupervised_deep.html

http://mmlab.ie.cuhk.edu.hk/projects/unsupervised_deep.html


Unsupervised LearningïClustering 

https://towardsdatascience.com/google-news-and-leo-tolstoy-visualizing-word2vec-

word-embeddings-with-t-sne-11558d8bd4d

https://towardsdatascience.com/google-news-and-leo-tolstoy-visualizing-word2vec-word-embeddings-with-t-sne-11558d8bd4d


Unsupervised LearningïSelf-supervised Learning 

http://iizuka.cs.tsukuba.ac.jp/projects/colorization/en/


