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What is AI? ML? DL?



History of AI

1950

“Can machines think?”

1966
First Chatbot: ELIZA

1975

First AI Winter

1980
Expert System

1987

Second AI Winter

2016

AlphaGo



ChatGPT [December 2022]



AI and Machine Learning

Dartmouth Summer Research Project on 
Artificial Intelligence, 1956 @ Dartmouth 

College

1st International Conference on Machine 
Learning (1st Machine Learning 
Workshop), 1980 @ Pittsburgh



What is Machine Learning?
Study of algorithms that:

improve their performance P

at some task T

with experience E

well-defined learning task: <P,T,E>

spam?Mitchell, 1997



Machine Learning Problems



Zero-shot Ability

https://chatgpt.hku.hk/



Machine Learning (Today)

<latexit sha1_base64="C226ss1N7+Q9zPQuE1iUiWYDI/M="></latexit>
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training objective/loss

model

training dataset

Supervised Learning In-Context Learning



Powerful Large Language Models



Powerful Large Language Models

https://poe.com/



Powerful Large Language Models

GPT-3.5 (ChatGPT) GPT-4 Llama2

GSM8K 
(8-shot) 57.1 92.0 56.8

(Llama 2 Technical Report, 2023)

71.7 (ChatGPT as of Aug 30, 2023, zero-shot)



Probabilistic Machine Learning

There are two main reasons we adopt a probabilistic approach.

1. It is the optimal approach to decision 
making under uncertainty.

2. Probabilistic modeling is the language 
used by most other areas of science and 
engineering, and thus provides a unifying 
framework between these fields.



Probabilistic Machine Learning

Is it a lot of math?



Probabilistic Machine Learning

Is it a lot of math?



Probabilistic Machine Learning

1

Input 1 Input 2

2

Output

5

2 3 8

3 6 15

<latexit sha1_base64="zW4voGZr0FsEsxP3ROMlkGBrCuw="></latexit>

f(x1, x2) ! y

4 1 6

Inference



Probabilistic Machine Learning

<latexit sha1_base64="upzoEmSQKvHSERUnQX46ZALNJqg="></latexit>

f(x) ! y

Inference



Probabilistic Machine Learning

1

Input 1 Input 2

2

Output

5.1

2 3 8.2

3 6 14.7

4 1 5.6

<latexit sha1_base64="R57YGSGRKaTZwc3+TWKGoBXmDxo="></latexit>

w1x1 + w2x2 ! y

Training / Estimating



Probabilistic Machine Learning

1

Input 1 Input 2

2

Output

5.1

2 3 8.2

3 6 14.7

4 1 5.6

Training / Estimating



Machine Learning Problems



Supervised Learning — Classification

Three types of Iris flowers: Setosa, Versicolor and Virginica.

sl: sepal length 
sw: sepal width 
pl: petal length 
pw: petal width



Supervised Learning — Classification



Supervised Learning — Classification



Supervised Learning — Classification
Empirical Risk Minimization (ERM):



Supervised Learning — Classification
Uncertainty: using conditional probability distribution

Constraints: Softmax Function:

Affine Function:

<latexit sha1_base64="dtWZQ3ZzULhnBDRzprTlnzs2Shw="></latexit>
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Softmax Function



Supervised Learning — Classification

Maximum Likelihood Estimation

Minimizing Negative Log Likelihood



Course Logistics



Course Logistics

https://nlp.cs.hku.hk/comp3314

Website:

Prerequisites:

MATH1853 or MATH2101; and COMP2119 or ELEC2543 or FITE2020

This ML course will be very difficult if you haven’t taken these courses.

Assessment:
50% continuous assessment, 50% examination (final exam) —(note parallel sessions)

TAs:
Chang Ma      changma AT connect.hku.hk
Xie Zhang      zhangxie AT connect.hku.hk
Zhiheng Lyu  cogito AT connect.hku.hk

https://nlp.cs.hku.hk/comp3314
http://connect.hku.hk
http://connect.hku.hk
http://connect.hku.hk


Course Logistics
Textbook recommendation (PML):

Assessments (in total ~4):

Programming problems

Problem sets

Honor code:

You are free to form study groups and discuss homeworks 
and projects. However, you must write up homeworks and 
code from scratch independently, and you must 
acknowledge in your submission all the students you 
discussed with.

0

Probabilistic Machine Learning, An Introduction 
MIT Press, February 2022.

(MLAPP) 
Highly Recommended!



Course Logistics

• Reinforcement Learning (RL) 
◦ Consider taking: comp3270 AI 

•Deep Learning (CNN, RNN, GAN, Deep RL) 
◦ Consider taking: comp3340 Applied deep learning, and/or 
◦ Consider taking: comp3317 Computer vision 

• To work on bigger applied projects 
◦ Consider taking: comp3359 AI applications, and/or 
◦ Consider taking: comp3414 Experiential learning on AI and robotics  

• R language with a focus on statistical modeling  
◦ Consider taking: comp3354 Statistical learning 



Machine Learning Problems



Typefaces

http://demo.clab.cs.cmu.edu/cdyer/short-guide-typesetting.pdf



Supervised Learning

inputs/features/covariates/predictors outputs/label/target/response

<latexit sha1_base64="C226ss1N7+Q9zPQuE1iUiWYDI/M="></latexit>
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Supervised Learning — Regression

Output = Real-value -> Quadratic loss



Supervised Learning — Regression

Uncertainty: Assume output distribution = Gaussian

assume variance is fixed (for simplicity):



Supervised Learning — Regression



Generalization



Overfitting

What is overfitting 
and why it is a bad 

thing?



Generalization

training set 

development (dev) set 

test set 
(real product) 



Machine Learning Problems



Unsupervised Learning — Clustering
Goal: 
Partition the input into regions that contain “similar” points.



Unsupervised Learning — Clustering

Linear Model:

Non-linear Model:



Unsupervised Learning — Self-supervised Learning

Transformer

I feel like eating [SEP][CLS] What you want ? [SEP]like [MASK] [MASK]

NSP MLM

BERT: 
masked language modeling + next sentence prediction



Unsupervised Learning — Evaluation

• It is difficult to evaluate since no ground truth.  

• Use learned unsupervised representation as features to a 
downstream supervised learning method 

• If unsupervised model learn useful features, the prediction in 
supervised model will increase.  

• Evaluate unsupervised model by reducing the number of 
labelled sample to get good performance.  



Machine Learning Problems



AlphaGo

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


Machine Learning Problems
A system or agent has to learn how to interact with its environment.  
This can be encoded by means of a policy a = p(x), which specifies which action to 
take in response to each possible input x (derived from the environment state).



AlphaFold

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


Supervised Learning — Classification

C = 3 channels (e.g., RGB)


