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課程大綱 (Syllabus)
週次 (Week)    日期 (Date)    內容 (Subject/Topics)
1  2021/02/24  人工智慧概論

(Introduction to Artificial Intelligence)
2  2021/03/03  人工智慧和智慧代理人

(Artificial Intelligence and Intelligent Agents)
3  2021/03/10  問題解決

(Problem Solving)
4  2021/03/17  知識推理和知識表達

(Knowledge, Reasoning and Knowledge Representation)

5  2021/03/24  不確定知識和推理
(Uncertain Knowledge and Reasoning)

6  2021/03/31  人工智慧個案研究 I 
(Case Study on Artificial Intelligence I)



週次 (Week)    日期 (Date)    內容 (Subject/Topics)
7  2021/04/07 放假一天 (Day off)
8  2021/04/14 機器學習與監督式學習

(Machine Learning and Supervised Learning)
9  2021/04/21  期中報告

(Midterm Project Report)
10  2021/04/28  學習理論與綜合學習

(The Theory of Learning and Ensemble Learning)
11  2021/05/05  深度學習

(Deep Learning)
12  2021/05/12  人工智慧個案研究 II 

(Case Study on Artificial Intelligence II)
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課程大綱 (Syllabus)



週次 (Week)    日期 (Date)    內容 (Subject/Topics)
13  2021/05/19  強化學習

(Reinforcement Learning)
14  2021/05/26  深度學習自然語言處理

(Deep Learning for Natural Language Processing)
15  2021/06/02  機器人技術

(Robotics)
16  2021/06/09  人工智慧哲學與倫理，人工智慧的未來

(Philosophy and Ethics of AI, The Future of AI)
17  2021/06/16  期末報告 I 

(Final Project Report I)
18  2021/06/23  期末報告 II 

(Final Project Report II)
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課程大綱 (Syllabus)



Artificial Intelligence 
Problem Solving
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Outline
• Solving Problems by Searching
• Search in Complex Environments
• Adversarial Search and Games
• Constraint Satisfaction Problems
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Stuart Russell and Peter Norvig (2020), 
Artificial Intelligence: A Modern Approach, 

4th Edition, Pearson

7
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/

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


1. Artificial Intelligence
2. Problem Solving
3. Knowledge and Reasoning
4. Uncertain Knowledge and Reasoning
5. Machine Learning
6. Communicating, Perceiving, and Acting
7. Philosophy and Ethics of AI

8Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

Artificial Intelligence: 
A Modern Approach 



9Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

Artificial Intelligence: 
Problem Solving



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

10Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

Artificial Intelligence: 
2. Problem Solving



11Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

Intelligent Agents



4 Approaches of AI

12

2.
Thinking Humanly: 

The Cognitive
Modeling Approach

3. 
Thinking Rationally:
The “Laws of Thought” 

Approach

1.
Acting Humanly:
The Turing Test 

Approach (1950)

4. 
Acting Rationally:

The Rational Agent 
Approach

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



Reinforcement Learning (DL)

13Source: Richard S. Sutton & Andrew G. Barto (2018), Reinforcement Learning: An Introduction, 2nd Edition, A Bradford 
Book.

Agent

Environment



Reinforcement Learning (DL)

14Source: Richard S. Sutton & Andrew G. Barto (2018), Reinforcement Learning: An Introduction, 2nd Edition, A Bradford 
Book.
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Reinforcement Learning (DL)

15Source: Richard S. Sutton & Andrew G. Barto (2018), Reinforcement Learning: An Introduction, 2nd Edition, A Bradford 
Book.
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Agents interact with environments 
through sensors and actuators

16Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

CHAPTER 2
INTELLIGENT AGENTS

Agent Sensors

Actuators
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Figure 2.1 Agents interact with environments through sensors and actuators.

A B

Figure 2.2 A vacuum-cleaner world with just two locations. Each location can be clean or
dirty, and the agent can move left or right and can clean the square that it occupies. Different
versions of the vacuum world allow for different rules about what the agent can perceive,
whether its actions always succeed, and so on.



17Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

Solving Problems 
by 

Searching



AI: Solving Problems by Searching

18Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

A simplified road map of part of Romania, with road distances in miles.



The state-space graph for 
the two-cell vacuum world

19Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

There are 8 states and threeactions for each state:
L = Left, R = Right, S = Suck.



A typical instance of 
the 8-puzzle

20Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



Arad to Bucharest

21Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



Three partial search trees for finding 
a route from Arad to Bucharest

22Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



Three partial search trees for finding 
a route from Arad to Bucharest

23Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



Three partial search trees for finding 
a route from Arad to Bucharest

24Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



Three partial search trees for finding 
a route from Arad to Bucharest

25Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



A sequence of search trees 
generated by a graph search 

on the Romania problem 

26Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



The Separation Property of 
Graph Search

illustrated on a rectangular-grid problem

27Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

The frontier (green) separates 
the interior (lavender) from 
the exterior (faint dashed)



28Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

The Best-First Search (BFS) Algorithm



Breadth-First Search 
on a Simple Binary Tree

29Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



Breadth-First Search 
on a Simple Binary Tree

30Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



Breadth-First Search 
on a Simple Binary Tree

31Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



Breadth-First Search 
on a Simple Binary Tree

32Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



Breadth-First Search 
on a Simple Binary Tree

33Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



34Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

Breadth-First Search and 
Uniform-Cost Search Algorithms



Part of the Romania State Space 
Uniform-Cost Search

35Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



36Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

Depth-First Search 
(DFS) 



37Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

Depth-
First 
Search 
(DFS) 



38Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

Iterative deepening and
depth-limited tree-like search



Four iterations of iterative deepening search 

39Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



Four iterations of iterative deepening search 

40Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



Four iterations of iterative deepening search 

41Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



42Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

Bidirectional Best-First Search 
keeps two frontiers and two tables of reached states



43Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

Bidirectional Best-First Search 
keeps two frontiers and two tables of reached states



Evaluation of search algorithms

44Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

b is the branching factor; m is the maximum depth of the search tree;
d is the depth of the shallowest solution, or is m when there is no solution;
ℓ is the depth limit



Values of hSLD
—straight-line distances to Bucharest.

45Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



A∗ search

46Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



47Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

A∗ search
Nodes are labeled with f = g + h. 
The h values are the Straight-Line Distances heuristic hSLD



48Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

A∗ search
Nodes are labeled with f = g + h. 
The h values are the Straight-Line Distances heuristic hSLD



49Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

A∗ search
Nodes are labeled with f = g + h. 
The h values are the Straight-Line Distances heuristic hSLD



Triangle Inequality

50Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

If the heuristic h is consistent, then the single number h(n)
will be less than the sum of the cost c(n, a, a′) of the action 
from n to n′ plus the heuristic estimate h(n′).



Map of Romania showing contours at 
f = 380, f = 400, and f = 420, 
with Arad as the start state

51Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



(a) A∗ Search 
(b) Weighted A∗ Search 

52Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

The gray bars are obstacles, the purple line is the path from the green start to red goal, 
and the small dots are states that were reached by each search.
On this particular problem, weighted A∗ explores 7 times fewer states and finds a path 
that is 5% more costly.



53Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

Recursive Best-First Search (RBFS) 
Algorithm



Recursive Best-First Search (RBFS) 

54Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



Recursive Best-First Search (RBFS) 

55Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



Recursive Best-First Search (RBFS) 

56Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



Bidirectional Search 
maintains two frontiers

57Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

On the left, nodes A and B are successors of Start;
on the right, node F is an inverse successor of Goal



A typical instance of the 8-puzzle

58Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

The shortest solution is 26 actions long



Comparison of the search costs and effective 
branching factors for 8-puzzle problems

59Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



A subproblem of the 8-puzzle 

60Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

The task is to get tiles 1, 2, 3, 4, and the blank into their correct positions,
without worrying about what happens to the other tiles



A Web service providing driving directions, 
computed by a search algorithm.

61Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



62Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

Search 
in 

Complex 
Environments



A one-dimensional 
state-space landscape

63Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



64Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

Adversarial 
Search 

and 
Games



Game Tree for the Game of Tic-tac-toe

65Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



66Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

Constraint 
Satisfaction 

Problems



The Map-Coloring Problem 
Represented as a Constraint Graph

67Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



A Tree Decomposition of the 
Constraint Graph

68Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson



AIMA Python
• Artificial Intelligence: A Modern Approach (AIMA)
– http://aima.cs.berkeley.edu/

• AIMA Python
– http://aima.cs.berkeley.edu/python/readme.html

• Search
– http://aima.cs.berkeley.edu/python/search.html

• Games: Adversarial Search
http://aima.cs.berkeley.edu/python/games.html

• CSP (Constraint Satisfaction Problems)
– http://aima.cs.berkeley.edu/python/csp.html

69Source: Stuart Russell and Peter Norvig (2020), Artificial Intelligence: A Modern Approach, 4th Edition, Pearson

http://aima.cs.berkeley.edu/
http://aima.cs.berkeley.edu/python/readme.html
http://aima.cs.berkeley.edu/python/search.html
http://aima.cs.berkeley.edu/python/games.html
http://aima.cs.berkeley.edu/python/csp.html
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Python in Google Colab (Python101)
https://colab.research.google.com/drive/1FEG6DnGvwfUbeo4zJ1zTunjMqf2RkCrT

https://tinyurl.com/aintpupython101

https://colab.research.google.com/drive/1FEG6DnGvwfUbeo4zJ1zTunjMqf2RkCrT
https://tinyurl.com/aintpupython101


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