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Project Schedule
Week Date Mode Topic

6
4/5 (Tue) Video Lecture 9. Automated Planning

4/7 (Thu) Video Lecture 10. Uncertainty, Probability, Information

7
4/12 (Tue) Video Lecture 11. Probabilistic Reasoning

4/14 (Thu) Online Tutorial 1. Scientific computing with Python

8
4/19 (Tue) Online Tutorial 2. Bayesian Networks (Project 1 Announcement)

4/21 (Thu) Offline Midterm Exam

9
4/26 (Tue) No class Project 1 Presentation (Submit your report and video)

4/28 (Thu) Hybrid Lecture 12. Temporal Reasoning

…

12
5/17 (Tue) Video Lecture 16. Deep Learning (Project 2 Announcement)

5/19 (Thu) Online Tutorial 3. Deep Neural Networks

13
5/24 (Tue) Online Tutorial 4. Advanced Deep Learning

5/26 (Thu) Video Lecture 17. Reinforcement Learning

…

15
6/7 (Tue) Hybrid Lecture 20. Robotics

6/9 (Thu) Hybrid Lecture 21. Human-Level AI

16
6/14 (Tue) Offline Final exam

6/16 (Thu) No class Project 2 Presentation (Submit your report and video)

Final deadline of project 1 report
à 5/5 (Thu) 23:59

Team-up for project2

Final deadline of project 2 report
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Scientific computing with Python (4/14, Thu)
• Jupyter & Colaboratory Notebooks
• Python
• NumPy
•Matplotlib
•…

Bayesian networks (4/19, Tue)
• Recap) Bayesian networks
• Implementation of Bayesian networks
• Project 1 Announcement (Disease diagnosis)

Goal of the Tutorial 1 and Tutorial 2
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Scientific computing with Python
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Python
• High-level programming language was released in 1991, which was created by Guido van Rossum
• Name of the Python is derived from the comedy program , <Monty Python’s Flying Circus>, that 

Guido likes
• Python is interpretive, object-oriented, dynamic typed (check the data type in run time) and 

interactive programming language
• Python is dynamically typed and garbage-collected as well as, It supports multiple programming 

paradigms, including procedural, object-oriented, and functional programming
• The Zen of Python

• Beautiful is better than ugly
• Explicit is better than implicit
• Simple is better than complex
• Readability counts
• Sparse is better than dense 
• …

What is the Python?

https://www.python.org/

https://www.python.org/
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Jupyter notebook
• A web-based interactive computational environment for creating notebook 

documents
• Input/output cells can contain code, text, plots, ...
• Various programming languages are supported as Jupyter kernels
• See the https://www.dataquest.io/blog/jupyter-notebook-tutorial/

Google Colaboratory
• Google-hosted Jupyter notebooks that runs entirely in the cloud
• They provide free/paid access to hardware accelerator like GPUs and TPUs
• Link for practice: 

https://colab.research.google.com/drive/1vmdpsCGHS4okuOSiFwMUQK2q
OuznHLZL#scrollTo=c48fa53a

Jupyter and Colab Notebooks

https://www.dataquest.io/blog/jupyter-notebook-tutorial/
https://colab.research.google.com/drive/1vmdpsCGHS4okuOSiFwMUQK2qOuznHLZL
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Print function and Comments

# Line comment

"""
Block comment
"""
print("Hello World!")

# An example of an indentation error
print("Hello World!")

print("Hello World!")

// comment
/* multi-line comments */

C or C++
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• In Python, variables are defined by assigning value to them
• There is no need to explicitly declare the type of a variable

Variables

# str, immutable
var = "hello"
print(type(var))

# int, immutable
var = 10
print(type(var))

# float, immutable
var = 10.0
print(type(var))

# bool, immutable
var = True # False
print(type(var))

# tuple, immutable
# collections of objects
var = (8, 9)
print(type(var))

# list
var = [1, 2, 3]
print(type(var))

# None
var = None
print(type(var))
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Operations
• You can use math operators on variables and literals

var = 10
print(var + 4)
print(var - 4)

# Multiply with *
print(var * 4)

# Raise power with **
print(var ** 4)

# Float division with / 
print(var / 4)

# Integer division with //
print(var // 4)

# Integer division is the same as dividing then casting
print(int(var / 4))
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Control Flows: if condition
• We can execute a portion of code based on conditional statements

operation = "add"
num = 6

if operation == "add":
print("Adding: ", num + num)

elif operation == "multiply":
print("Multiplying: ", num * num)

else:
print("Operation is not defined.")

x = 7
if x < 5: 

print('small') 
else: 

print('large') 

comparison operator meaning

< smaller

<= smaller or equal

== same

>= larger or equal

> larger

!= not equal
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Control Flows: iteration statements
• We can use loops to iterate over iterables, such as strings or arrays

sentence = "I am AI!"
for character in sentence:

print(character, end=' ')

arr = ['a’, 'b’, 'c’, 'd’, 'e’, 'f']
for char in arr:

print(char, end=' ')

# Same as for (int i = 0; i < 10; i++) in C
sum_all = 0
for i in range(10): 

sum_all = sum_all + (i+1) 
print(sum_all) # 55

n = 5
while n > 0 :

print(n, end=' ')
n = n - 1
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Container (iterable): List
• A list is a data structure that stores ordered sequence of elements

https://docs.python.org/3/tutorial/datastructures.html

friends = ["turing", "bengio", "hinton"]
print(friends)
print(friends[1])

friends.append("lecun")
print(friends)
print(friends[3])

mylist = [10, 20, 30, 40, 50 ]
print(mylist[1:3]) # [20, 30]
print(mylist[:3])   # [10, 20, 30]
print(mylist[3:])   # [40, 50]

numbers = [2, 5, 1, 4, 3]
print(len(numbers))
numbers.sort()
print(numbers)

https://docs.python.org/3/tutorial/datastructures.html
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Container (iterable): List
• A list is a data structure that stores ordered sequence of elements

https://docs.python.org/3/tutorial/datastructures.html

friends = ["turing", "bengio", "hinton"]
print(friends)
print(friends[1])

friends.append("lecun")
print(friends)
print(friends[3])

mylist = [10, 20, 30, 40, 50 ]
print(mylist[1:3]) # [20, 30]
print(mylist[:3])   # [10, 20, 30]
print(mylist[3:])   # [40, 50]

numbers = [2, 5, 1, 4, 3]
print(len(numbers))
numbers.sort()
print(numbers)

n:m à it means from ‘n’ to ‘m-1’

Nested functions with the list as a parameter 
and methods of the list

https://docs.python.org/3/tutorial/datastructures.html
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Container (iterable): Dictionary
• List: linear data structure that remains orders that use integer index
• Dictionary: Data structure that has values and keys in any order

{(key: value), (key: value), …}

word_count = {'red': 30, 'blue': 10, 'yellow': 20}
print(word_count['red’])

my_dict = dict()
my_dict['height'] = 175
my_dict['weight'] = 75
print(my_dict.get('height'))
print(my_dict.keys())
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Container (iterable): Tuple
• A tuple is a collection of data which is ordered and unchangeable

'''initialize tuple'''
(x, y) = (20, 'hello')
print(y)

'''comparison between tuples'''
print((1,2,3)<(2,4,6))

'''tuple and dictionary'''
d = dict()
d['me'] = 20
d['you'] = 10

for (key, val) in d.items():
print(key, val)

tups = d.items()
print(tups)
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Container (iterable): Set
• Set: not to allow to overlap and does not consider the order of the data

lst = [1, 2, 2, 3, 3, 4]
strings = "love"
set1 = set(lst)
set2 = set(strings)
print(set1) # deduplication
print(set2) # ignore the order

set1 = set([1, 2, 3, 4])
set2 = set([2, 4, 6, 8])
# intersection
print(set1 & set2) 
print(set1.intersection(set2)) 
# union
print(set1 | set2) 
print(set1.union(set2)) 
# difference
print(set1 - set2) 
print(set1.difference(set2))
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Functions
• We can define functions as shown in the following code block. Make sure 

to define your functions before calling them
• Nested function: print(), input(), …
• User-defined function

https://docs.python.org/3/library/functions.html

'''A function that converts km to miles'''
def km_to_mile(km):

mile = km/1.609344 # 1 mile == 1.609344 km
return mile

print('km unit: ')
km = float(input())
print('mile = ', km_to_mile(km))

https://docs.python.org/3/library/functions.html
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Classes
• Object = Attribute + Method
• It is a concept used to condense attributes(variables etc.), 

functions(methods) to create objects

# car 1 
car_brand1 = "toyota"
car_color1 = "red"
car_year1 = 1995

# car 2 
car_brand2 = "hyundai"
car_color2 = "green"
car_year2 = 2000

class Car:
def __init__(self, brand, color, year, current_speed):

self.brand = brand
self.color = color
self.year = year
self.current_speed = current_speed

def accelerate(self):
self.current_speed += 10
return self.current_speed

car1 = Car('toyota', 'red', 1995, 100)
car2 = Car('hyundai', 'green', 2000, 120)

print(car1.brand)
print(car2.current_speed)
car2.accelerate()
print(car2.current_speed)

It plays a role that is similar to ‘this’ in C, C++, java etc. 
By using  ‘self’, we can store the variables in the objects and call theses
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What is NumPy?
NumPy
• One of the library that provides efficient  and easy operation of the large-scale and multi-

dimensional matrix in the python
• It can make us to implement matrix operation, generate random numbers and fourier

transform more easily than C, C++, Fortran
• It is partially implemented in C, Fortran internally so, its speed of running is fast
• Mostly, it is used with other python libraries (Scipy, Sympy, Matplotlib, Pandas)  to 

implement various statistical and  numerical analysis techniques
• The NumPy tutorial is based on the Justin Johnson's tutorial.

https://numpy.org/doc/stable/user/quickstart.html

https://web.eecs.umich.edu/~justincj/
https://cs231n.github.io/python-numpy-tutorial/
https://numpy.org/doc/stable/user/quickstart.html
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Arrays

import numpy as np

a = np.array([1, 2, 3])
print(type(a))
print(a.shape)
print(a[0], a[1], a[2])

a[0] = 5
print(a)

b = np.array([[1, 2, 3], [4, 5, 6]]) 
print(b.shape) 
print(b[0, 0], b[0, 1], b[1, 0])

• We can initialize numpy arrays from nested Python lists, and access 
elements using square brackets
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Arrays
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Arrays
• Numpy also provides many functions to create arrays

import numpy as np

a = np.zeros((2, 2))
print(a) 

b = np.ones((1, 2))
print(b) 

c = np.full((2, 2), 7) 
print(c) 

d = np.eye(2) 
print(d) 

e = np.random.random((2, 2)) 
print(e)
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Numpy array indexing
• Numpy arrays can be sliced

import numpy as np

a = np.array([[1, 2, 3, 4], [5, 6, 7, 8], [9, 10, 11, 12]])
b = a[:2, 1:3]

print(a[0, 1]) 
b[0, 0] = 77
print(a[0, 1]) 

row_r1 = a[1, :]
row_r2 = a[1:2, :]
print(row_r1, row_r1.shape)
print(row_r2, row_r2.shape)  

col_r1 = a[:, 1]
col_r2 = a[:, 1:2]
print(col_r1, col_r1.shape) 
print(col_r2, col_r2.shape) 
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Numpy array indexing
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Integer array indexing
• Integer array indexing allows you to construct arbitrary arrays using the 

data from another array

import numpy as np

a = np.array([[1, 2], [3, 4], [5, 6]])

print(a[[0, 1, 2], [0, 1, 0]]) 

print(np.array([a[0, 1], a[1, 1], a[2, 0]])) 

print(a[[0, 0], [1, 1]]) 

print(np.array([a[0, 1], a[1, 1]])) 
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Integer array indexing
• Integer array indexing allows you to construct arbitrary arrays using the 

data from another array

import numpy as np
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Integer array indexing
• One useful trick with integer array indexing is selecting or mutating one 

element from each row of a matrix

import numpy as np

a = np.array([[1, 2, 3], [4, 5, 6], [7, 8, 9], [10, 11, 12]])
print(a) 

b = np.array([0, 2, 0, 1])
print(a[np.arange(4), b]) 

a[np.arange(4), b] += 10
print(a)
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Integer array indexing
• One useful trick with integer array indexing is selecting or mutating one 

element from each row of a matrix

import numpy as np

a = np.array([[1, 2, 3], [4, 5, 6], [7, 8, 9], [10, 11, 12]])
print(a) 

b = np.array([0, 2, 0, 1])
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Boolean array indexing
• Boolean Array indexing lets you pick out arbitrary elements of an array

import numpy as np

a = np.array([[1, 2], [3, 4], [5, 6]])

bool_idx = (c > 2) 

print(bool_idx) 

print(a[bool_idx])

print(a[a > 2])
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Boolean array indexing
• Boolean Array indexing lets you pick out arbitrary elements of an array

import numpy as np

a = np.array([[1, 2], [3, 4], [5, 6]])

bool_idx = (c > 2) 
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Array math

import numpy as np

x = np.array([[1, 2],[3, 4]], dtype=np.float64)
y = np.array([[5, 6],[7, 8]], dtype=np.float64)

print(x + y)
print(np.add(x, y))

print(x - y)
print(np.subtract(x, y))

print(x * y)
print(np.multiply(x, y))

print(x / y)
print(np.divide(x, y))

print(np.sqrt(x))

• Basic mathematical functions operate elementwise on arrays
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Array math
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Array math

import numpy as np

x = np.array([[1, 2], [3, 4]])
y = np.array([[5, 6], [7, 8]])
v = np.array([9, 10])
w = np.array([11, 12])

print(v.dot(w))
print(np.dot(v, w))

print(x.dot(v))
print(np.dot(x, v))

print(x.dot(y))
print(np.dot(x, y))

print(np.sum(x))
print(np.sum(x, axis=0))
print(np.sum(x, axis=1))

• Numpy provides many useful functions for performing computations on arrays
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Array math
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Array math

import numpy as np

x = np.array([[1, 2], [3, 4]])

print(x)
print(x.T)

v = np.array([1, 2, 3])

print(v)
print(v.T)

• Apart from computing mathematical functions, we can reshape data in arrays 
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Array math

import numpy as np
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Broadcasting
• Broadcasting allows numpy to work with arrays of different shapes 

during arithmetic operations

import numpy as np

x = np.array([[1, 2, 3], [4, 5, 6], [7, 8, 9], [10, 11, 12]])
v = np.array([1, 0, 1])
y = np.empty_like(x)

for i in range(4):
y[i, :] = x[I, :] + v

print(y)
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Broadcasting
• Broadcasting allows numpy to work with arrays of different shapes 

during arithmetic operations

import numpy as np

x = np.array([[1, 2, 3], [4, 5, 6], [7, 8, 9], [10, 11, 12]])
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Broadcasting
• Broadcasting allows us to perform a computation without actually 

creating multiple copies of arrays

import numpy as np

x = np.array([[1, 2, 3], [4, 5, 6], [7, 8, 9], [10, 11, 12]])
v = np.array([1, 0, 1])

vv = np.tile(v, (4, 1))
print(vv)

y = x + vv
print(y)

z = x + v
print(z) 
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Broadcasting
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Broadcasting
• Here are some applications of broadcasting

import numpy as np

v = np.array([1, 2, 3])
w = np.array([4, 5])

print(np.reshape(v, (3, 1)) * w)

x = np.array([[1, 2, 3], [4, 5, 6]])
print(x + v)

print((x.T + w).T)
print(x + np.reshape(w, (2, 1)))

print(x * 2)
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print(x + np.reshape(w, (2, 1)))

print(x * 2)
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Matplotlib Plotting
• Matplotlib is a plotting library, which provides a plotting system

import numpy as np
import matplotlib.pyplot as plt

x = np.arange(0, 3 * np.pi, 0.1)
y = np.sin(x)
y_sin = np.sin(x)
y_cos = np.cos(x)

plt.plot(x, y)
plt.show()

plt.plot(x, y_sin)
plt.plot(x, y_cos)
plt.xlabel('x axis label')
plt.ylabel('y axis label')
plt.title('Sine and Cosine')
plt.legend(['Sine', 'Cosine'])
plt.show()



55

Matplotlib Images
• You can use imshow function in Matplotlib to show images

import numpy as np
from scipy.misc import imread, imresize
import matplotlib.pyplot as plt

img = imread(‘assets/cat.jpg’)
img_tinted = img * [1, 0.95, 0.9]

plt.subplot(1, 2, 1)
plt.imshow(img)

plt.subplot(1, 2, 2)

plt.imshow(img.uint8(img_ tinted))
plt.show()



Thank you for your attention!

“Question everything generally thought to be obvious”
-Dieter Rams, 1932-


