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1. Tuples



Python collection types

* Four classes in Python that provide container

» that is data types for holding collections of other objects

* Tuples

Lists

Sets

Dictionary



What is a tuple?

* An ordered collections of heterogeneous data, immutable and allows duplicates

» ordered
» part of sequence data types holding order of the data
* maintaining the index for each item

* immutable
* cannot add or delete data to the tuple after creation

* heterogeneous: allow to store variable of all types
« a sequence of data of different data types (integer, float, list, string, etc.)
« can be accessed through indexing and slicing

» duplicates

 can have items with the same values



Creating tuples

« Defined using parentheses (i.e. round brackets ‘()’) around the elements that make up the tuple
tupl = (1, 3, 5, 7)
* a new Juple referenced by tupl

« contains exactly 4 elements (in this case integers) 1 3 5 7

* zero-based index

print('tupl[@]:\t', tupl[@])
print('tupl[1]:\t"', tupl[1l])
print('tupl[2]:\t"', tupl[2])
print('tupl[3]:\t"', tupl[3])

tupl[o]: 1
tupl[1]: 3
tupl[2]: 5
tupl[3]: 7




Creating tuples

» Various tuple declaration and initialization

tupl = (1, 3, 5, 7) # General initialization

empty tuple () # An empty tuple

mixed_tuple

(1, "Hello", 3.14) # A tuple with mixed data types

single_element_tuple = (5,) # A single element tuple (note the comma)



Accessing elements of a tuple

« Can be accessed using an index in square brackets ‘[ |’

» the index returns the object at that position

» Slice from tuple; comprised of a subset of the original tuple
* syntax

my_tuple[start:stop:step]

- “start’: the index where the slice start (inclusive); default to the beginning of tuple if omitted
- “stop: the index where the slice end (exclusive); default to the end of tuple if omitted
« “stop’: the step size or the interval between each element in the slice; default to 1

* basic slicing

tupl = (1, 3, 5, 7, 9, 11)
print(tupl[1:3])

(3, 5)




Accessing elements of a tuple

* Slice from tuple

* omitting start and stop

tupl = (1, 3, 5, 7, 9, 11)
print(tupl[:3])
print(tupl[1:])

(1) 3) 5)
(3, 5, 7, 9, 11)

* using negative indices

tupl = (1, 3, 5, 7, 9, 11)
print(tupl[-4:-1])
print(tupl[-3::-1])
print(tupl[:-3:-1])

(5, 7, 9)
(7, 5, 3, 1)
(11, 9)




Accessing elements of a tuple

* Slice from tuple

» specifying steps

tupl = (1, 3, 5, 7, 9, 11)
print(tupl[0:5:2])
print(tupl[6:2:-2])

(1, 5, 9)
(11, 7)

* Reverse trick using ::-1

tupl = (1, 3, 5, 7, 9, 11)
print(tupl[::-1])

(11, 9, 7, 5, 3, 1)
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Characteristics

 [mmutable

tupl = (1, 3, 5, 7, 9, 11)
tupl[1l] = 9

Traceback (most recent call last):
File "C:\Users\#2 LIO|MZ 22U \src\hello world.py", line 2, in <module>
tupl[1l] = 9

ANN

NN

TypeError: 'tuple' object does not support item assignment

* Holding different types

* not restricted to holding elements all of the same type

tup2 = (1, 'John', Person('Phoebe', 21), True, -23.45)
print(tup2)

(1, 'John', <__main__.Person object at 0x000002425434FD90>, True, -23.45)
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The tuple() constructor function

* To create a new tuple from an iterable

« * iterable: an object capable of returning its members one at a time

» allows it to be used in a loop

* e.g. set, list, dictionary, also tuple

listl = [1, 2, 3]
tl = tuple(listl)
print(tl)

(1) 2) 3)
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Iterating over tuples

» Can iterate over the contents of a tuple

» used for the value to which the loop variable will be applied:

tup3 = ('apple', 'pear', 'orange', 'plum', ‘apple')
for x in tup3:
print(x)

apple
pear
orange
plum
apple

» exactly same result as follows:

for i in range(©, len(tup3)):
print(tup3[i])
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Tuple-related functions and methods

* There are several built-in functions and methods as simple but versatile data structure
» function: tuple is used as parameter of function
 len(Tuple), max(Tuple), min(Tuple), sum(Tuple), sorted(Tuple), Tuple(iterable), etc,
 methods: tuple can call the pre-defined method

 Tuple.count(value), Tuple.index(value), etc,
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Tuple-related functions and methods

* Built-in tuple functions

 “len(Tuple) : returns the number of elements in the tuple

my_ tuple = (1, 2, 3)
print(len(my_tuple)) # Output: 3

« "max(Tuple)” and "min(Tuple) : returns the largest or smallest element in the tuple

my tuple = (1, 3, 5, 1, 2, 9)
print(max(my_tuple)) # Output: 9
print(min(my_tuple)) # Output: 1

 “sum(Tuple) : returns the sum of the elements in the tuples; elements must be numbers

my tuple = (1, 3, 5, 1, 2, 9)
print(sum(my_tuple)) # Output: 21
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Tuple-related functions and methods

* Built-in tuple functions

 “sorted(Tuple) : returns a new list containing all elements of the tuple in ascending order

my tuple = (1, 3, 5, 1, 2, 9)
print(sorted(my_tuple)) # Output: [1, 1, 2, 3, 5, 9]

« all elements should be the same type (numbers or string)
my tuple = ('a', 1, 'b', 'c")
print(sorted(my_tuple)) # Output: TypeError

my tuple = (1, 2, 3, 4.5, -4.7, -3, 0)
print(sorted(my_tuple)) # Output: [-4.7, -3, 0, 1, 2, 3, 4.5]

my tuple = ('hi', 'my', 'is', 'an', ‘'apple')
print(sorted(my_tuple)) # Output: ['an', 'apple', 'hi', 'is', 'my"]
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Tuple-related functions and methods

* Tuple methods

« "Tuple.count(value) : returns the number of occurrences of the specified value

my_ tuple = (1, 2, 2, 3)
print(my_tuple.count(2)) # Output: 2

my tuple = ('hi', 'my', 'is', 'an', ‘'apple')
print(my_tuple.count('a')) # Output: ©
 "Tuple.index(value) : returns the index of the first occurrence of the specified value

* raise a value error if the value is not present

my tuple = (1, 2, 3)
print(my_tuple.index(2)) # Output: 1

* Tuples, being immutable, do not have methods for adding or removing elements

* e.g. append, extend, insert, remove, or pop
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Tips

* Checking if an element exists in the tuple

» use if statement with in operator

tup3 = ('apple', 'banana‘', 'orange')
if 'orange' in tup3:
print('orange is in the Tuple')

* Nested tuples

» tuple can contain tuples as elements

tuplel = (1, 3, 5, 7)

tuple2 = ('John', 'Denise', 'Phoebe', 'Adam')
tuple3 = (42, tuplel, tuple2, 5.5)
print(tuple3)

John

0

Denise

1

Phoebe
2

Adam
3

(42, (1, 3, 5, 7), ('John', 'Denise', 'Phoebe', 'Adam'), 5.5)
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Quiz

* What is the output of the following code?

tupl = (1, "Hello", 3.14)
print(tupl[3])
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Quiz

* What is the output of the following code?

tup = (10, 25, 4, 12, 3, 8)
sorted(tup)
print(tup)

 a) (10, 25, 4, 12, 3, §)
« b) (3, 4, 8,10, 12, 25)
« ¢) (25, 12, 10, 8, 4, 3)

« d) (3, 4, 8, 10, 12, 25)
(3, 4, 8, 10, 12, 25)
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Quiz

* What is the output of the following code?

my tuple = (5, 12, 19, 3, 25)
tup = my_tuple[-2::-2]
print(tup)

« a) (3, 12)
* b) (25, 5)
* ¢) (12, 3)
e d) Error
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2. Lists



What is lists?

 Mutable, ordered collection of data

» these items can be of any data types, and a single list can contain items of different types, including

other lists
* mutable
 list can be altered; items can be added, removed, or changed unlike the tuple
» ordered
» order of elements in a list is maintained, meaning items have a defined order
* dynamic size
* can grow and shrink in size as needed
* heterogeneous elements

e can contain elements of different types, including mixed types in the same list



Creating lists

* General syntax

my list = [iteml, item2, item3, ...]

» created using square brackets positioned around the elements that make up list

e List creation

listl = ['John', 'Paul', 'George', 'Ringo'] John I Paul [GEUWW} {_Rhgo_]

0 1 2 3

» zero-based indexing



Creating lists

* Nested lists

11 = [1, 43.5, Person('Phoebe', 21), True]

12 = ['apple’,

‘orange', 31]

root list = ['John', 11, 12,

print(root_list

)

'Denise’ ]

1

0

43.5

1

John Denise

0 1 2 3

Person True apple orange

2 3 0 1

31

['John', [1, 43.5, <__main__.Person object at Ox000002BOAC1FF250>, True], ['apple’,

‘orange', 31], 'Denise']

t1 = (1, 'John', 34.5)

11 = ['Smith',
12 = [t1, 11]

"Jones’ ]

t2 = (12, 'apple’)

print(t2)

([(2, "John', 34.5), ['Smith’

, 'Jones']],

"apple’)

John

apple

345 Smith Jones

2 0 1
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Creating lists

» List comprehension
* syntax
[expression for item in iterable if condition]
« ‘expression’: an expression to evaluate and add to the list
« ‘iterator’: the ‘for’ statement for iterating over each element in the iterable

 ‘condition’: the ‘if’ statement is a filter that will include the item in the output list if the condition

evaluates to ‘True’
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Creating lists

» Example of the list comprehension

* generating a list of squares of numbers from 0 to 9:

squares = [x**2 for x in range(10)]
print(squares)

[0, 1, 4, 9, 16, 25, 36, 49, 64, 81]

* generating a list of squares of even numbers from 0 to 9:

even_squares = [x xx 2 for x in range(10) if x % 2 == 0]
print(even_squares)

[0, 4, 16, 36, 64]
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Creating lists

» Example of the list comprehension

 filtering a list to exclude negative numbers:

numbers = [1, -2, 3, -4, 5]
non_negative_numbers = [x for x in numbers if x >= 0]
print(non_negative_numbers )

[1, 3, 5]

» creating a list of uppercase characters from a string:

s = "hello"
uppercase_chars = [char.upper() for char in s]
print(uppercase_chars)

[IHI, IEI, ILI, ILI, Iol]




Creating lists

» Example of the list comprehension

* using nested list comprehensions

matrix = [[1, 2, 3], [4, 5, 6], [7, 8, 91l
flattened = [num for row in matrix for num in row]
print(flattened)

(1, 2, 3, 4, 5, 6, 7, 8, 9]
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Accessing elements from a list

« Can access elements from a list using an index

my_list = ['John', 'Paul', 'George', 'Ringo']
print(my_list[1]) # Output: Paul

* Slicing
* basic slicing

my list = ['John', 'Paul’', 'George', 'Ringo', o, 1, 2, 3, 4, 5, 6, 7, 8, 9]
print(my_list[1:5]) # Output: ['Paul’', 'George', 'Ringo’', 0]

* slicing with negative indices
print(my_list[-4:]) # Output: [6, 7, 8, 9]
* slicing with step

print(my_list[::2]) # Output: ['John', 'George', 0, 2, 4, 6, 8]
print(my_list[1:8:3]) # Output: ['Paul', 0, 3]
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List-related functions and methods

* There are several built-in functions and methods as simple but versatile data structure
» function: set is used as parameter of function
 len(List), max(List), min(List), sum(List), List(iterable), etc.
 methods: set can call the pre-defined method

 List.append(element), List.extend(element), List.insert(index, element),
List.remove(element), List.pop(element), List.clear(), List.index(value),

List.count(element), List.sort(element), List.reserve(), List.copy(), etc.



List-related functions and methods

e Built-in list functions

e “len(List) : returns the number of elements in the list

my list = [1, 2, 3]
print(len(my_list)) # Output: 3

« "max(List)” and “min(List) : returns the largest or smallest element in the list

my list = [1, 3, 5, 1, 2, 9]
print(max(my_list)) # Output: 9
print(min(my_list)) # Output: 1

« “sum(List) : returns the sum of the elements in the lists; elements must be numbers

my list = [1, 3, 5, 1, 2, 9]
print(sum(my_list)) # Output: 21
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List-related functions and methods

* Adding elements
« "List.append(element) : add an element to the end of the list

fruits = ["apple"”, "banana"]
fruits.append("cherry")
print(fruits) # Output: ["apple", "banana", "cherry"]

fruits = ["apple"”, "banana"]
fruits.append(["cherry", "orange"])
print(fruits) # Output: ['apple', 'banana', ['cherry', 'orange']]
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List-related functions and methods

* Adding elements

« “List.extend(element) : adds all elements of an iterable (e.g. another list) to the end

numbers = [1, 2, 3]
numbers.extend([4])
print(numbers) # Output: [1, 2, 3, 4]

numbers = [1, 2, 3]
numbers.extend([4, 5, 6])
print(numbers) # Output: [1, 2, 3, 4, 5, 6]
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List-related functions and methods

* Adding elements

« "List.insert(index, element) : insert an element at a specified index

numbers = [1, 3, 4]
numbers.insert(1, 2)
print(numbers) # Output: [1, 2, 3, 4]

numbers = [1, 3, 4]
numbers.insert(1, [5, 6, 7, "orange"])
print(numbers) # Output: [1, [5, 6, 7, 'orange'], 3, 4]



List-related functions and methods

* Removing elements

« "List.remove(element) : removes the first occurrence of an element

animals = ["dog", "cat", "rabbit", "cat"]
animals.remove("cat")
print(animals) # Output: ["dog", "rabbit", "cat"]
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List-related functions and methods

* Removing elements
« “List.pop(index) : removes and return an element at index

» the last item if index is not provided

letters = ['a', 'b', 'c', 'd']

popped = letters.pop(2)

print(letters) # Output: ['a', 'b', 'd']
print(popped) # Output: 'c’

letters.pop()
print(letters) # Output: ['a', 'b"]
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List-related functions and methods

* Removing elements

« "List.clear() : removes all elements from the list

items = [1, 2, 3]
items.clear()
print(items) # Output: []
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List-related functions and methods

* Other operations elements

« "List.index(element) : returns the index of the first occurrence of an element

numbers = [10, 20, 30, 40, 30]
index = numbers.index(39)
print(index) # Output: 2
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List-related functions and methods

* Other operations elements

 "List.count(element) : counts the number of occurrences of an element in the list

letters = ['a', 'b"', "a', 'c', 'a']
count = letters.count('a’)
print(count) # Output: 3
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List-related functions and methods

* Other operations elements
 "List.sort() : sort the list in place

« "List.reverse() : reverses the list in place

numbers = [3, 1, 4, 1, 5]
numbers.sort()
print(numbers) # Output: [1, 1, 3, 4, 5]

numbers = [1, 2, 3, 4, 5]
numbers.reverse()
print(numbers) # Output: [5, 4, 3, 2, 1]
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List-related functions and methods

* Other operations elements
e “List.copy() : returns copy of the list
» types of copy

 shallow copy: creates a new list containing references to the original list’s items

copy = original

original.append(1)

print(copy) # Output: [1, 2, 3, 1]
print(original) # Output: [1, 2, 3, 1]

» deep copy: creates a completely independent copy of the original list

original = [1, 2, 3]

copy = original.copy()
copy.append(1)

print(copy) # Output: [1, 2, 3, 1]
print(original) # Output: [1, 2, 3]
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List operations

 Concatenation

listl = [1, 2, 3]
list2 = [4, 5, 6]
concatenated_list =

listl + list2

print(concatenated_list) # Output:

* Repeating

1ist1 = [llall, llbll, "C"]
repeated_list = listl * 3

print(repeated_list)

 Membership testing

# Output: ['a’,

my list = [1, 2, 3, 4, 5]

print(3 in my_list)
print(6 in my_list)

# Output: True
# Output: False

combines two or more lists into one

[1, 2, 3, 4, 5, 6]
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List operations

* [terating

* iterates over each item in the list in loop operation

my list = ['apple', 'banana', 'cherry']
for fruit in my_list:
print("I like", fruit)

I like apple
I like banana
I like cherry
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Quiz

* What is the output of the following code?

s = '76543"
print(list(s))

- a)['7,'6", "5, 4", '3']
« b) ['765437]
e ¢) Error

- d) [7]
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Quiz

* What is the output of the following code?

1stl = [1, 2, 4, 3]
1st2 = [1, 2, 3, 4]
print(lstl != 1st2)

a) False

b) True

c) Error

d) [True, True, False, False]
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Quiz

* What is the output of the following code?

i=j=[3]
i+=j
print(i, j)

- a) [3]

* b) Error

« ¢) [3, 3], [3, 3]
« d) [3, 3, 3, 3]
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Quiz

* What is the output of the following code?

1st = [0, 1]
[Ist.append(lst[k - 1] + 1lst[k - 2]) for k in range(2, 5)]
print(1lst)

 a) Error

« b) [1, 2, 3, 4, 5]
«¢)[0,1,1,2 3]
« d) [1, 2, 3, 4, 5]
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Quiz

* What is the output of the following code?

numbers = [12, 5, 8, 13, 4]
print(numbers[::2])

« a) [12, 8, 4]

* b) [5, 13]

« ¢) [12, 8]

- d) [4, 13, 8, 5, 12]
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Quiz

* What is the output of the following code?

msg = 'programming’
s = list(msg[:4])[::-1]
print(s)

a) ['p’, r, 0, ‘gl

b) ‘prog’

c) [p’, r, 0, 'g, r]

d) ‘rgorp’
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Quiz

* What is the output of the following code?

k =[2, 1, 0, 3, 0, 2, 1, 0]
print(k.count(k.index(9)))

« a)3
« b) 2
e ¢)1
« do0
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2-dimensional list

» 2-dimensional list
* list of lists; each element in the main list is another list representing a row of the 2D list

matrix = [[1: 2, 3]) [4J 5, 6]: [7) 8, 9]]

* accessing an entire row: “matrix[row]"

* accessing a specific element: "matrix[row][col]"

second_row = matrix[1] # Output: [4, 5, 6]
element = matrix[1][2] # Output: 6
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2-dimensional list

* |terating over 2-d list

matrix = [[1: 2, 3]) [4J 5, 6]: [73 8, 9]]

## Iterate over rows
for row in matrix:
print(row)

# Iterate over each element
for row in matrix:
for element in row:
print(element)

[1, 2, 3]
[4, 5, 6]
[7, 8, 9]
1

OoNOTUVTh, WN




N-dimensional list

« N-dimensional list is a list of lists of lists--- (N levels)
e 3-d list could be a list of matrices, and 4-d list could be a list of 3-d list, and so on

 VERY common use in data science, machine learning, and scientific computing; a.k.a tensor strucuture

three_d list = |
[[1, 21, [3, 411,

[[5, 61, [7, 811,
[[9, 10], [11, 12]]
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N-dimensional list

« Accessing n-dimensional list is a list of lists of lists:- (N levels)
» access 2-d list: "three_d_ list[index]"”
e access row: three d list[index][row]"
» access a specific elementt: “three d list[index][row][col]"

# Access the first 2D list
first matrix = three_d list[©] # Output: [[1, 2], [3, 4]]

# Access the first row of the first 2D 1list
first_row = three_d_list[0][@] # Output: [1, 2]

# Access the first element of the first row of the first 2D 1list
element = three_d 1list[0][0][@] # Output: 1



Various form of the nested lists

 List of lists of varying lengths

« demonstrates that inner lists can have different sizes in Python

varying_lengths = [[1], [2, 31, [4, 5, 6]]
« 3D list (list of lists of lists)

* represents a 3-dimensional data structure

three_d_1list = [[[1, 21, [3, 411, [[5, 6], [7, 8111

 Nested lists as a table of information

« can be used to store tabular data (e.g., spreadsheet)

table = [["Name", "Age", "City"l, ["Alice", 30, "New York"],
complex_structure = [
["Header", [1, 2, 311,

["Data", [[True, False, Truel, [False, True, Truelll,
["Footer", ["End"]]

]

["Bob", 25, "Los Angeles"]]
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Various form of the nested lists

* Nested list comprehension

* creating matrix

matrix = [[row + col for col in range(4)] for row in range(3)]
print(matrix)

[[e, 1, 2, 3], [1, 2, 3, 4], [2, 3, 4, 5]]

» flattening a nested list

nested_list = [[1, 2, 31, [4, 51, [6, 71]
flat_list = [item for sublist in nested_list for item in sublist]
print(flat_list)

[1, 2, 3, 4, 5, 6, 7]

* generating a multiplication table

multiplication_table = [[i * j for j in range(1, 6)] for i in range(1, 6)]
print(multiplication_table)

(rx, 2, 3, 4, 51, [2, 4, 6, 8, 10], [3, 6, 9, 12, 15], [4, 8, 12, 16, 20], [5, 10, 15, 20, 25]]




Various form of the nested lists

* Nested list comprehension

» creating a 3D list

three_d_list = [[[i + j + k for k in range(3)] for j in range(3)] for i in range(3)]
print(three_d_1list)

[[[e, 1, 2],

[1I 2' 3]l

[2, 3, 411,

(1, 2, 31,

[2, 3, 41,

[3, 4, 511,

[[2, 3, 4],

[3, 4, 5],

[4, 5, 6]]]
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Quiz

* What is the output of the following code?

matrix = [[1, 2, 3], [4, 5, 6], [7, 8, 9]l
print(matrix[1][2])

« a5
« b)6
e )7
e d) Error
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Quiz

* What is the output of the following code?

1st = ["programming", [4, 8, 12, 16]]
print(1lst[1][3])

- a)4
* b) 8
e ¢) o

e d) Error
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Quiz

* What is the output of the following code?

matrix = [[1, 2, 3],
print(matrix[0][:])

- a) [1,2 3]
- b)123

* ¢ [1]

- d) [1,4,7]

* how about this

print(matrix[:]1[01)

[4, 5, 6],

[7, 8, 9]]
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Quiz

* What is the output of the following code?

matrix = [[1, 2, 3], [4, 5, 6], [7, 8, 9]l
print(matrix[1:])

« a) [[4, 5, 6], [7, 8, 9]]
 b) [4, 5, 6], [7, 8, 9]
- ¢) [1, 2 3]

« d) [4, 5, 6]
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Quiz

* What is the output of the following code?

matrix = [[1, 2, 3], [4, 5, 6], [7, 8, 9]l
print(matrix[1:1[1:2])

- a) [7,8,9]

- b) 7,89

* ¢ [[7. 8 9]]

- d) [[4, 5, 6], [7, 8, 9]
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Quiz

* What is the output of the following code?

1st = [[8, 7], [6, 5]]
result = [p +q for p, q in 1st]
print(result)

* a) [8, 5]
« b) [14, 12]
e ¢) [15, 11]
« d) [7, 6]
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Quiz

* What is the output of the following code?

def f1(a, b=[]):
b.append(a)
return b

print(f1(2, [3, 4]))

a) [2, 3, 4]

b) [3, 4, 2]

c) [3, 2, 4]

d) [4, 3, 2]
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In class practice
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* input: two NxN matrix

« output: result of matrix multiplication

* requirement: check the sizes of two matrix if multiplication is possible

f matrix_multiplication(matrixA, matrixB):
"' CODE HERE "'’

return result
__hame__ == ' main

matrixA = [[1, 2, 31, [3, 4, 5], [5, 6, 7]]
matrixB [[5, 6, 7], [7, 8, 9], [9, 10, 11]]

result = matrix _multiplication(matrixA, matrixB)

print("\nResult of matrix multiplication:")
for row in result:

print(row)

Result of matrix multiplication:

[46, 52, 58]
[88, 100, 112]
[130, 148, 166]

66



Note

. UL ALALEHE] Yaiuls|

matrixA = []

print("3x3 HE2| 4 A= YHOME (&4 A= SHLZE &):")
for i in range(3):
row = list(map(int, input().split()))
matrixA.append(row)
print("YHE2 HH.")
for row in matrixA:
print(row)

input_str = input("ZA| 3x3 dH=S YESIMR (dE2 ';'=E T

HI

rows = input_str.split(';’)

matrixA = [list(map(int, row.split())) for row in rows]
print("YHE2 HH:")
for row in matrixA:
print(row)
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3. Sets



What is a set?

* an unordered collection of uniqgue and immutable items
» the presence of each element is more important than the order or frequency of elements
* unordered
» the elements in a set do not maintain any order
* mutable
» set themselves are mutable; can add or remove items from a set
* unigue elements
» each element in a set is distinct; duplicates are not allowed
* immutable elements
» elements of a set must be of an immutable type; numbers, strings, tuples, booleans, None type
* Not indexable

» do not support indexing or slicing



Creating sets

* General syntax

my set = {elementl, element2, element3, ...}
» using the set() for creating an empty set or converting from other iterables

my set = set([elementl, element2, element3, ...])

e Set creation

my set = {1, 2, 3}

print(my_set) # Output: {1, 2, 3}

my set = {1, 2, 3, 4, 5, 5, 5}
print(my_set) # Output: {1, 2, 3, 4, 5}

* Note: elements within a set must be of an immutable data type

* integers, floats, strings, tuples, booleans, and None type
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Iterating over sets

 Can iterate over the contents of a set

» used for the value to which the loop variable will be applied:

my set = {1, 2, 3, 4, 5, 'a'}
for x in my_set:
print(x)

apple
pear
orange
plum
apple
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Set-related functions and methods

* There are several built-in functions and methods as simple but versatile data structure
» function: set is used as parameter of function
 len(Set), max(Set), min(Set), sum(Set), sorted(Set), Set(iterable), etc,
 methods: set can call the pre-defined method

« Set.add(element), Set.remove(element), Set.discard(element) , Set.pop() ,
Set.intersection(setl, set2, ..), Set.union(setl, set2, ..),

Set.symmetric_difference(set), etc.
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Set-related functions and methods

* Adding elements

« "Set.add(element) : adds an element to the set

my set = {1, 2, 3}
my set.add(4)
print(my_set) # Output: {1, 2, 3, 4}

« “Set.update(iterable) : adds an elements from an iterable (e.g. list, tuple) to the set

my set = {1, 2, 3}

print(my_set) # Output: {1, 2, 3}

my list = ['a', 'b', 'c']

my set.update(my list) # Output: {1, 2, 3, 4, 'a', 'b', 'c'}
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Set-related functions and methods

* Removing elements
« “Set.remove(element) : removes an element from the set

* raises KeyError if the element is note present
my set = {1, 2, 3}

my set.remove(2)
print(my_set) # Output {1, 3}
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Set-related functions and methods

* Removing elements
« "Set.discard(element) : removes an element from the set if it is a member

 if the element is not a member, do nothing

my set = {1, 2, 3, 4}
my set.discard(2)
my set.discard(99) # This will not raise an error

print(my_set) # Output: {1, 3, 4}
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Set-related functions and methods

* Removing elements

« “Set.pop() : removes and returns and arbitrary set element

* raises KeyError if the set is empty

my set = {2, 1, 3, 4, 'a'}
print(my_set) # Output: {1, 2, 3, 4}
my set.pop()

print(my_set) # Output: {2, 3, 4, 'a'}

« "Set.clear() : removes all elements from the set
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Set-related functions and methods

» Set operations

« "Set.union(setl, set2, ..) :returns a new set with elements from the set and all others

set a = {1, 2, 3}

set b = {4, 5, 6}

set _union = set_a.union(set_b)
print(set_union) # Output: {1, 2, 3, 4, 5, 6}
print(set_a) # Output: {1, 2, 3}

set_a {1, 2, 3}

set b = {4, 5, 6}

set ¢ = {-1, 0, 3, 5}

set _union = set_a.union(set b, set c)
print(set_union) # Output: {0, 1, 2, 3, 4, 5, 6, -1}
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Set-related functions and methods

» Set operations

« "Set.intersection(setl, set2, ..) :returns a new set with elements common to the set and all

others
set a = {1, 2, 3}
set b = {2, 3, 5}

set_inter = set _a.intersection(set_b)
print(set_inter) # Output: {2, 3}
print(set_a) # Output: {1, 2, 3}
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Set-related functions and methods

» Set operations

« "Set.difference(setl, set2, ..) :returns a new set with elements in the set that are not in the

others

set a = {1, 2, 3}

set b = {2, 3, 5}

set diff = set a.difference(set_b)
print(set_diff) # Output: {1}
print(set_a) # Output: {1, 2, 3}
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Set-related functions and methods

» Set operations

« "Set.symmetric_difference(setl) : returns a new set with elements in either the set or the other
but not both

set a = {1, 2, 3}

set b = {2, 3, 5}

set _sym diff = set _a.symmetric difference(set_b)
print(set_sym diff) # Output: {1, 5}
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Tips

« Set membership testing

print(3 in set_a) # Output: True
print(7 in set_a) # Output: False
« Set comprehensions

squared _set = {x**2 for x in range(10)}
print(squared_set) # Output: {0, 1, 4, 9, 16, 25, 36, 49, 64, 81}
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Quiz

* What is the output of the following code?

1st = [2, 7, 8, 6, 5, 5, 4, 4, 8]
s = {True if n % 2 == 0 else False for n in 1lst}
print(s)

a) Error

b) {False, True}

c) {True, True}

d) {False}
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Quiz

* What is the output of the following code?

s ={1, 3, 7, 6, 5}
s.discard(4)
print(s)

« a){1,3,7 5}

« b) {1,356 7}

« ¢c){1,3,7,6,5, 4}
« d) {1, 3, 7, None, 5}
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Quiz

* What is the output of the following code?

s1 = {1, 2, 3}
s2 {2, 3, 4}
print(s2 - sl1)

* a) {2, 3}

- b) {4}

- c) {2, 3 4}
- d) {1}
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4. Dictionary



What is a dictionary?

» a collection of key-value pairs

» each key value pair maps the key to its associated vaule

key-value storage
 '{keyl: valuel, key2: value2, ...}’
* unordered, dynamic, nested
* mutable
» key-value pairs can be added removed, and changed
» keys must be immutable
* e.g. strings, numbers, tuples with immutable elements
» value can be of any type

* indexed by key
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Creating dictionaries

* General syntax

my dict = {'keyl': 'valuel', 'key2': 'value2'}

» using the dict() for creating an empty dictionary

* Dictionary creation
* general creation
my _dict = {'name': 'John', 'age': 30, 'city': 'New York'}
e using zip()  function for key and value lists

keys = ['name', 'age', 'city']
values = ['John', 30, 'New York']
my dict = dict(zip(keys, values))
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Accessing values

 Use 'key™ as index to obtain “value”

my dict = {'name': 'John', 'age': 30, 'city': 'New York'}
print(my_dict['name']) # Output: John

* Adding or changing values
my dict = {'name': 'John', 'age': 30, 'city': 'New York'}
my dict['age'] = 31
my dict[ 'height'] = 185.3
print(my_dict)

{'name': 'John', 'age': 31, 'city': 'New York', 'height': 185.3}

 "Dictionary.clear() : removes all items from the dictionary

my _dict = {'name': 'John', 'age': 30, 'city': 'New York'}
my dict.clear()

print(my_dict)

{}




Key methods

 "Dictionary.get(key,

« "Dictionary.keys() :

 "Dictionary.values() :

« "Dictionary.items() :

default=None) : returns the value for ‘key" if “key™ is in the dictionary,

else “default”
returns a view object displaying a list of all the keys
returns a view object displaying a list of all the values

returns a view object displaying a list of the dictionary’s key-value tuple pairs

my _dict = {'name': 'John', 'age': 30, 'city': 'New York'}

print(my_dict.get('name

")) # Output: 'John’

print(my_dict.get('location', 'Not Available')) # Output: 'Not Available'

# Getting all keys, values, and items

print(list(my dict.keys())) # Output: ['name', 'age', 'city']

print(list(my _dict.values())) # Output: ['John', 30, 'New York']

print(list(my _dict.items())) # Output: [('name', 'John'), ('age', 30), ('city', 'New York')]
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Key methods

» Useful in the loop statement

» Usage of "keys()"

grades = {
"Alice': 85,
'Bob': 93,
"Charlie': 87,
'Diana': 78

}

for student in grades.keys():
print(f"{student} scored {grades[student]}")

Alice scored 85
Bob scored 93
Charlie scored 87
Diana scored 78
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Key methods

 "Dictionary.update(others) :

overwriting existing keys

student = {
"name "’ :
‘age': 21,
"major':

}

"Alex’,

"Computer Science’

student.update({ 'graduation year': 2024})

updates the dictionary with the key-value pairs from “other”

student.update({'age': 22, 'grade': 'A'})

print(student)

{'name': 'Alex', 'age': 21, 'major': 'Computer Science'}

{"'name': 'Alex', 'age': 22, 'major': 'Computer Science', 'graduation year': 2024, 'grade': 'A'}
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Key methods

« "Dictionary.pop(key) : remove the specific key and returns the corresponding value

if key is not found, “default” is returned if given, otherwise KeyError is raised

« “Dictionary.popitem() : remove and returns a (key, value) pair as 2-tuple; returned in LIFO order

o LIFO: Last-In-First-Out

employee = {
'name': 'John Doe',
"position’: 'Software Engineer’,
"email’': 'john.doe@example.com’
}

removed item = employee.popitem()

print(removed_item) # Output: ('email', 'john.doe@example.com")
print(employee) # Output: {'name': 'John Doe', 'position': 'Software Engineer'}

position = employee.pop('position")
print(position) # Output: 31
print(employee) # Output: {'name': 'John', ‘'email’': 'john@example.com'}
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Tips

List of dictionaries

students = [
{'name': 'Alice', 'grade': 'A', 'major': 'Engineering'},
{'name': 'Bob', 'grade': 'B', 'major': 'History'},
{'name': 'Charlie', 'grade': 'C', 'major': 'Biology'}

]

for student in students:
print(f"{student[ 'name']} is a {student['major']} major and grade is {student['grade']}.")

Alice is a Engineering major and grade is A.
Bob is a History major and grade is B.
Charlie is a Biology major and grade is C.
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Tips

* Dictionary of lists

courses = {
"Engineering': ['Alice', 'Dan', 'Eve'],
'"History': ['Bob', 'Frank'],
'Biology': ['Charlie', 'Grace']

}

for course, students in courses.items():
print(f"The following students are enrolled in {course}: {', '.join(students)}")

The following students are enrolled in Engineering: Alice, Dan, Eve
The following students are enrolled in History: Bob, Frank
The following students are enrolled in Biology: Charlie, Grace
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Tips

 List within a dictionary within a list

conference = [

{
'name’': 'TechCon',
"topics': ['AI', 'Big Data', 'Cloud Computing'],
"attendees’': 1200

}s

{
"name’': 'HealthSymposium',
'topics': ['Biotech', 'Genetics', 'Bioinformatics'],
'attendees’': 800

}

]

for event in conference:
print(f"{event['name']} covers topics such as {', '.join(event['topics'])} with
{event[ 'attendees’']} attendees.")

TechCon covers topics such as AI, Big Data, Cloud Computing with 1200 attendees.
HealthSymposium covers topics such as Biotech, Genetics, Bioinformatics with 800 attendees.
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Practical usage

» Storing data

 dictionaries are ideal for storing data that can be logically connected with a unique key

« JSON

» closely resemble the JSON format and can be directly converted to and from JSON

 Hash table

 internally, dictionaries are implemented as has tables
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Quiz

* What is the output of the following code?
my dict = {'a':1, 'b':2, 'c':3}
print(my dict['a'] + my dict['b'])

e a) 12
* b)3
e ¢) ‘ab’

e d) Error
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Quiz

* What is the output of the following code?

d = {1:1, 2:'2"', '2':3}
d['1'] = 2
print(d[d[d[str(d[1])]]])

a) 2

b) 3

c) 2

d) KeyError
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Quiz

* What is the output of the following code?

x = {0:4, 1:8, 2:16, 3:32}
print(x)
print(list(x.values())[2])

a) [4, 8]
b) [4, 8, 16]

c) 16

d) 8
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Quiz

* What is the output of the following code?

numbers = [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]

result = {
"even": [num for num in numbers if num % 2 == 0],
"odd": [num for num in numbers if num % 2 != 0]

}

print(result)
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Summary

LIST DICTIONARY SET

pop() get() add()

sort() pop() pop()

copy () copy () copy ()
append() clear() clear()
insert() items() union()
reverse() values() issubset()
remove() update() isuperset()
extend() setdefault() difference()
index() popitem() intersection()
count() keys isdisjoint()
clear() fromkeys () setdiscard()
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In class practice

* P05-02 Frequency count: Write a function to count the frequency of each element in a given list and

stores the results in a dictionary

* input: a list of integers

« output: a dictionary where key-value; (unique elements from the list)-(count of those elements)

def count_frequency(lst):
frequency = {}

' CODE HERE '''
return frequency
if name_ == " main__ ":
input_1list = [1, 2, 2, 3, 3, 3, 4]

result = count_frequency(input list)
print(result)

{1: 1, 2: 2, 3: 3, 4: 1}




5. Generator



What is a generator?

» Concept and definition

« Pythonol|A sequence

uru

MAMTL7| Qo] AHRE[= HEEIISSE (iterable) EFU2| object (iterable object)

o HEEE=! off ofct St Hoj| LA SRS “AHAL” (index &85 4 oS

« 2L}, for loopL} Z2 HF

JHI

=ollX HH5| Arg 7t5

« generator EFA! (list comprehension B3} SASER|TE [ ] chAl ()& AMLEH

gen = (x**2 for x in range(3))
print(gen) # Output: <generator object <genexpr> at 0x00000218DFOD6740>

« use “for” loop statement for generator (iterable)

gen = (x**2 for x in range(3))
for value in gen:
print(value, end=" ') # Output: 0 1 4
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Generator vs iterable

* [terable (object)
* can loop over with ~for™ loop

* lists, strings, tuples, dictionaries, sets, and more

my list = [1, 2, 3]
for num in my_list:
print(num)

N
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Generator vs iterable

* [terable (object) =» iterator

« ‘iter()’ function: to convert iterable object into iterator

* ‘next()’ function: can access each item without loop statement

my list = [1, 2, 3]

my iterator = iter(my list)
print(next(my_iterator))
print(next(my_iterator))
print(next(my_iterator))

1
2
3
iter() | next()
( —3 ( ; —
: iterator — ,

(the iterable) (the iterator) \4 3
X
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Generator vs iterable

* [terable (object) =» iterator
* can also use loop statement

* iterator generates values on the fly and can be iterated over only once

my list = [1, 2, 3]
my iterator = iter(my list)
print(next(my_iterator)) # Output: 1

for value in my_iterator:
print(value)

N
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Generator vs iterable

* Generator
» a special type of iterator

» generates values on the fly and can be iterated over only once

gen = (x for x in range(3))
for value in gen:
print(value)

for value in gen:
print(value)

=
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Accessing the value in generator

 Use "next™ keyword to access the value in generator without loop statement

gen = (x for x in range(3))
print(next(gen))
print(next(gen))
print(next(gen))
print(next(gen))

(%]
1
2
Traceback (most recent call last):
File "C:\Users\#2 LIO|MIZ =0 2fU\src\generator.py”, line 5, in <module>
print(next(gen))

NNNNNNNNN

Iterables

StopIteration

Iterators

Return next

(once iterator is exhausted)

Stoplteration
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Defining a generator function

» Generators are created using functions and “yield™ statement
» to return data to make generator in regular function

* can access over the generator using "next()  function

def my generator():
yield 1
yield 2
yield 3

gen = my_generator()
print(next(gen))
print(next(gen))
print(next(gen))

1
2
3




Defining a generator function

» Generators are created using functions and “yield™ statement
» accessing values in loop statement

* Note: generator is an iterator

def my generator():

yield 1
yield 2
yield 3
for num in my generator():
print(num)
1
2
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Defining a generator function

* Note: generator generates the value only once

def my generator():
yield 1
yield 2
yield None

gen = my_generator()
print(next(gen)) # Output: 1

for value in gen:
print(value)

None
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Defining a generator function

 |terated yield in generator

def generate_even numbers(limit):
for 1 in range(limit):
ifi% 2 == 0:
yield i

for number in generate_even _numbers(10):
print(number)

coOo NN
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Defining a generator function

 When do the yield statement execute?

return generator object

Start Start
generator starts execution
when next() function is called
yield until it encounters yield
when next() is called again the generator continues
l from where it left
yield until it encounters yield
Finish Finish

Functions Generators
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Defining a generator function

 When do the yield statement execute?

def gen_numbers():
print('Start’)
yield 1
print('Continue’)
yield 2
print('Final")
yield 3
print('End")

print(next(gen_numbers()))

Start
1
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Generator usage

 Example

* to generate integer numbers in dice between 1 and 6

import random

def broken_dice(n):
while True:
number = random.randint(1l, 6)
if number != n:
yield number
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Map

* Built-in function used to apply a given function to each item of an iterable and return a list of the results

* General syntax

map (function, iterable, ...)
)

FAl: £ #im QIRLE E012 iterable (HHE7H53t AL, list or tuple) @ X HM QxtE SofL 4o &

o E 2} HFAI:

=

H
L Flofgoli T4g 4

« ex) map(H&ArlZ &

o FOIAIGE: map T4 Higt f2 7|20 2 map HH[o|B 2, o| & AR

tupleZ GHIZE A|7{F0{o} Gt



Map

* Examples

def to _upper_ case(s):
return s.upper()

strings = ['hello', 'world', 'python', 'programming']
upper_strings = map(to_upper_case, strings)
print(list(upper_strings))

o 7t 2|AEQ| 7fS CHFEAI2 E{Z

| My T

* Recall — matrix input

print("3x3 WEL| 4 AS YHSMEL (4 <At= SHL=ZE f&7):")
for i in range(3):

row = list(map(int, input().split()))
matrixA.append(row)
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Map

* Examples
+ often used with lambda function, and
« might use list() to convert the map object into a list
numbers = [1, 2, 3, 4, 5]
squared = map(lambda x: x**2, numbers)

print(squared)
print(list(squared)) # Output: [1, 4, 9, 16, 25]
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Filter

* Definition
« filter() function: constructs a iterator from those element of iterable for which function returns true

* if the function is None, it simply returns the item of iterable that are true

* General syntax

filter(function, iterable)
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Filter

« Usage: (example) to find even numbers between 1 to 10
* regular function
target, result = [1, 2, 3, 4, 5, 6, 7, 8, 9, 10], []
def is_even(n):
return True if n % 2 == 0 else False
for value in target:
if is_even(value):

result.append(value)

print(result) # Output : [2, 4, 6, 8, 10]

o filter
target = [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]

def is_even(n):
return True if n % 2 == 0 else False

result = filter(is_even, target)
print(list(result)) # Output : [2, 4, 6, 8, 10]
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Filter

» Usage
e also used with lambda function

« might use list() to convert the filter object into a list

target = [1, 2, 3, 4, 5, 6, 7, 8, 9, 10]

result = filter(lambda x: x % 2 == 0, numbers)

print(result) # Output: <filter object at 0x00000218DFOC1B10>
print(list(result)) # Output : [2, 4, 6, 8, 10]
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Tips

« "all
» takes an iterable object; returns “True® if all elements are true, and “False™ if at least one element is

false

print(all([1, 2, 3])) # Output: True
print(all([e, 1, 2, 3])) # Output: False

e Tany’
» also takes an iterable objects; returns “True® if at least one element is true, and “False™ only if all
elements are false

print(any([False, 3])) # Output: True
print(any([False, @, []])) # Output: False
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Tips

~ ° ~

e " zip
« combines elements from input iterables into an iterator of tuples

» particularly useful when you need to loop over two or more iterable in parallel

a = zip([1,2,3], (4,5,6))

print(next(a)) # Output: (1, 4)
print(next(a)) # Output: (2, 5)
print(next(a)) # Output: (3, 6)

country [ 'Republic of Korea', 'United States', 'China']
capital ['Seoul', 'Washington', 'Beijing']
for coun, cap in zip(country, capital):

print(‘'Nation : {}, Captial : {}'.format(coun,cap))

Nation : Republic of Korea, Captial : Seoul
Nation : United States, Captial : Washington
Nation : China, Captial : Beijing

124



Tips

* “enumerate’
» adds a counter to an iterable and returns it as an enumerate object

» typically used in a loop to retrieve both the index and the value of each item in the iterable

t = [1, 5, 7, 33, 39, 52]
for p in enumerate(t):
print(p)

(6, 1)
(1, 5)
(2, 7)
(3, 33)
(4, 39)
(5, 52)
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Tips

* “enumerate’

» adds a counter to an iterable and returns it as an enumerate object

» typically used in a loop to retrieve both the index and the value of each item in the iterable

t =[1, 5, 7, 33, 39, 52]
for i, v in enumerate(t):
print("index : {}, value: {}".format(i,v))

index : @, value: 1
index : 1, value: 5
index : 2, value: 7
index : 3, value: 33
index : 4, value: 39
index : 5, value: 52
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Quiz

* What is the output of the following code?

l=1[1, 0, 2, 0, 'hello’, "*, []]
print(list(filter(bool, 1)))

a) [1, 2, 'hello’, “, []]

b) [1, 2, ‘hello’]

c) [1,0, 2,0, ‘hello’, “, []]

d) Error
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Quiz

* Using a generator

* can iterate over the generator using "next()" function

* Note: generator generates the value only once

def my generator():
yield 1
yield 2
yield None

gen = my_generator()
print(next(gen)) # Output: 1

for value in gen:
print(value)

None
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End of slide



