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1. List
· Review: go to Type.html (section 3.4).
· A Python list is a built-in data structure used to store an ordered collection (or container) of items (or elements).
· Important characters:
1. Ordered: [1,2] is not the same as [2,1]. It is known as a sequence data type.
2. Index based: an individual element can be accessed by an integer starting with 0.
3. Can contain duplicate elements: e.g., [1,2,2,3,2,2,3].
4. Elements may have different types: e.g., [1, 'hello', 1.89e40, [3+10, 'world']]
5. Mutable: a list object can be updated.
· More specifically, a list is an object whose state or value can be changed after their creation, without creating a new object in memory. 
· Lists will be covered in more details later.
2. List assignments and copying
· List assignment creates a new reference to an existing list object. 
la = [10, 'a', 15]
la
[10, 'a', 15]
id(la)
1874982497152
lb = la
lb
[10, 'a', 15]
id(lb)
1874982497152
la[0] = 99
la
[99, 'a', 15]
lb
[99, 'a', 15]

· It does not create a copy of the list for storage in a different memory location.
· Both variables will point to the same list in memory. 
· Changes made through one variable will be reflected when accessing the list through the other.
Example:
list_assign_1.py:
#
#   list assignment
print("""
list_a = [10, [20,30], 'a', ['k',9]]
list_b = list_a[:]
""")
list_a = [10, [20,30], 'a', ['k',9]]
list_b = list_a[:]  # list slice is a new copy of a list
# may also use list-b = list(list_a)
print(f"list_a: {list_a}")
print(f"list_b: {list_b}")
print(f"list_a[0]: {list_a[0]}")
print(f"list_a[1][1]: {list_a[1][1]}")
print(f"list_a[3][0]: {list_a[3][0]}")

print("""
list_a[0] = 22
list_a[1][1] = 77
""")
list_a[0] = 22
list_a[1][1] = 77

print(f"list_a: {list_a}")
print(f"list_b: {list_b}")
print(f"list_a[0]: {list_a[0]}")
print(f"list_a[1][1]: {list_a[1][1]}")
print(f"list_b[0]: {list_b[0]}")
print(f"list_b[1][1]: {list_b[1][1]}")

print("list_b[3][0] = 'hello'")
list_b[3][0] = 'hello'

print(f"list_a: {list_a}")
print(f"list_b: {list_b}")
print(f"list_b[3][0]: {list_b[3][0]}")
print(f"list_a[3][0]: {list_a[3][0]}")


2.1 Shallow copy
· A shallow copy of a list creates a new list but then populates it with references to any mutable objects found in the original. 
· The top-level list copy is a distinct new object.
· However, any nested mutable objects within it are still shared between the original and the shallow copy.
· To make a shallow copy of list_a, use one of the below.
1. list_a[:]
2. list(list_a)
3. list_a.copy()
Example:
list_shallow_copy_1.py
#
#   list shallow copy
#
list_a = [10, 20, 'a', 9]

print("""
list_b = list_a[:]
#   Will also work: list_b = list(list_a)
#   list_b = list_a.copy()
""")

list_b = list_a[:]

print(f"list_a: {list_a}")
print(f"list_b: {list_b}")
print(f"list_a[0]: {list_a[0]}")
print(f"list_a[3]: {list_a[3]}")

print("""
list_a[0] = 44
list_a[3] = 88
""")
list_a[0] = 44
list_a[3] = 88

print(f"list_a: {list_a}")
print(f"list_b: {list_b}")
print(f"list_a[0]: {list_a[0]}")
print(f"list_a[3]: {list_a[3]}")
print(f"list_b[0]: {list_b[0]}")
print(f"list_b[3]: {list_b[3]}")

print("list_b[1] = 66")
list_b[1] = 66
print(f"list_a: {list_a}")
print(f"list_b: {list_b}")
print(f"list_a[1]: {list_a[1]}")
print(f"list_b[1]: {list_b[1]}")

#   shallow copy.
#   If an item is a list itself, it copies a reference.

print("""
list_a = [10, [20,30], 'a', ['k',9]]
list_b = list_a[:]
""")
list_a = [10, [20,30], 'a', ['k',9]]
list_b = list_a[:]

print(f"list_a: {list_a}")
print(f"list_b: {list_b}")
print(f"list_a[0]: {list_a[0]}")
print(f"list_a[1][1]: {list_a[1][1]}")
print(f"list_a[3][0]: {list_a[3][0]}")

print("""
list_a[0] = 22
list_a[1][1] = 77
""")
list_a[0] = 22
list_a[1][1] = 77

print(f"list_a: {list_a}")
print(f"list_b: {list_b}")
print(f"list_a[0]: {list_a[0]}")
print(f"list_a[1][1]: {list_a[1][1]}")
print(f"list_b[0]: {list_b[0]}")
print(f"list_b[1][1]: {list_b[1][1]}")

print("list_b[3][0] = 'hello'")
list_b[3][0] = 'hello'
print(f"list_a: {list_a}")
print(f"list_b: {list_b}")
print(f"list_b[3][0]: {list_b[3][0]}")
print(f"list_a[3][0]: {list_a[3][0]}")
2.2 Deep copy (advanced)
· In Python, deep copy creates a completely independent copy of the original list, including all its elements and any nested mutable objects within it.
· To perform a deep copy, use copy.deepcopy(original_list) from the copy module.
Example:
list_deep_copy_1.py:
#   deep copy
import copy

print("""
list_a = [10, [20,30], 'a', ['k',9]]
list_b = list_a[:]
""")
list_a = [10, [20,30], 'a', ['k',9]]
list_b = copy.deepcopy(list_a)

print(f"list_a: {list_a}")
print(f"list_b: {list_b}")
print(f"list_a[0]: {list_a[0]}")
print(f"list_a[1][1]: {list_a[1][1]}")
print(f"list_a[3][0]: {list_a[3][0]}")

print("""
list_a[0] = 22
list_a[1][1] = 77
""")
list_a[0] = 22
list_a[1][1] = 77

print(f"list_a: {list_a}")
print(f"list_b: {list_b}")
print(f"list_a[0]: {list_a[0]}")
print(f"list_a[1][1]: {list_a[1][1]}")
print(f"list_b[0]: {list_b[0]}")
print(f"list_b[1][1]: {list_b[1][1]}")

print("list_b[3][0] = 'hello'")
list_b[3][0] = 'hello'
print(f"list_a: {list_a}")
print(f"list_b: {list_b}")
print(f"list_b[3][0]: {list_b[3][0]}")
print(f"list_a[3][0]: {list_a[3][0]}")
3 List Comprehensions
· List comprehension is a concise way to create lists.
· Each element of the new list is the result of some operations applied to each member of another sequence or iterable.
· A condition can be added to filter out elements in the new lists.
· List comprehension has important advantages:
1. More concise (and more readable for experienced Python programmers).
2. Generally faster.
3. Conditional logic can be added.
4. Local iteration variable.
5. Can be nested.
· Format of list comprehension:
[operation_on_iteration_variable for iteration_variable in iterable_object]
or
[operation_on_iteration_variable for iteration_variable in iterable_object if condition_for_inclusion]
Example:
list_comp_1.py:
#
#   list comprehension.
#
list_1 = [3,4,2,9,-5]
print(f"list_1: {list_1}")

#   create list_2 with elements that is 2 times each element in list_1

item = 22
print(f"item: {item}")
list_2 = []
for item in list_1:
   list_2.append(2 * item)
print(f"list_2: {list_2}")
print(f"item: {item}")

#   using list comprehension.
#   better:
#       (1) more concise.
#       (2) local scope of the iteration variable, item.

item = 37
print(f"item: {item}")
list_3 = [2 * item for item in list_1]
print(f"list_3: {list_3}")
print(f"item: {item}")

#   may add a condition for inclusion in the result.
list_4 = [2 * item for item in list_1 if item >= 0]
print(f"list_4: {list_4}")

#   Advanced examples (beyond CSCI 1470)
list_a = ['Bun', 'Jane', 'Joe']
list_b = [{'name': item, 'member': 'Yes'} for item in list_a]
list_c = [{'name': item, 'member': 'Yes', 'pos':i+1} for i, item in enumerate(list_a)]
4. Modifying Lists
· Since lists are mutable, they can be modified (without creating a new list object.)
· There are many built-in list methods to modify lists.
· The following examples show some popular list modification methods. Guess their meanings and then look them up.
Example:
list_modify_1.py:
#
#   modifying list.
#
list_1 = [0,10,20,30,40,50,60,70,80,90]
print(f"list_1: {list_1}")

# Modify elements and slices.
list_1[3]=5
print(f"list_1 after 'list_1[3]=5': {list_1}")
list_1[0]=2
print(f"list_1 after 'list_1[3]=2': {list_1}")

list_1[5:8]=[15,16,17]
print(f"list_1 after 'list_1[5:8]=[15,16,17]': {list_1}")
list_1[3:1:-1]=[61,62]
print(f"list_1 after 'list_1[3:1:-1]=[61,62]': {list_1}")

list_1 = [0,10,20,30,40,50,60,70,80,90]
print(f"list_1: {list_1}")
print("""\nTry to execute: list_1[10]=3
list_1[10]=3
Traceback (most recent call last):
  File "....", line 12, in <module>
    list_1[10]=3
IndexError: list assignment index out of range
""")
list_1.append(100)
print(f"list_1 after 'list_1.append(100)': {list_1}")
print()
print("""append() takes only one argument:
list_1.append(110,100,110,100)
print(f"list_1 after 'list_1.append(110,100,110,100)': {list_1}")
Traceback (most recent call last):
  File "....", line 30, in <module>
    list_1.append(110,100,110,100)
TypeError: list.append() takes exactly one argument (4 given)
""")
print("This also may not be what one has in mind.")
list_1.append([110,100,110,100])
print(f"list_1 after 'list_1.append([110,100,110,100])': {list_1}")
print()
print(f"Instead, use extend()")
list_1.extend([110,100,110,100])
print(f"list_1 after 'list_1.extend([110,100,110,100]))': {list_1}")

list_1.insert(2,79)
print(f"list_1 after 'list_1.insert(2,79))': {list_1}")
del list_1[3]
print(f"list_1 after 'del list_1[3])': {list_1}")
del list_1[0:2]
print(f"list_1 after 'del list_1[0:2])': {list_1}")
list_1.remove(100)
print(f"list_1 after 'list_1.remove(100)': {list_1}")
list_1.remove(100)
print(f"list_1 after 'list_1.remove(100)': {list_1}")
list_1.pop()
print(f"list_1 after 'list_1.pop()': {list_1}")
5. Nested Lists
· A nested list is a list that contains other lists as its elements.
· A nested data structure (such as list, set, tuple, dict) contains other data structures as its elements.
· To access elements of nested lists, use multiple sets of [], each of which correspond to a level of nesting.
Examples:
nested_list_1.py:
#
#   Nested data structures.
#

#   Each item in score_1 contains the scores of three homework assignments.
scores_1 = [
   [96, 89, 97],
   [88, 84, 83],
   [64, 57, 72]
]

print(f"scores_1: {scores_1}")
print(f"scores_1[0]: {scores_1[0]}")
print(f"scores_1[2]: {scores_1[2]}")
print(f"scores_1[0:1]: {scores_1[0:1]}")
print(f"scores_1[:1]: {scores_1[:1]}")
print(f"scores_1[::-1]: {scores_1[::-1]}")

print(f"scores_1[2][1]: {scores_1[2][1]}")
print(f"scores_1[2][::-1]: {scores_1[2][::-1]}")
print(f"scores_1[2][1:3]: {scores_1[2][1:3]}")
print(f"scores_1[2][:2]: {scores_1[2][:2]}")
print(f"scores_1[0:2][1]: {scores_1[0:2][1]}")
print(f"scores_1[1:3]: {scores_1[1:3]}")
print(f"scores_1[1:3][1]: {scores_1[1:3][1]}")

print("""
#   Each item in score_1 is the score of three homework assignments.
scores_1 = [
   [96, 89, 97],
   [88, 84, 83],
   [64, 57, 72]
]
""")

#   print the individual scores of each student.
for item in scores_1:
    print(f"student score: ", end="")
    for score in item:
        print(score, end=" ")
    print()

print()   
#   putting a comma between scores.
for item in scores_1:
    print(f"student scores: ", end="")
    for pos, score in enumerate(item):
        if pos == len(item)-1:
            print(score)
        else:
            print(f"{score}, ", end="")

print()            
#   Second version using list comprehensions.
for item in scores_1:
    print(f"student scores: ", end="")
    str_item = [str(score) for score in item]
    print(", ".join(str_item))
   
print()   
#   add student #
for student_num, item in enumerate(scores_1):
    print(f"student #{student_num + 1} scores: ", end="")
    for pos, score in enumerate(item):
        if pos == len(item)-1:
            print(score)
        else:
            print(f"{score}, ", end="")
 


Python's Data Structures: Dictionary
CSCI 1470
by K. Yue
1. Dictionary Review
· Review: go to Type.html (section 3.8).
· A Python dictionary (dict) is a mutable, unordered collection of key-value pairs. 
· An English dictionary maps a word (key) to its meaning (value).
· Dictionaries and maps have the same meaning in many languages.
· Hash tables (or hashes) are techniques for implementing dictionaries.
· Dictionaries are examples of abstract data types (ADT).
· ADT is a conceptual model for a data structure that defines its behavior and operations, independent of any implementation details. 
· Syntax of dictionaries use {}: {key1: value1, key2: value2, ...}
· The key of a dict must be an immutable object.
2. Dictionary Basics
· Python's dict:
1. dicts are mutable.
2. store key-value pairs.
3. keys are unique.
4. keys are immutable.
5. Values can be immutable or mutable.
6. Efficient storage for fast retrieval. Implemented as hash tables.
· Since Python 3.7, dictionaries maintain the order in which items are inserted.
Example:
dict_basic_1.py:
#
#   Python dict basic
#
person_1 = {
    "name": "Jane",
    "dob": "12/08/1997",
    "city": "Houston"
}

print(f"person_1: {person_1}")

print(f"id(person_1): {id(person_1)}")
person_1['school'] = 'uhcl'
print(f"person_1 after 'person_1['school'] = 'uhcl'': {person_1}")
print("dicts are mutable.")
print(f"id(person_1): {id(person_1)}")

print("""
#   keys are unique.
person_2 = {
    "name": "Jane",
    "name": "Johnson",
    "dob": "12/08/1997",
    "city": "Houston"
}
""")
#   keys are unique.
person_2 = {
    "name": "Jane",
    "name": "Johnson",
    "dob": "12/08/1997",
    "city": "Houston"
}
print(f"person_2: {person_2}")

def hello():
    print("hello")
def bye():
    print("bye")  

print("""
#  keys can be any mutable.
dict_1 = {
    hello: 1,
    bye: 2,
    "hello": 3,
    4: 4
}
""")
#  keys can be any immutable.
dict_1 = {
    hello: 1,
    bye: 2,
    "hello": 3,
    4: 4
}
print(f"dict_1: {dict_1}")
print(f"dict_1[hello]: {dict_1[hello]}")
print(f"dict_1['hello']: {dict_1['hello']}")
print(f"dict_1[4]: {dict_1[4]}")

#   Keys cannot be mutable.
print("""
#   Keys cannot be mutable.
list_1 = [1,2,3]
dict_2 = {
    "hey": 1,
    list_1: 2
}
Traceback (most recent call last):
  File "...", line 63, in <module>
    dict_2 = {
TypeError: unhashable type: 'list'
""")

print("""
#   values can be mutable.
list_1 = [1,2,3]
dict_2 = {
    "hey": 1,
    "ho": list_1
}
""")

#   values can be mutable.
list_1 = [1,2,3]
dict_2 = {
    "hey": 1,
    "ho": list_1
}
print(f"list_1: {list_1}")
print(f"dict_2: {dict_2}")

# 
list_1.append(4)
print("After 'list.append(4)':")
print(f"   list_1: {list_1}")
print(f"   dict_2: {dict_2}")

dict_2['ho'].append(7)
print("After 'dict_2['ho'].append(7):")
print(f"   list_1: {list_1}")
print(f"   dict_2: {dict_2}")
3. Modifying dicts
· There are many methods for modifying dicts.
· del dict_a[key]: the del statement can be used to delete an item of a mutable object (dicts are mutable).
· dict_a[key] = value: can be used to add or update a key value.
· dict_a.extend(dict_b): can be used to add the items in dict_b to dict_a.
Example:
dict_more_1.py:
#
#   Python dict: more.
#
person_1 = {
    "name": "Jane",
    "dob": "12/08/1997",
    "city": "Houston"
}

print(f"person_1: {person_1}")
person_1['city'] = 'Galveston';
print(f"person_1 after 'person_1['city'] = 'Galveston'': {person_1}")

print(f"person_1['city']: {person_1['city']}")

print("""
print(f"person_1['state']: {person_1['state']}")
Traceback (most recent call last):
  File "...\dict_more_1.py", line 16, in <module>
    print(f"person_1['state']: {person_1['state']}")
KeyError: 'state'
""")

print("Use the error-safe method get(), which returns a user-specified value if the key cannot be found.")

print(f"person_1.get('city', 'unknown'): {person_1.get('city', 'unknown')}")
print(f"person_1.get('state', 'unknown'): {person_1.get('state', 'unknown')}")

print()
print("Replacing the name key by first and last name.")

del person_1['name']
print("del person_1['name']")
print(f"person_1 : {person_1}")

print("""
person_1['first name'] = 'Jane'
person_1['last name'] = 'Johnson'
""")

person_1['first name'] = 'Jane'
person_1['last name'] = 'Johnson'
print(f"person_1: {person_1}")
print(f"len(person_1): {len(person_1)}")

uhcl = {
    'University abbreviation': 'uhcl',
    'University name': 'University of Houston-Clear Lake',
    'Univesrity state': 'Texas'
}
print(f"uhcl: {uhcl}")
print(f"person_1: {person_1}")
person_1.update(uhcl)
print(f"uhcl: {uhcl}")
print(f"person_1: {person_1}")
 
4. Iterating dicts
· dict methods for faciliating iteration.
1. dict_1.keys(): Returns a view object of all keys.
2. dict_1.values(): Returns a view object of all values.
3. dict_1.items(): Returns a view object of all key-value pairs.
· view objects are dynamic and live. They are views/windows on the underlying dict.
Example:
dict_iter_1.py
#
#   Python dict: iteration
#
person_1 = {
    'name': 'Jane',
    'dob': '12/08/1997',
    'city': 'Houston',
   'university': 'UHCL'
}

print("""dict methods for iteration.
    dict_1.keys(): Returns a view object of all keys.
    dict_1.values(): Returns a view object of all values.
    dict_1.items(): Returns a view object of all key-value pairs.
""")

print(f"person_1: {person_1}")
print(f"person_1.keys(): {person_1.keys()}")
print(f"person_1.values(): {person_1.values()}")
print(f"person_1.items(): {person_1.items()}")

print("""view objects are dynamic and live.
They are views/windows on the underlying dict.
""")
print("keys = person_1.keys()")
keys = person_1.keys()

print(f"keys: {keys}")
print("person_1['hobbies'] = {'primary': 'music', 'others': ['games', 'woodwork']}")
person_1['hobbies'] = {'primary': 'music', 'others': ['games', 'woodwork']}
print(f"person_1: {person_1}")
print(f"keys: {keys}")

#   iterations to pretty print a dict.
print()
print(f"person_1: {person_1}")

print("""
print('{')
for key in person_1.keys():
    print(f"    {key}: {person_1[key]}")
print('}')
""")
print('{')
for key in person_1.keys():
    print(f"    {key}: {person_1[key]}")
print('}')

print("""
print('{')
for key, value in person_1.items():
    print(f"    {key}: {value}")
print('}')
""")
print('{')
for key, value in person_1.items():
    print(f"    {key}: {value}")
print('}')

print("""
import pprint
pprint.pp(person_1, indent=4)
""")

import pprint
pprint.pp(person_1, indent=4)

print()
print("pprint.pp(person_1, indent=4, sort_dicts=True)")
pprint.pp(person_1, indent=4, sort_dicts=True)

print("""
#   simple summing use cases.
sales_by_region = {
    'North': 1120,
    'South': 2100,
    'East': 3219,
    'West': 4050}
total_sales = 0
for sales_amount in sales_by_region.values():
    total_sales += sales_amount
print(f"Total sales across all regions: {total_sales}")""")
#   simple summing use cases.
sales_by_region = {
    'North': 1120,
    'South': 2100,
    'East': 3219,
    'West': 4050}
total_sales = 0
for sales_amount in sales_by_region.values():
    total_sales += sales_amount
print(f"Total sales across all regions: {total_sales}")

# version #2:
print('print(f"Total sales across all regions: {sum(sales_by_region.values())}")')
print(f"Total sales across all regions: {sum(sales_by_region.values())}")

5. Nested Data Structures (dict)
· Nested data structures involve placing one data structure inside another, enabling the organization of complex and hierarchical data. 
· Lists and dictionaries are frequently used in nested data structures.
Example:
nested_ds_1.py:
#
#   Nested data structures.
#

#   Each item in score_1 contains the scores of three homework assignments.
scores_1 = [
   [96, 89, 97],
   [88, 84, 83],
   [64, 57, 72]
]
print("""
#   Each item in score_1 is the score of three homework assignments.
scores_1 = [
   [96, 89, 97],
   [88, 84, 83],
   [64, 57, 72]
]
""")

#   print the individual scores of each student.
for item in scores_1:
    print(f"student score: ", end="")
    for score in item:
        print(score, end=" ")
    print()

print()   
#   putting a comma between scores.
for item in scores_1:
    print(f"student scores: ", end="")
    for pos, score in enumerate(item):
        if pos == len(item)-1:
            print(score)
        else:
            print(f"{score}, ", end="")

print()            
#   Second version using list comprehensions.
for item in scores_1:
    print(f"student scores: ", end="")
    str_item = [str(score) for score in item]
    print(", ".join(str_item))
   
print()   
#   add student #
for student_num, item in enumerate(scores_1):
    print(f"student #{student_num + 1} scores: ", end="")
    for pos, score in enumerate(item):
        if pos == len(item)-1:
            print(score)
        else:
            print(f"{score}, ", end="")

#   Each item in score_2 contains a dict with the name of the student as the key and the scores of three homework assignments as the value.
scores_2 = {
   "Joe": [96, 89, 97],
   "Jane": [88, 84, 83],
   "Jenny": [64, 57, 72]
}

print() 
for student in scores_2.keys():
    print(f"{student}'s scores: ", end="")
    for pos, score in enumerate(scores_2[student]):
        if pos == len(item)-1:
            print(score)
        else:
            print(f"{score}, ", end="")

scores_3 = {
   "Joe": {"HW1": 96, "HW2": 89, "HW3": 97, "HW4": 84},
   "Jane": {"HW1": 88, "HW2": 84, "HW3": 83},
   "Jenny": {"HW1": 64, "HW2": 57, "HW4": 72}
}

print() 
for student in scores_3.keys():
    print(f"{student}'s scores: ", end="")
    for pos, assignment_name in enumerate(scores_3[student].keys()):
        if pos == len(scores_3[student].keys())-1:
            print(f"{assignment_name}: {scores_3[student][assignment_name]}")
        else:
            print(f"{assignment_name}: {scores_3[student][assignment_name]}, ", end="")

