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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 (cannot be lists, dicts, sets)
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="")
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1. File Basics
· Files are used to store data permanently, independent of applications.
· Thus, many applications can use the same file to share data.
· Data in files are retained even when power is turned off.
· Files are stored in secondary storage devices, such as hard disks, flash drive, magnetic tapes, etc.
· Data is eventually stored in bits (0 or 1).
· Text files store a sequence of characters encoded in ASCII, UTF, or other encoding formats.
· Eventually the encoding is stored in bytes and bits. Thus, text files are sort of binary too.
· A Byte is just 8 bits, but in character encoding, each bit does not have an individual meaning.
· Binary files store data in non-textual and binary manner.
2. Streams and I/O Streams
· In computer science, the term streams refer to abstract objects (that need to be eventually implemented) for sequentially reading data from and writing data to various channels.
· These channels are usually used for Input and Output purposes (i.e., I/O streams)
· Like many other languages, Python have three standard I/O streams:
1. standard input: sys.stdin
2. standard output: sys.stdout
3. standard error: sys.stderr
· For example, if you are running a Python program in a command terminal, all three standard I/O streams are the command terminal.
. The command terminal may be considered as an implementation of the three standard I/O streams.
Example:
stream_1.py:
#   standard I/O stream in Python.

name = input("Your name: ")
print(f"hi, {name}.")

num1 = int(input("number 1: "))
num2 = int(input("number 2: "))
num3 = int(input("number 3: "))

print(f"num1/num2: {num1/num2}")
print(f"num1/num3: {num1/num3}")
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· Streams can be implemented in many ways. Examples:
1. Files
2. Network connections.
3. In memory buffers (such as strings, since strings are sequential).
3. Input files
3.1 Basics
· Basic commands for read a file is:
· open(filename): open a file and returns a file object. 
· file_1.read(): read and return the entire content of the file_1 object.
· file_1.readline(): read and return the content of the file_1 object up to and include an end of line symbol ("\n"). If the end of file is reached, return "".
· file_1.close(): close the file_1 object.
Example:
infile_1.py.txt:
# Open a file with mode "r" for read and returns a file object.
f = open("infile_1.py", "r")
# the content of the file object is read and used but not kept.
print(f.read()) 

print(f"""The second read() returns "".
The file content can be read only once.
print(f.read())
""")
print(f.read())
f.close() 
infile_2.py.txt:
import sys
#   Read a file specified by the first command line argument.
#   Primt the number of characters in the file and then the file itself.

if len(sys.argv) < 2:
    print("Usage: infile_2.py <filename>")
    sys.exit(1) # Exit with an error code

filename = sys.argv[1]

#   The default mode is "r" but explicitly specifying the mode as "r" provides clarity of intention.
f = open(filename, mode="r")
s = f.read()
print(f"Number of characters in the file: {len(s)}\n")
print(s)
f.close()
3.2 Closing Files
· Forget closing a file creates problems. Examples.
· Data loss and data corruption.
· Performance degradation.
· Resource leakage.
· Thus, it is important to close a file when it is no longer used. Proper house keeping is very important in computer science.
· Use the with statement for context management.
· Format of the with statement:
with open(infile_name, 'r') as f:
      # block of code within the with statement
      # ...
# The file is automatically closed when exiting the with block,
# even if exceptions occur within the block.
Example:
infile_3.py.txt:
import sys
#   Read a file specified by the first command line argument.
#   Primt the number of characters in the file and then the file itself.

if len(sys.argv) < 2:
    print("Usage: infile_3.py <filename>")
    sys.exit(1) # Exit with an error code

filename = sys.argv[1]

#   The default mode is "r" but explicitly specifying the mode as "r" provides clarity of intention.
with open(filename, mode="r") as f:
   s = f.read()
   print(f"Number of characters in the file: {len(s)}\n")
   print(s)
3.3 I/O and File Exceptions
· Exceptions are runtime errors.
· If not handled, they terminate program execution.
· Common file exception examples:
1. FileNotFoundError: cannot find file when reading.
2. FileExistsError: file or directory already exists when trying to create them.
3. PermissionError: such as writing to a read-only files.
4. IOError: general I/O exceptions.
· The try-except blocks can be used to handle exceptions in Python.
Example:
infile_4.py.txt:
import sys
#   Read a file specified by the first command line argument.
#   Print the number of characters in the file and then the file itself.

if len(sys.argv) < 2:
    print("Usage: infile_4.py <filename>")
    sys.exit(1) # Exit with an error code

filename = sys.argv[1]

try:
    with open(filename, mode="r") as f:
        s = f.read()
        print(f"Number of characters in the file: {len(s)}\n")
        print(s)
except FileNotFoundError:
    print(f"The file {filename} cannot be found.")
    sys.exit(1)
except Exception as e:
    print(f"An error occurred: {e}"

Example:
infile_5.py.txt:
import sys
#   Read a file specified by the first command line argument.
#   Print the number of characters in the file and then the file itself.

if len(sys.argv) < 2:
    print("Usage: infile_4.py <filename>")
    sys.exit(1) # Exit with an error code

filename = sys.argv[1]

try:
    with open(filename, mode="r") as f:
        for i,line in enumerate(f,1):
            print(f"[{i}]: {line}", end='')
except FileNotFoundError:
    print(f"The file {filename} cannot be found.")
    sys.exit(1)
except Exception as e:
    print(f"An error occurred: {e}")
 
3.4 Some tips
· If you need to use os.path for portability (as suggested by Zybooks Chapter 9.3), you should instead consider using the more modern pathlib module.
· The open() method has many additional parameters for fine-tuning your need.
4. Output Files
· When writing to a file, the file mode can be set, such as:
1. "w": writing to a file. Overwrite if the file already exists.
2. "x": writing to a file. Fail if the file already exists.
3. "a": append to the end of a file. Create the file is it does not already exists.
4.1 print()
· By now, you are probably familiar with the print() function.
· print() is not a method of a file object.
· Some properties of print()
1. Use to output to stdout or files.
2. Good for formatted output.
3. can write 0 or many objects, which are converted to strings.
4. Add a space as the separator between objects.
5. Add a newline symbol at the end by default.
6. Write to stdout by default.
Format:
print(*objects, sep=' ', end='\n', file=sys.stdout, flush=False)
1. *objects: 0 or more objects to output.
2. sep: separator between objects, default as ' '.
3. end: string to be add at the end, default as '\n'.
4. file: file to be written to, default as sys.stdout.
5. flush: whether the output is flushed and thus written to the file immediately, default to False.
4.2 write()
· write() is a method of a file object. It is thus called as f.write(), where f is a file object.
· It takes on only one argument.
· It is used for raw writing.
· No automatic \n added to the end.
Example:
output_1.py:

list_1 = ["Hello", "world", "it is me.", 2048]
print(f"list_1: {list_1}")

try:
    filename = 'output_1_out.txt'
    with open(filename, 'w') as f:
        print(f"list_1: {list_1}", file=f)
        #   Note that the int 2048 is converted to '2048' by print()
        print("Hello", "world", "it is me.", 2048, file=f)
        print("Hello", "world", "it is me.", 2048, sep=" :-) ", file=f)
        print("Hello", "world", "it is me.", 2048, sep=" :-) ", end='\nbye bye\n', file=f)
except FileExistsError:
    print(f"The file {filename} already exists.")
except Exception as e:
    print(f"An error occurred: {e}")

#   Append.
try:
    with open(filename, 'a') as f:
        f.write("\n\nThe following is written by write().")
        f.write("No newline symbol automatically added by write().\n")
        f.write(f"list_1: {list_1}")
# no FileExistsError for append mode.
except Exception as e:
    print(f"An error occurred: {e}")
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