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1. Python Data Type
· In Python, data have types that determine:
1. What are their legitimate values?
2. What functions/methods can be applied on the values?
3. How are the values stored?
Example:
i = 10
i
10
type(i)
<class 'int'>
· Data type/class: int 
1. What are their legitimate values? E.g., 1, 470858043750834, not ‘sleepy joe’
2. What functions can be applied on the values?
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3. How are the values stored?
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Example: for
i = 32
1. Legitimate value: any integer that can be held by available memory.
2. Functions: e.g., + , -, max, ...
· Functions that can be used: e.g., len(i), i[2], i.upper(), ...
3. Storage: the value is stored as binary number, together with other information, such as sign, storage length, etc.
	How are the data type int stored?
Java:
· It is always stored at a fixed length of 4 Bytes.
· The range of legitimate int values: [-2,147,483,648 (which is -2^31), 2,147,483,647 (which is 2^31 - 1)].
· An int value out of this range will raise an out of range error. (e.g., i = 2147483647 * 2;)
· It is fast and efficient.
Python:
· It has a flexible length and can store a very large int value.
· For example, sys.getsizeof(x) returns the storage size of x in Bytes. In Python 3.13, we have this example:
>>>import sys
>>>sys.getsizeof(1)
28
>>>sys.getsizeof(8783783748374838473847398478348937483748324932487394)
48
· It is not as fast but very flexible and easy to use.


· Python is dynamically typed.
· The data is determined during runtime dynamically.
· No need of type declaration. Data types are inferred.
· The type of a variable can be changed during runtime. To be more exact, a variable can be assigned to a different objects with different types.
Example:
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· In contrast, Java is statically typed. For an int i:
1. It must be declared before using. E.g., int i; (variable i can store in int value; 4 Bytes)
2. The variable i cannot be assigned to a value of another data type.
3. The variable i will remain as a 4 Byte int during its lifetime.
1.1 Important Python Data Types
The following diagram shows the most common data types in Python:
[image: ]
· Python has many built-in types/classes as shown in the table below. We will cover the one emphasized in red italic font. You do not need to know all of them now. We will cover them in details later.
Some major built-in types/classes in Python:
· Numeric Types:
· int: For integer numbers. E.g., 1, 2, 8093428
· float: For floating-point numbers. Exemplify: E.g. 1.3, 29025.4, 0.000789432 (State: ndecimal point can float/move; Elaborate: number of digits after the decimal point can vary.)
	As a comparison, Fixed-point numbers are a computing data representation method that stores fractional values using a fixed number of digits or bits for the fractional part, providing consistent precision.  E.g. 1.30, 29025.40, 0.00,…



· complex: For complex numbers.
· Sequence Types: (an ordered collection of elements)
· list: Mutable ordered sequences of items.
· tuple: Immutable ordered sequences of items.
· str: Immutable sequences of Unicode characters (strings).
· bytes: Immutable sequences of bytes.
· bytearray: Mutable sequences of bytes.
· range: a range for iteration.
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· Mapping Type:
· dict: Unordered  (composite) collections of key-value pairs.
· 
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· Set Types:
· set: Mutable unordered collections of unique items (primary and important concept that ties everything related to the concept). E.g., in Math: {1,2,1,2} = {1,2} = {2,1}
[image: ]
· frozenset: Immutable unordered collections of unique items.

· Other Essential Built-in Types/Classes:
· bool: Represents Boolean values (True and False), a subclass of int.
[image: ]
· object: The base class for all classes in Python; every class implicitly inherits from object.
· type: Represents the type of an object; classes themselves are instances of type.
· NoneType: Represents the None object, indicating the absence of a value.
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· In this class, we use the terms type and class interchangeably. There are actually very subtle differences between them.
	For comparison, Java:
· has primitive data types (store values only): including various number data types and char.
· has non-primitive data types (store references to storage): including array, string, class, etc.
· do not support built-in data types such as dictionary, set, tuple, list and range.


1.2 Type Classifications
1.2.1 Primitive versus Composite Type
· Primitive (atomic) data types represent a single atomic value.
· Examples: int, float, bool, NoneType.
· Composite data types are collections of data items that can be accessed individually.
· Examples: str, list, tuple, dict, set.
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Example:
# Primitive/atomic types
i = 1
pi = 3.14159265
t = True
s = None
# Composite types:
l = [1,2,3,4] # a list.
l[0]
1
m = (4,5,6,7) # a tuple
m[0]
4
1.2.2 Mutable vs Immutable Types (advanced topic)
· There are relative merits of mutable and immutable types. Performance is a key consideration. We will not go into details in this class. (They have different use cases.)
· Mutable data types are objects whose values can be modified in place (in the same memory location; does not need to relocate to a different location) after creation. 
· Operations on mutable objects can change their internal state without creating a new object in memory.
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· Operations on mutable objects can change their internal state without creating a new object in memory.
· Common built-in immutable types covered in this class
1. int
2. float
3. str
4. tuple: good to store data that does not change much or at all. E.g., State code and name (TX, Texas)
5. bool
· Immutable data types are objects whose values cannot be changed after creation. 
· Operations modifying an immutable object create a new object.
· Common built-in mutable types to be covered in this class.
1. List: data that changes a lot.
2. set
3. dict
[image: ]
 
2. Internal Representations In Bits and Bytes
· Data are stored as bits (0 or 1) and bytes (8 bits) in computer systems.
· Different formats interprets bits and bytes in different ways.
· Text file (.txt) interprets 0 and 1 as textual characters (ASCII or Unicode)
Example:

E.g. computer: 010100101001001100101010101001
Hexadecmial number system: 9A2B
Human: hello world
Human: 978 (Decimal point system)
A byte may contain 00101010.
Number systems (Base n)

· Since bits are long and confusing (just 0 and 1), hexadecimal digits are used to represent 4 bits.
· Hexadecimal numbers use a base of 16:
· 0-9: 0-9
· A (or a): 10
· B (or b): 11
· C: 12
· D: 13
· E: 14
· F: 15
· In contrast, decimal numbers use a base of 10.
Example:
Binary: 101010 -> Hexadecimal: 2A
Binary: 1110111101 -> Hexadecimal: 3BD
Conversion of binary value to hexadecimal value:
1. Pad the binary value with leading 0 to make groups of 4 bits. E.g., 1110111101 -> 001110111101.
2. Convert each group from left to right to hexadecimal. E.g.,
1. 0011 -> 3 (3 in decimal system)
2. 1011 -> B (11 in base 10)
3. 1101 -> D (13 in decimal system)
3. Concatenate the result from right to left. E.g., 0011 + 1011 + 1101 -> 3BD
bin_to_hex.py: converts an input binary value to a hexadecimal value. Please download and play with it. You do not need to fully understand the program at this time.
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Conversion of hexadecimal value to binary value:
1. Convert each hexadecimal digit to 4 bit binary value.
2. Concatenate the result.
hex_to_bin.py: converts an input hexadecimal value to a binary value. Please download and play with it. You do not need to fully understand the program at this time.
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Conversion of decimal values to binary and hexadecimal values
You do not need to fully understand the following algorithm.
	Algorithm Convert(i, b)
     Convert the decimal non-negative integer i to a integer string of the base b (b=2: binary, b=16: hexadecimal)
Output: the integer string in base b.
Steps:
[1] If i == 0 return '0'
[2] curr_num <- i
[3] result <- ''
[4] while (curr_num > 0)
   [4.1] remainder <- curr_num % b
   [4.2] digit <- the char symbol representing remainder in the base b.
   [4.3] result <- result + digit
   [4.4] curr_num <- curr_num // digit
[5] return result


dec_to_bin_hex.py: converts an input decimal value to a binary string and a hexadecimal string. Please download and play with it. You do not need to fully understand the program at this time.
[image: ]
Example:
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Three common data types:
1. integer: an integer
2. float: a number in which the decimal point can float around. E.g., 234929.703125, 2.34929703125, 2349297031.25.
3. string: a sequence of characters.
Example:
The Byte 00101010:
1. Interpreted as an integer: 42
2. Interpreted as a floating point number (after padding with leading 0's to make 4 bytes): 5.885453550164232 * 10^-44.
3. Interpreted as a string: '*'
encoding_3.py: input a hexadecimal number and show how it may be interpreted as integer, float and UTF-8 strings. Please download and play with it. You do not need to fully understand the program at this time.
Two most important CS professional organizations: IEEE Chapter in Galveston Student Membership, ACM Student Organization.
Example:
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3. Common types
3.1 int
· Some int operators:
1. Arithmetic
2. Assignment
3. comparison
4. bitwise operation
int_1.py:
#   int types
#   int arithmetic operators.
a = 20
b = 3
print(f"a: {a}")
print(f"b: {b}")
print(f"a+b: {a+b}")
print(f"a-b: {a-b}")
print(f"a*b: {a*b}")
print(f"a/b: {a/b}")
print(f"a//b: {a//b}")
print(f"a%b: {a%b}")
print(f"a**b: {a**b}")

c = a/b
print(f"type(a): {type(a)}")
print(f"type(b): {type(b)}")
print(f"type(c): {type(c)}")

#   int assignments.
x = 4
print(f"x: {x}")
x += 2
print(f"after x+= 2; x: {x}")
x -= 3
print(f"after x-= 3; x: {x}")
x *= 6
print(f"after x*= 6; x: {x}")

x %= 4
print(f"after x%=4; x: {x}")

#   Comparisons operators
p = 5
q = 7
print(f"p > q: {p > q}")
print(f"p >= q: {p >= q}")
print(f"p == q: {p == q}")
print(f"p < q: {p < q}")
print(f"p <= q: {p <= q}")

#   bitwise operation.
s = 5 # binary: 0101
t = 3 # binary: 0011
print(f"s: {s}; binary: {s:08b}")
print(f"t: {t}; binary: {t:08b}")
print(f"s & t: {s & t}; binary: {s&t:08b}") # bitwise and
print(f"s | t: {s | t}; binary: {s|t:08b}") # bitwise or
print(f"s ^ t: {s ^ t}; binary: {s^t:08b}") # bitwise exclusive or
print(f"s<<1: {s<<2}; binary: {s<<2:08b}")  # shift left 1 bits.
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3.2 float
· Floating point numbers have a decimal point that floats. E.g. 3.13, 313.0, 31.300013, 3.1e-08 (i.e. 3.1 * 10 ** -08), etc.
· Floats are generally implemented using the C double type: 8 Bytes.
· Conforms to the IEEE 754 double-precision binary floating-point standard (binary64). (64 bits; 8 Bytes; e.g. Java: float (4 Bytles), double (8 bytes)
· Floating numbers may have precision problems and rounding errors.
Example: In IDLE:
>>> 1/3
0.3333333333333333
>>> 0.1 + 0.57
0.6699999999999999
>>> 0.1 + 0.2
0.30000000000000004
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· If fixed point numbers are needed, use the Python module 'decimal'.
Some float operators (similar to int):
1. Arithmetic
2. Assignment
3. comparison
· There is no bitwise operator for float.
https://jupyter.org/: an essential tool for Python
3.3 str
· A string liter may use ' or ".
· Triple quoted strings support multi-line string literals.
· \ is the escape character (escape to a special meaning within context) in string literals.
· f strings are string literals with a 'f' before the string. They support the special syntax of {expression_to_be_evaluated} in which the expression expression_to_be_evaluated will be evaluated to be included in that location.
· The string data type will be covered in more details later.

3.4 list
· 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. 0-based.
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.
Example:
list_1.py: download and try it out. Use the techniques in the program to tinker and explore lists.
#   some basic list examples.
l = [10,20,30]
m = [30,20,10]

print(f"l: {l}")
print(f"m: {m}")
print(f"m[0]: {m[0]}")
print(f"m[1]: {m[1]}")
print(f"m[2]: {m[2]}")
print(f"l==m: {l==m}")
print(f"l==[10,20,30]: {l==[10,20,30]}")

# no need to know for the moment: lexicographical comparison on lists.
print(f"l>m: {l>m}")
print(f"m>l: {m>l}")
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# append: add to the end.
print("""l.append(20)
l.append(30)
l.append(20)""")
l.append(20)
l.append(30)
l.append(20)
print(f"l: {l}")
print(f"len(l): {len(l)}")
print(f"l.count(20): {l.count(20)}")
print(f"l.reverse(): {l.reverse()}")

print(f"l+m:{l+m}")

p = [1, 'hello', 1.89e40, [3+10, 'world']]

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

q = [10,20,30]
print("lists are mutable")
print(f"q: {q}")
print(f"id(q): {id(q)}")
print("q.pop()")
q.pop()
print(f"q: {q}")
print(f"id(q): {id(q)}")
print("int are immutable")
i = 1
print(f"i: {i}")
print(f"id(i): {id(i)}")
i = 20
print(f"i: {i}")
print(f"id(i): {id(i)}")
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3.5 tuple
· Tuples are like lists: ordered, indexed, heterogenous (elements can be of different types)

· Tuples use () instead of [].
· However, tuples are immutable.
	[image: ]
List is mutable.



· Tuples are used for:
1. A sequence that should not be changed. Advantages: integrity and performance.
2. A tuple can be used as a key in a dictionary.
Example:
tuple_1.py: download and try it out. Use the techniques in the program to tinker and explore tuples.
#   some basic tuple examples.
l = (10,20,30)
m = (30,20,10)

print(f"l: {l}")
print(f"m: {m}")
print(f"m[0]: {m[0]}")
print(f"m[1]: {m[1]}")
print(f"m[2]: {m[2]}")
print(f"l==m: {l==m}")
print(f"l==[10,20,30]: {l==[10,20,30]}")

# no need to know for the moment: lexicographical comparison on lists.
print(f"l>m: {l>m}")
print(f"m>l: {m>l}")
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lexicographical comparison : comparing elements one by one.

"""  Methods changing lists do not exist for tuples. E.g.,
# append: add to the end.
print(l.append(20)
l.append(30)
l.append(20))
l.append(20)
l.append(30)
l.append(20)
"""

print(f"l: {l}")
print(f"len(l): {len(l)}")
print(f"l.count(20): {l.count(20)}")
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print(f"l+m:{l+m}")

p = (1, 'hello', 1.89e40, (3+10, 'world'))

print(f"p: {p}")
print(f"p[0]: {p[0]}")
print(f"p[1]: {p[1]}")
print(f"p[2]: {p[2]}")
print(f"p[3]: {p[3]}")
print(f"p[3][0]: {p[3][0]}")
print(f"p[3][1]: {p[3][1]}")
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q = (10,20,30)
print("tuples are immutable")
print(f"q: {q}")
print(f"id(q): {id(q)}")

print(
"""ql = list(q)
ql.reverse()
ql.append(90)
q = tuple(ql)""")
print("If really, really need to change a tuple, convert it to a list.")
ql = list(q)
ql.reverse()
ql.append(90)
q = tuple(ql)
print(f"q: {q}")
print(f"id(q): {id(q)}")
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3.6 bool
· The boolean type of Python expresses truth values.
· It only has two literals: True and False.
· It is used in conditional and iteration statements when conditions are needed.
· bool is a subtype of int.
· Logical operators: and, or, not.
· The logical operators and and or use short-circuit evaluations. If the result is known after the first argument, the evaluation of the second argument is skipped.
· In "cond_1 and cond_2", cond_1 can serve as a guard for cond_2. If cond_1 is false, cond_2 will not be evaluated.
 Example:
bool_1.py: download and try it out. Use the techniques in the program to tinker and explore the bool type.
#   some basic bool examples.

x = True
y = False

print(f"x: {x}")
print(f"y: {y}")

print(f"not(x): {not(x)}")
print(f"x and y: {x and y}")
print(f"x and not y: {x and not y}")
print(f"x or y: {x or y}")
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print("Short circuit evaluations")
[image: ]

li = [10,20]
print(f"li[1]: {li[1]}")
if li[1]:
    print(f"li[1]: true")
else:
    print(f"li[1]: false")
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k = 4
print(f"k: {k}")

try:
    if li[k]:
        print(f"li[k]: true")
except IndexError:
    print("Index out of range error for li[k]")
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try:
    if x or li[k]:
        print(f"x or li[k]: true")
    else:
        print(f"x or li[k]: false")
except IndexError:
    print("Index out of range error for 'x or li[k]'")
   
try:
    if x and li[k]:
        print(f"x and li[k]: true")
    else:
        print(f"x and li[k]: false") 
except IndexError:
    print("Index out of range error for 'x and li[k]'")
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try:
    if y and li[k]:
        print(f"y and li[k]: true")
    else:
        print(f"y and li[k]: false") 
except IndexError:
    print("Index out of range error for 'y and li[k]'")
The exception handler will be executed in this case: y and li[k]

try:
    if y or li[k]:
        print(f"y or li[k]: true")
    else:
        print(f"y or li[k]: false") 
except IndexError:
    print("Index out of range error for 'y or li[k]'")

3.7 NoneType and None
· None is a special constant representing the absence of a value or a null value in Python.
· None is of the type NoneType.
· NoneType has only one value/object: None.
· None behaves like False in a Boolean context. If a bool value is needed, None is interpreted as False.
· There are good use cases of None which will not be covered now.
	Advanced topic (not in examination):
None or Null are handled differently in different languages:
In Java, null is a special literal representing a missing value of a reference to objects or reference types. It is not available for primitive types, such as int and float. For example, if i is an integer, i = null is not allowed.
In SQL, null is a value/marker that can be used in all data types. Thus, if x is null, you can compare it to an integer, such as 'x < 3', which will return null.
In Python, None is an object of the type NoneType. Thus, if x is None, comparison such as 'x < 3' raise a TypeError exception.


 3.8 dict
· A Python dictionary (dict) is a mutable, unordered collection of key (property)-value pairs. E.g.,
· Eye-color (key): brown (value)
· DoB (key): 1-1-1999 (value)
· 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.
Example:
dict_1.py: download and try it out. Use the techniques in the program to tinker and explore dict.
#   some basic dict examples.

d1 = {}
print(f"d1: {d1}")
print(f"id(d1): {id(d1)}")

print(
"""d1['a'] = 100
d1[2] = 'hello, world'""")
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d1['a'] = 100
d1[2] = 'hello, world'
print(f"d1: {d1}")
print("d1['a'] = [10,20,30]")
print(f"d1: {d1}")
print(f"d1['a']: {d1['a']}")

print(
"""d1['a'] = 50
d1[1.33] = 90
d1['hello'] = 3.1415""")

d1['a'] = 50
d1[1.33] = 90
d1['hello'] = 3.1415
print(f"d1: {d1}")
[image: ]

#   KeyError: key does not exist in the dict.
try:
    print(f"d1['world']: {d1['world']}")
except KeyError:
    print("key error for d1['world']")
[image: ]
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#   Use the get() to avoid raising KeyError if the key does not exist.
print(f"d1.get('a'): {d1.get('a')}")
print(f"d1.get('world'): {d1.get('world')}")

#   key exists?
print(f"'hello' in d1: {'hello' in d1}")
print(f"'world' in d1: {'world' in d1}")
[image: ]

print(f"id(d1): {id(d1)}")

d2 = {'a': 100, 'b': 'hello', 'c': 1.25, 'd': 40}
print(f"d2: {d2}")

# setdefault: set a key to a value only if it does not already exist.
print(f"d1.get('e'): {d1.get('e')}")
print("d2.setdefault('e', 'orange juice')")
d2.setdefault('e', 'orange juice')
print(f"d1.get('e'): {d1.get('e')}")

print(f"d1.get('a'): {d1.get('a')}")
print("d2.setdefault('a', 'apple juice')")
d2.setdefault('a', 'apple juice')
print(f"d1.get('a'): {d1.get('a')}")

#   remove a key-value pair.
print(f"d2: {d2}")
print("del d2['c']")
del d2['c']
print(f"d2: {d2}")
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Python 3.13.6 (tags/v3.13.6:4e66535, Aug 6 2025, 14:36:00) [MSC v.1944 64 bit
AMD64) ] on win32

Enter "help" below or click "Help" above for more information.

>>>x = True
>>>Ix

True

>>>x =[5 > 3
>>>Ix

True

>>>1d (%)
140728349815216
>>>x = 5 < 2

>>>Ix \
False

>>>1d(x) \
140728349815248

>>>|

( a
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>>>
>>>
>>>
>>>

>>>
>>>

>>>
>>>

>>>
>>>

>>>

S>>

1d(x)

140728349815248 ~—__

~

i = None = None means N/A, missing data.
-

1d(0) — Immutable.

140728349815280

Yy = [112]

v \F
(1, 2]

y[ol =8 N
id(y)
1827942517248 /

A list is mutable, ordered
collection of element.

' Refered by index 0, 1,..

y[l] = 11 -

y /
[8, 11]

id(y)

1827942517248 -—

.

Mutable: changing it does not
create a new object. It is still
stored in the same location.
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>>>
>>>

>>>

>>>
>>>

>>>

s = 'hello' ~—_

s[2]
lll
s[4]
lol
i =90
if[0]

-

str is a composite

-

Traceback

File "<pyshell#24>", line 1, in <module>

i[0]

TypeError:

type; subscriptable:
can use index/key

intis a
primitive data
type: atomic.

(most recent call last):

'int' ece=—5 not subscriptable

ohd
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>>>
>>>

>>>
>>>

>>>
>>>

>>>

y = [1,2]

Yy

(1, 2]

y[0] = 8
id(y)
1827942517248
yv[1l] = 11

Yy ~—

A list is mutable. Internal state:
[1,2]

B in place: memory location does
not change.

|

[8, 11]

id(y)
1827942517248

/ [Fternal state changed to [8,11] J
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P

>>>1 = 10 -
>>>id (i)
140723648754888
>>>1i = 20
>>>id (i)
140723648755208
Pa¥ ] = [10,20,30]\
>>>id (1)

3166441176320 €-———m-—
>>>1[0] = 99

>>>1 ‘7
[99, 20, 30]
>>>1id (1) \

3166441176320

>>>|
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iC:\ python bin_to_hex.py

iEnter a binary string:

Padded Binary String with leading © (for grouping in 4-bit chunks): 001110111101
number of grouping: 3

Intermediate Steps:

Grouping [1]: 0011

Binary '0011' converts to Decimal: 3 padd with leading

Decimal '3' converts to Hexadecimal character: |3
Grouping [2]: 1011

Binary '1011' converts to Decimal: 11

Decimal '11' converts to Hexadecimal character{ B
Grouping [3]: 1101

Binary '1101' converts to Decimal: 13

Decimal '13' converts to Hexadecimal character: D

Final Hexadecimal String: 3BD /

0 to make groups
of four bits.
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(&= >python hex_to_bin.py
Enter a hexadecimal string: 7AC7

Input Hexadecimal String: 7AC7

Step 1: Processing hex digit '7'
Converted '7' to decimal: 7
Converted 7 to 4-bit binary: 0111

Step 2: Processing hex digit 'A’
Converted 'A' to decimal: 10
Converted 10 to 4-bit binary: 1010

Step 3: Processing hex digit 'C’
Converted 'C' to decimal: 12
Converted 12 to 4-bit binary: 1100

Step 4: Processing hex digit '7'
Converted '7' to decimal: 7
Converted 7 to 4-bit binary: 0111

All hex digits converted. Joining binary parts...
Final Binary String: ©111101011000111
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i A el 41 M e Y Y e MY e A

156 // 2
e T I, integer division:

156 / 2 :
780 integer result

156 % 2 .

0
155 & 2 —-— L
1

module function: remainder
of an integer division

155 // 2
77 (I: regular division:

155 / 2&— Lfloat result
77.5
|
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2\ I

Enter a decimal number:
Hexadecimal string using/built-in hex(): ©x925
Binary string using buiJ/t-in bin(): ©b100100100101

>python dec_to_bin_hex.py

--- Converting 2341 tq/Hexadecimal and Binary (Manual Steps) ---

[1] Current number: 2341, Remainder: 5 (hex: 5: bin: 0101) New currant oumben—tdiviaar=
[2] Current number: 146,ﬁa1nder‘: 2 (hex: 2; bin: ©010), New current number (dividend): 9
[3] Current number: 9, Remainder: 9 (hex: 9; bin: 1001), New current number (dividend): ©
Final Hexadecimal: 925

Final Binary: 100100100101
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G\ >python encoding_3.py
Enter a hexadecimal number (e.
Your input hexadecimal number:
In binary: 00101010
Integer representation: 42
Float representation's byte array (leading: b'\x00\x00\x00*"'
Float representation (IEEE 754 32-bit): 5.885453550164232e-44
UTF-8 string representation: '*'

G\ >python encoding_3.py
Enter a hexadecimal number (e.g.
Your input hexadecimal number:
In binary: 01001000011001010110110001101101
Integer representation: 1214606445
Float representation's byte array (leading: b'Helm'
Float representation (IEEE 754 32-bit): 234929.703125
UTF-8 string representation: 'Helm'

1A, 22, 48656c6d, 48656c6c6T2c20576¥726C6421):

1A, 22, 48656c6d, 48656c6c612c20576¥726c6421):

2A

48656c6d
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=l int_1.py 2 ‘ Float representation (IEEE 754 32-bit): 6.1657132U43029195e-uU

# int types UTF-8 string representation: ','
i int arithmetic operators [EEIRPENTEEIIACEINEEE DTN
a: 20
a = b: 3
b = atb: 23
a-b: 17 It: float
( b ) a/b: 6.666666666666667
a//b: 6
( a+b ) a%b: 2 < integer division: keep the
a**b: 8000 integer part;; return an
( a-b ) type(a): <class int.
( a*b ) type(b): <class 'int'>
type(c): <class 'float'>
( a/b ) = module, remaysiar
(return): 20=6*3 + 2
( a//b)”) ,
( a%sb ") after x*= 6; x:
. after x%=U; x:
( 2**D L= p > q: False
>= q: False
== q: False
C = a/b < q: True
" <= q: True
( (a) ) : 5; binary: 00000101
( G)MEY t: 3; binary: 00000011
( (c) ")
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Float representation's byte array (leading: b'\x00\x00\x00,'
Float representation (IEEE 754 32-bit): 6.1657132U43029195e-uU
UTF-8 string representation: ','

C:\CS1_S26\website\demo>python int_1.py

a: 20

b: 3

atb: 23

a-b: 17

axb: 60

a/b: 6.66666666666666'7

a//b: 6

a%b: 2

axxb: 8000

type(a): <class 'int'>

type(b): <class 'int'>

type(c): <class 'float'> o
g x* = 6 (more specific) is the

x: 4

same as "X =X * 6" (more
after x+= 2; x: 6 genenﬂ:RHScanbéany
after x-= 3; x: 3 / expression.
after x*= 6; x: 18
after x%=4; x: 2
p > q: False
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B “ S : - after x*= 6; x: 18
bitwise and operator 1S bitwise ration. ) . after x%=U: ,x: p)
. format info: 08b, 8 bit binary !
f —~11°r 0101 p > q: False

>= q: False

- \ binary: i pZZQ:hBe
(£Xs: [[{s}f 1ﬁi{hﬂllf: {S;fﬁﬁy)}") )
(E"ON [{t}; bilnary: {t:08DF7) 00000101 |
(£"s & € & t}; binary: {s&t:08Db}
(£'s | t: | t}; binary: {s|t:08b}")
t A t}; binary: {s?t:08b]

& t: 1; binary: 00000001
| t: 7; binary: 00000111
- " t: 6; binary: 00000110
FT) T 20; binary: 00010100

<2}; binary: {s<<2:08b}")

p
p
[)
I t: 3; binary: 00000011
s
s
s

1S
{s
~: 1S
(f"s<<1l: {s<
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>>>
>>>
>>>

>>>

1/ 3

0
0
0
0
0

.333333333333333
.1+ 0.57
.069999999999999
.1+ 0.2
.300000000000000

a1l L L J.J.CJ_b} N LUV L ~ L LN J.J.CJ_b} AU Vo L VL 1 L -

3

9
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[l++,
i

File Edit Search View Erjcodmg Language Settings Tools Macro _R_Lm_ P_Lg_m Window ? - c:\Windows\System32' X + v
e &4 MD ih Bg| % C =1 -EEEDEE = e [
Hist 10y 2 ‘ Microsoft Windows [Version 10.0.26100.7623]
- : : (c) Microsoft Corporation. All rights reserve
1 # some basic list examples. 7.
f 1 =1 ! ’ ] C:\CS1_S26\website\demo>python list_1.py
! m = [30, , 10] 1: [10, 20, 30]
/ m [?0' 20, 10] lexicographical
- - . mfe]: 36 comparison on lists:
D (£"1 {1}+™) m[1]: 20 compare element by
p s m[2]: 10 element until result is
C (I: m: {m} ) 1==m: False known.
7 EN T (O] L " 1==[10,20,30]: True
' (jF : '[” - iﬂl[ ] : ) 1>m: False
- (£f"m[1] (m[1]}") m>L: True
- § - _ : 1.append(20)
W [ D |
- (£"m[2] {m[2]}") 1.append(30)
10 (£" 1==m {1==m}") 1.append(20)
- ) A _ 1: [10, 20, 30, 20, 30, 20]
11 (£"1==[10,20,30]: {1s£[10,20,30] |} RESNCOEE:

l.count(20): 3
L . 1.reverse(): None
13 # no need to know for/the moment: 1exi EEEpREEESIRECT NIRRT NS )

14 (£"1>m: (1>} ") rog: e L et
15 (f"m>1: {(m>1}") p[1]: hello

p[2]: 1.89e+U0
p[3]: [13, 'world']
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# append: add to the end.

(
)

1. (20)

1. (30)

1. (20)
(E"L: {1}™)
(f"len (1) : { (1))
(f"1.count (20) : {1
(f"1l.reverse () (1
(£"1+m: {14+m}")

H)
H)

d.

C:\CS1_S26\website\demo>python list_1.py
1: [10, 20, 30]

m: [30, 20, 10]

m[e]: 30

m[1]: 20

m[2]: 1@

1==m: False

1==[10,20,30]: True

1>m: False

m>1: True

1.append(20)

1.append(30)

1.append(20)

1: [10, 20, 30, 20, 30, 20]

ten(CL): 6 reverse | but does not
1.¢?uTF(?0): £ return anything (return

None)

— d

V F-— None

1+m:[20, 30, 20, 30, _
p: [1, 'hello', 1.89e+u0, [13, 'world']]
ple]l: 1

p[1]: hello
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>>>11 = [1,2]
>>>dir (11)
[' add ', ' class ', ' <class getitem ', ' contains ', ' delattr ', '
deIItem__', ' dir Tj ' doc 'y ' eq ', ' format ', ' ge ', ' qgetattrib
ute ',_T getitem ', ' getstate ', ' gt ', ' hash ', ' diadd ', ' imul
'7_' init ', '__init_gubclass__', ' iter ', ' le ', ' len ', ' 1t ',
' mul ', ' ne ', ' new ', reduce ', ' reduce ex ', ' repr ', ' r
evgzsed__', " rmul ', ' setattr ', ' setitem ', ' sizeof ', ' str ', '
subclasshook ', TgppenaT, 'clear', 'copy', 'count', 'extend', 'index', 'inser
ET, 'pop’, 'reﬁgve', 'reverse', 'sort']
>>>11.reverse ()
>>>11
(2, 1]
>>>
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= [1, 'hello', I
(£"p: {p}")
(t"p[O0]: {p[O1}™)
(t"pll]: {p[1l1}")
(E"pl2]: {p[21}")
(f"p[3]: {p[31}")
(E"p[3][0]: {p[31L[01 /")
(E"p[3]1[1]: {(p[31[17}™)

, 'world']H

1.count(20): 3

l.count(5): ©

1.reverse(): None

1+m:[20, 30, 20, 30, 20, 10, 30, 20, 10]
p: [1, 'hello', 1.89e+u0, [13, 'world']]
ple]l: 1

p[1]: hello

p[2]: 1.89e+u0

p[3]: [13, 'world']

p[3]1[0]: 13

p[3]1[1]: world

lists are mutable

q: [10, 20, 30] came
id(q): 1416081212672 ~——— SNty
q.pop() — location;
q: [10, 20] / mutable.
id(q): 1416081212672

int are immutable

i: 1

id(i): 140722934018984u

i: 20

id(i): 140722934019592

C:\CS1_S26\website\demo>
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1944 o4 bit (AMD64)] on win32

Enter "help" below or click "Help" above for more information.
>>>11 = [1, 'hello']

>>>111

[1, 'hello']

>>>11[0] = 89

>>>111
[89, 'hello']
>>>1d (11)
2196998480832
>>>11[0] = 102
>>>1d (11)
2196998480832

>>> |
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File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window ?

=, L% ¢ 0 A | O =1 - EEEREE 0 =] c\Windows\System32\cmd X + v
=] tuple_1.py # .
1 # some basic tuple examples. %2\%iéfsgg}wggilte\dem°>python FPte-PY
2 1= (10,20,30) {0: tuple J MEUICIEDNN | and [10,20,30]
3 m = (30,20, . 20 are different
4 objects
5 (£"1: {(1}™) 1==[10,20,30]1: False
" " 1>m: False '
6 (£"m: {m}") tuple is like m>l: True
7 (£E"m[O0]: {m[OT}™) list: use index Lent¥l 3
8 (E"m[1]: {m[1]}") Zcount(20): 1
" . " 1+m: (10, 20, 30, 30, 20, 160)
2 (E'ml{2]: {m[2]}") p: (1, 'hello', 1.89e+u40, (13, 'world'))
10 (£"1==m: {1l==m}") ple]: 1
11 (£"1==[10,20,30]: {1==[10,20,301}") [cxiugp
12 pﬂ:[ 513, 'world')
3]1[0]: 13
13 # no need to know for the moment: lexicogra E[g][l]; world
] . " tuples are immutable
14 (£"1>m: {1>m}") q: (10, 20, 30)
15 (£"m>1: {m>1}") id(q): 2544118069376

L (] (]
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>>>

>>>
>>>

>>>

>>>
>>>

>>>

>>>

>>>

id(11)

2196998480832
11[0] = 102
id(11)
2196998480832
dir(11)

[ add ', ' «class ', contains ', ' de
laEEr__TT ' delitem ', '__eq ', v format_
', ' ge ', ! getattrlbjte ', ' getstate ', !
:gt__TT ' hash ', ' i ' init ', ' init sub

class ', v 1ter v, 1t ', ! mul v,

ne__'j_' new ', '__redjce ' B __', ' repr ', ' rev

ersed ', ' rmul ', '/ setatyr ', ' setNtem ', ' sizeof ', !
str ', ' subclasshdbk ', *append' clear , copy , 'count',

extend', 'index', ‘'insert', 'pop', 'relsye', 'reverse', 'sort']

tl = (1,2,3)

id(tl)

2197043244288

t1[0]

1

dir(tl)

[' add ', ' «class ', ' class getitem ', ' contains ', ' de

lattr ', ' dir ', ' doc ', ' egq ', ' format ', ' ge ', '

__getggtribafe__', ! agtitgﬁ ',_T__agtnewgzgs__',_T__gefgtagg__',

' gt ', ' hash ', ' init ', ' init subclass ', ' iter ',

'::le::', '::len_:T, ! lt ', '__mai__',_'__ne__', ' "nmew ', ' r

educe ', ' reduce ex ', v repr ', ' rmul ', ' setattr v,

F_sizggf__'j_'__str:_'7_'__sagclasgﬁook__', 'cgant', 'index']
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extend', 'index', 'insert', 'pop', 'remove', 'reverse', 'sort']
>>>tl = (1,2,3)
>>>1id (tl)
2197043244288
>>>t1[0]
1
>>>dir (tl)
['" add ', ' class ' class getitem ', ' contains ', ' de
laar_f '_Er ', _doc—_', '__eq_',_'_foaat_', ':ge_f !
getattribute ', '/ getitem ', ' Ggetnewargs ', ' getstate ',
' gt ', '_hgh_ ,—'_init:', ':init_subclgs ',_'_iter__',
''le ', ! /, ' 1t ', ' mul ', ' ne ', ' new ', ' r
eace:', ': —', '_reﬁ_',_'_rﬁl__', '__setaar_',—'
sizeof ', ', ' subclasshook ', 'count', 'index']
>>>t1 = (4,5) o o
>>>1id (tl)
2197042325568
|
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&

File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window ? X
"-3' - =IE LR =1 - FEEDE 0 =] c\Windows\System32\cmd X + v
=] tuple_1.py # ‘
28 (f"len(1): (len(1)}") U Gl 20, 30y T rYhen fupte-tpY
29 (f"1l.count (20): {1. (20) }") m: (30, 20, 10)
30 mEO}: 30
m{1]: 20
31 (F"1+m: {1+m} ") n[2]: 16
1==m: False
32 1==[10,20,30]: False
33 p = (1, 'hello', , | (B+10,] 'world'))) et
34 1: (10, 20, 30)
35 (£"p: {p}") eount(20): 1
" " 1+m: (10, 20, 30, 30, 20, 10)
§ Ecn
" . A [1]: hell
39 (f"p [3] . {p[ ] }") p[3]: (13, 'world')
40 (£"p[31[0]: [BL3IE0T]™) PEA0T: worte
41 (f"p[3][1]1: {pI[31[1]1}") tuples are immutable

q: (10, 20, 30)

42
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&
File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window ?

= -.(' [ s Iy = v _:: I F 1
o= B 4 [ it =1 - EEEER [o] =] c:\Windows\System32\cmd
.tuple_1.py Bboolj.py 2 ‘
I some basic bool examples. :‘fpkig are 1';'2‘;““9
2 id(q): 2544118069376
1 = list(q)
EEN < = i
ql.reverse()
4 y = ql.append(90)
g = tuple(ql)
5 If really, really need to change a tuple, conver
6 (an: {X}") t it to a list.
L ; q: (3(:), 20, 10, 90)
] (£"v: {y}™) id(q): 2544118268288
8 C:\CS1_S26\website\demo>python bool_1.py
9 (f"not (x): {not(x)}") X: ;r%e
y: False
10 (f"x and y: {x and_y!") not(x): False
" . 1P x and y: False
11 (ft"x and not y: {x and mot vy|}! )_‘ o) b e T
12 (f"X or Vv-: {X or y}") True or y: True
13 R Short circuit evaluations
1l1]: 20
| | | 1i[1]
14 ("Short circuit evaluatlons")E tlfllt true
S True ] - 4
15 11 = [ ’ 1 Index out of range error for Lli[K]
Wy . : " x or li[k]: true
16 ] . (£"11f{1]: {13[11}%) Index out of range error for 'x and li[k]'
17 if 11[1]: and 1i[k]: false
y
18 (f"li [1] . true") Index out of range error for 'y or li[k]

10 "alea- C:\CS1_S26\website\demo>|
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L1 T T UILIOALIIVO
>>>x = True
>>>y = False
>>>x and y

False

|

>>>y and x &
False
NSNS

X is not evaluated as 'y and x' is
false (since y is false): short-

Lcircuited evaluation.
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>>>

i

10
>>>type (1)

<class 'int'> .
S5>i .bit count () ’(d_ata typel/class of i is

2 4_/‘\<|nt>
>>>1.upper () « E

Traceback (moSTessgcent callf;;;gr?“-\\\\\\

File "<pyshell#4>", =1, in <module>
i.upper () ~§\\\§\\§\

AttributeError: 'int' object has no at 'upper’

>>> —

-

A method of an
object is also an
attribute of the
object.

bit_count() is a
method of int data
type, but not

_upper()
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\- & YL Yo 1A ML VT ql.reverse()

13 ql.append(90)

i i i g = tuple(ql)
14 ("Short circuit evaluatilions™) If really, really need to change a tuple, conver

= t it to a list.
15 11 = [ r e 1 . q: (30, 20, 10, 90)
16 nt (" 13i[1]: {1i[11}") id(q): 2544118268288
17 Eif 11[1] ‘: C:\CS1_S26\website\demo>python bool_1.py
18 (f"1i[1]: true™) x: True
y: False
19 Eelse : not(x): False
20 (f"1i[1]:| false |") 223 )r:;tF;}S%ue
21 y: True
29 Conditi_on:.nee.o_ls a Boolean bool is an int: 0 --> 12?5-C§ECUR evaluations
53 value. li[1]: 20: int --> True False; otherwise --> Lil1]: true
True k: u

24 Index out of range error for Lli[K]
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[

File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window 2 e <

= I [ s Iy = v = I -
o= B o [l D e #h g - =1 - E=EBEDE (o] i
.tuple_1.py Hboolj.py 2 ‘

22 k = x and not y: True

. X or y: True
23 (f "k { k} " ) E li = [1 O’ZO] J Short circuit evaluations
1if1]: 20
54 ( il1] :
o5 try: try-except statement allows exception
I " (runitme error) handling. The program  § error for li[k]

can then continue. Unhandled runtime

26 [E if|1i[k]lk
print(f"1i[kl~ tterrorterminatesaprogram.

2°1

error for 'x and l1i[k]'

28 Eexcept lnNnaexkrror. | Index out of range error for 'y or li[k]'
1A :
29 ("Index out of rangeNerror for lq C:\CS1_S26\website\demo>python bool_1.py
30 x: True
31 Etry: :
32 o if x or 1i[k]: x ad y: False
33 (f"x or 1li[k]: true")
Short cir
34 H else: 1i[1]: 20
B (f"x or 1lif[k]: false")
36 ‘except . Index out of range error for lil[k]
0 " ¥ x or Li[k]: true
37 ("Index out of range errot tor Index out of range error for 'x and li[K]'
38 y and li[k]: false
39 try' Index out of range error for 'y or li[k]'
1N E - ST, TR SRR I ST S . N\ . S\ Al
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>>>1i = [10,20]
>>>k = 4 A/L runtime error (exception)
>>>11 [k]

Traceback (most recent call last):

File "<pyshell#20>", line 1, in <module>
r TR
IndexError:} list index out of range

>>>k =1 .

>>> 11 [K] k =1 => no runtime error.
20
|
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File Edit Search View Encoding Language Settings Tools Macro Run Plugins Window 2

ol S40EIC iy «- =1 - EEETE /el =] c\Windows\System32\cmd X
.tuple_1.py Hboolj.py 2 ‘
. x and not y: True
31 Ftry - . x: True, k: 4 x or y: True
32 if |x or 11i[k]l: Short circuit evaluations
- : 1i[1]: 20
33 (t"x or 1li[k]: true™) li[1]: true
34 else: 2
. . . Index out of range error for Lli[K]
35 (f"x or 1if[k]: false") x or Li[K]: true
el: Texcept . ;ngﬁg %:Ekﬁf ;2?2: error for 'x and li[K]
37 ("Index out of randge error fHTr 'x UL ECECEEEUERE TR TR IS ICI L
38 li[k]: li[4]: IndexError if C:\CS1_S26\website\demo>python bool_1.py
39 try: evaluated. Python evaluate only x: True
40 E if x an X butno lilk] because "x or y:tlzagseF .
" not(x): False
11 | w_hatgver is Tru_e. Short _ B x and y: False
circuited evaluation means li[K] x and not y: True
42 B else: is not evaluated, no IndexError x or y: True ,
473 \ % ,,) Short circuit evaluations
. ° 1i[1]: 20
44 except : ti[Lll]: true
45 © ("Index out of range error f0r X |yt SR ET
46 x or li[k]: true
Index out of range error for 'x and li[K]'
4] try: y and li[Kk]: false
49 if y and 11i[k]: Index out of range error for 'y or li[k]'

AQ (£"x7 andA T3 Tkl t+tri1ia") C:\CS1_S26\website\demo>|
Python file length: 1,298 lines: 63 Ln: 3 5
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dl = {}

dl['world']
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File "<pyshell#26>",

dl['world']

KeyError:

'world'

line 1,

in <module>
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>>>

>>>1

>>>

No need to declare the variable i.

A

% - n 10 Python can infer that the data type of i
id (i) ‘ is int. It uce= 28 Bytes to store the int
140723648754888 [ object.

sys.getsizeof (i

28

iis now assigned to a new value. Python creates a

i = 'hello darkness, my old friend' new object that stores the new value. It infers that
id(i) a— (e theneab et the new ob]ect isa strlng and uses 70 Bytes to
3166442333616 .

sys.getsizeof (i)

70
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>>>'s

>>>

('h',

'hello, world'
>>>1ist (s)

-~ s, a string <str> is a sequence of character.

'l', 'O', |,|, v |, |w|, 'O', 'I', 'l', 'd']

Convert a string s to a list (a sequence; order matters)
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