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•Objects represent information
•They consist of data and behavior, bundled together to create abstractions
•Objects can represent things, but also properties, interactions, & processes
•A type of object is called a class; classes are first-class values in Python
•Object-oriented programming:
•A metaphor for organizing large programs
•Special syntax that can improve the composition of programs

•In Python, every value is an object
• All objects have attributes
• A lot of data manipulation happens through object methods
• Functions do one thing; objects do many related things
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Dictionaries are unordered collections of key-value pairs

Dictionary keys do have two restrictions:

•A key of a dictionary cannot be a list or a dictionary (or any mutable type)

•Two keys cannot be equal; There can be at most one value for a given key

This first restriction is tied to Python's underlying implementation of dictionaries

The second restriction is part of the dictionary abstraction

If you want to associate multiple values with a key, store them all in a sequence value: 
{'odds': [1, 3, 5], 'evens': [2, 4, 6]}
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An immutable sequence may still change if it contains a mutable value as an element

>>> turtle = (1, 2, 3)
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4
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>>> s[0] = 4
ERROR

>>> s = ([1, 2], 3)
>>> s[0][0] = 4

>>> x + x 

>>> x + x 

Next lecture: ooze can 
change turtle's binding



Tuples are Immutable Sequences

Immutable values are protected from mutation

13

The value of an expression can change because of changes in names or objects

An immutable sequence may still change if it contains a mutable value as an element

>>> turtle = (1, 2, 3)
>>> ooze()
>>> turtle
(1, 2, 3)

>>> turtle = [1, 2, 3]
>>> ooze()
>>> turtle
['Anything could be inside!']

>>> x + x 

>>> x + x 

Name change: Object mutation:

>>> x = 2

4
>>> x = 3

6

>>> x = [1, 2]

[1, 2, 1, 2]
>>> x.append(3)

[1, 2, 3, 1, 2, 3]
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Tuples are Immutable Sequences

Immutable values are protected from mutation

13

The value of an expression can change because of changes in names or objects

An immutable sequence may still change if it contains a mutable value as an element

>>> turtle = (1, 2, 3)
>>> ooze()
>>> turtle
(1, 2, 3)

>>> turtle = [1, 2, 3]
>>> ooze()
>>> turtle
['Anything could be inside!']

>>> x + x 

>>> x + x 

Name change: Object mutation:

>>> x = 2

4
>>> x = 3

6

>>> x = [1, 2]

[1, 2, 1, 2]
>>> x.append(3)

[1, 2, 3, 1, 2, 3]

>>> s = ([1, 2], 3)
>>> s[0] = 4
ERROR

>>> s = ([1, 2], 3)
>>> s[0][0] = 4
>>> s
([4, 2], 3)

>>> x + x 

>>> x + x 

Next lecture: ooze can 
change turtle's binding
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• This view is no longer valid in the presence of change

• A compound data object has an "identity" in addition to the pieces of which it is composed
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>>> a = [10]
>>> b = [10]
>>> a == b
True
>>> b.append(20)
>>> a
[10]
>>> b
[10, 20]
>>> a == b
False

>>> a = [10]
>>> b = a
>>> a == b
True
>>> a.append(20)
>>> a == b
True
>>> a
[10, 20]
>>> b
[10, 20]
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Mutable Default Arguments are Dangerous

A default argument value is part of a function value, not generated by a call

17Interactive Diagram

>>> def f(s=[]):
...     s.append(3)
...     return len(s)
... 
>>> f()
1
>>> f()
2
>>> f()
3

Each time the function 
is called, s is bound 
to the same value!


