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Announcements

- my website is updated with slides and discussion 
solutions 

- review session on Monday 5pm - full schedule on Piazza
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• A tree consists of a label, along with a list of branches, 
each of which are themselves trees.


• This is a recursive definition, can you see why?


• Leaves are trees too! They just don’t have any branches 
of their own.
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• A tree consists of a label, along with a list of branches, 
each of which are themselves trees.


• This is a recursive definition, can you see why?


• Leaves are trees too! They just don’t have any branches 
of their own.

Trees - Designing an ADT
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Trees - Designing an ADT
# Constructor 
def tree(label, branches=[]):  
    for branch in branches: 
        assert is_tree(branch) 
    return [label] + list(branches) 

# Selectors 
def label(tree): 
    return tree[0] 

def branches(tree): 
    return tree[1:] 

def is_leaf(tree): 
    return not branches(tree) 



Worksheet Practice!

Work on problems 1.1-1.4! 
(Hint: 1.1, 1.2, and 1.3 are very similar) 

Make sure you have a chance to look at 1.4,  
even if you don’t finish all of 1.1-1.3.



Box and Pointer Diagrams
how do you draw lists on environment diagrams?



Box and Pointer Diagrams
how do you draw lists on environment diagrams?



Box and Pointer Diagrams
how do you draw lists on environment diagrams?



Box and Pointer Diagrams
how do you draw lists on environment diagrams?



Box and Pointer Diagrams
how do you draw lists on environment diagrams?



Sequences
(and lists in particular)

what sequences do you know of?



Sequences
(and lists in particular)

what sequences do you know of?

lists

- mutable

[‘f’, ‘i’, ’n']



Sequences
(and lists in particular)

what sequences do you know of?

lists tuples

- mutable - immutable

(’f’, ‘i’, ’n’)[‘f’, ‘i’, ’n']



Sequences
(and lists in particular)

what sequences do you know of?

lists tuples strings
[‘f’, ‘i’, ’n'] “blubber”

- mutable - immutable - a sequence of 
only characters, 
essentially:

[‘b’, ‘l’, ‘u’, ’b’, ‘b’, ‘e’, ‘r’]

(’f’, ‘i’, ’n’)
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Working with Sequences
(and lists in particular)

Useful list methods

len - gets the length of a list, the 
number of elements it has

>>> intake[0] 
“plankton”

in - checks if an element is in a list

<list>[<index>] - gets an 
element out of a list (remember that 
lists are 0 indexed)

len - gets the length of a list, the 
number of elements it has

>>> “water” in intake 
True

>>> len(intake) 
3

>>> intake = [“plankton”, 
“krill”, “water”]
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1. WWPD, basics
>>> a = [1, 2, [4,5,6]] 
>>> print(a[0], a[-1]) 
1 [4, 5, 6] 
>>> len(a) 
3 
>>> 2 in a 
True 
>>> 4 in a 
False 
>>> a[2][3] 
Error 
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Slicing Sequences
(and lists in particular)

<list>[<start>:<stop>] - returns the 
part of a list between <start>, inclusive, and 
<stop>, non-inclusive

<list>[<start>:<stop>:<step>] - 
returns the part of a list between <start>, 
inclusive, and <stop>, non-inclusive

Two ways to slice
>>> friends = 
[“squid”, “dolphin”, 
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Slicing Sequences
(and lists in particular)

>>> friends[0:3:2] 
[“squid”, “porpoise”]

Basic Syntax

<list>[<start>:<stop>:<step>] - 
returns the part of a list between <start>, 
inclusive, and <stop>, non-inclusive

<list>[<start>:<stop>] - returns the 
part of a list between <start>, inclusive, and 
<stop>, non-inclusive

>>> friends = 
[“squid”, “dolphin”, 
“porpoise”, “hippo”]

>>> friends[0:2] 
[“squid”, “dolphin”]
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2. WWPD, slicing
>>> a = [1, 2, [4, 5, 6], 7] 
>>> a[:] 
[1, 2, [4, 5, 6], 7] 
>>> a[0:3] 
[1, 2, [4, 5, 6]] 
>>> a[::2] 
[0, [4, 5, 6]] 
>>> a[-3:-1] 
[2, [4, 5, 6]] 
>>> a[4:2] 
[] 

if the slice is invalid, Python will 
just return the empty list!
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List Comprehensions
construct lists out of previously existing sequences!

Basic Syntax: 
[<expression> for <element> in <sequence>]

Extra Syntax: 
[<expression> for <element> in <sequence> if <condition>]

>>> price = 2.5 #price per cubic meter of aquarium 
>>> aquariums = [10, 20, 25, 40, 50] #sizes in sqft 
>>> [price * c for c in aquariums if c > 30] 
[100, 125]

>>> price = 2.5 #price per cubic meter of aquarium 
>>> aquariums = [10, 20, 25, 40, 50] #sizes in sqft 
>>> [price * c for c in aquariums] 
[25, 50, 62.5, 100, 125]
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3. WWPD, list comps
>>> [i + 1 for i in [1, 2, 3, 4, 5] if i % 2 == 0] 
[3, 5] 

>>> [i * i - i for i in [5, -1, 3, -1, 3] if i > 2] 
[20, 6, 6] 

>>> [[y * 2 for y in [x, x + 1]] for x in [1, 2, 3, 4]] 



3. WWPD, list comps
>>> [i + 1 for i in [1, 2, 3, 4, 5] if i % 2 == 0] 
[3, 5] 

>>> [i * i - i for i in [5, -1, 3, -1, 3] if i > 2] 
[20, 6, 6] 

>>> [[y * 2 for y in [x, x + 1]] for x in [1, 2, 3, 4]] 
[[2, 4], [4, 6], [6, 8], [8, 10]]
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Data Abstraction

def x(coord): 
  return coord[0] 
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  return coord[1]
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Data Abstraction

def x(coord): 
  return coord[0] 
def y(coord): 
  return coord[1]

selectors

hide away details that users don’t need to know about

okay… 
So what can we do with a Coordinate?

def Coordinate(x, y): 
  return [x, y] 

constructor

methods
def distance(a, b): 
  """ pythagorean distance formula! """ 
  x_dist = x(a) - x(b) 
  y_dist = y(a) - y(b) 
  return sqrt(x_dist**2 + y_dist**2) 
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Data Abstraction - Why?
1. simplicity for the user!


• As a user of Coordinate, all you need is:


2. interchangeability of constructor/selectors


• If I rewrote the Coordinate ADT to look like this…


3. inheritance*

(seems like a lot of work to write an ADT)

*you don’t need to know what this means yet, we’ll talk about it with OOP

Coordinate(x, y) 
x(coord) 
y(coord) 
distance(a, b)

def Coordinate(x, y): 
  return (x, (y)) 
def x(coord): 
  return coord[0] 
def y(coord): 
  return coord[1][0] 



Data Abstraction - Why?
1. simplicity for the user!


• As a user of Coordinate, all you need is:


2. interchangeability of constructor/selectors


• If I rewrote the Coordinate ADT to look like this…


it would still work the same for the user! 


3. inheritance*

(seems like a lot of work to write an ADT)

*you don’t need to know what this means yet, we’ll talk about it with OOP

Coordinate(x, y) 
x(coord) 
y(coord) 
distance(a, b)

def Coordinate(x, y): 
  return (x, (y)) 
def x(coord): 
  return coord[0] 
def y(coord): 
  return coord[1][0] 
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Remember list slicing?
<list>[<start>:<stop>] - returns the 
part of a list between <start>, inclusive, and 
<stop>, non-inclusive

If I wrote this:
>>> a = [1,2,3] 
>>> b = a[2:]

Question:  
b is the result of a list slice of a. Did this slice mutate a or create a new list?

it created a new list - we’re trying to slice out part 
of an old list, but we don’t want to be changing 

that old list!

Examining List Slicing
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List Mutation
the central question - does it mutate or create a new list?

For each of the following, decide whether it mutates or creates a 
new list, i.e. is lst the same or a new list? 

• lst = lst[a:b] - a new list, as we said earlier. 

• lst = lst + lst2 - a new list. Adding two lists shouldn’t 
change the originals, it should make a third(new) one! 

• lst += lst2 - the same list. This is slightly different, and tricky! 
This syntax implies that we’re trying to add a second list to the first 
one, so Python just sticks it onto the end of the old list.
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List Mutation
the central question - does it mutate or create a new list?

For each of the following, decide whether it mutates or creates a 
new list, i.e. is lst the same or a new list? 

• lst = lst[a:b] - a new list, as we said earlier. 

• lst = lst + lst2 - a new list. Adding two lists shouldn’t 
change the originals, it should make a third(new) one! 

• lst += lst2 - the same list. This is slightly different, and tricky! 
This syntax implies that we’re trying to add a second list to the first 
one, so Python just sticks it onto the end of the old list. 

• lst = list(lst) - a new list. This is specifically because list 
takes whatever iterable is given and sticks each element into a 
new list, even if the original iterable was already a list.
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Methods that Mutate
some more methods that add to a list

• lst.append(elem) 

• Adds elem to the end of lst 

• Increases list length by ONE always 

• lst.extend(seq) 

• Adds elements in seq to the end of lst 

• lst.insert(i, elem) 

• Inserts elem into lst at index i 

• The rest of the elements get pushed rightwards

*All of these return None!
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Methods that Mutate
some more methods that remove from a list

• lst.remove(elem) 

• Removes the first instance of elem in lst 

• Throws ValueError if elem is not in lst 

• Returns None 

• lst.pop()/lst.pop(i) 

• In the first case, removes the last element of lst 

• In the second case, removes the ith element from lst 

• Returns the removed element!



Worksheet Practice!

Work on problems 2.1-2.3! 
It’s okay if you don’t get to 2.3, just make sure 
you’re extra careful on the WWPD in 2.1.



Thanks for coming.
Have a great rest of your week! :)

Attendance: links.cs61a.org/albert-disc

Slides: albertxu.xyz/teaching/cs61a/

http://links.cs61a.org/albert-disc
http://albertxu.xyz/teaching/cs61a/

