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What does this code do?

def f(y):

y[2] = 6

y = None

x = range(5)

print x    # [0,1,2,3,4]

f(x)

print x    # ????



References

• In Python, every variable stores a reference to 
an object

• Similar to Java, in this way

• Can have multiple references to the same 
object, or none



Back to the Example

• x and y reference the same object

• So f sets x[2] to be 6

• Setting y to be None does not change x

def f(y):

y[2] = 6

y = None

x = range(5)

print x    # [0,1,2,3,4]

f(x)

print x    # ????



Back to the Example

x

[0,1,2,3,4]

def f(y):

y[2] = 6

y = None

x = range(5)

print x    # [0,1,2,3,4]

f(x)

print x    # ????



Back to the Example

x

[0,1,2,3,4]

y

def f(y):

y[2] = 6

y = None

x = range(5)

print x    # [0,1,2,3,4]

f(x)

print x    # ????



Back to the Example

x

[0,1,6,3,4]

y

def f(y):

y[2] = 6

y = None

x = range(5)

print x    # [0,1,2,3,4]

f(x)

print x    # ????



Back to the Example

x

[0,1,6,3,4]

y

def f(y):

y[2] = 6

y = None

x = range(5)

print x    # [0,1,2,3,4]

f(x)

print x    # ????

None



Back to the Example

x

[0,1,6,3,4]

def f(y):

y[2] = 6

y = None

x = range(5)

print x    # [0,1,2,3,4]

f(x)

print x    # [0,1,6,3,4]



Python Lists

• Easily append to the end

• To remove from the front, need to shift entire 
list down one slot in memory

• To do this on a list with N elements requires N 
operations

• Very inefficient implementation of a queue



Linked List

• A linked list is either

– None (the empty list)

– A pair (data, next) where data stores some value, 
and next is another linked list



Linked List

• A linked list is either

– None (the empty list)

– A pair (data, next) where data stores some value, 
and next is another linked list

None

head
data next data next data next

‘a’ ‘b’ ‘c’



Linked List

• Condensed drawing; data reference on the 
left, next pointer on the right

None

head

‘a’ ‘b’ ‘c’
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Searching

• Search through the list, looking for a data field 
which matches our target



Searching

• Search the list for ‘c’

None

head

‘a’ ‘b’ ‘c’



Searching

• Search the list for ‘c’

• Follow next pointers until we hit None or find 
the right node

None

head

‘a’ ‘b’ ‘c’

cur



Searching

• Search the list for ‘c’

• Follow next pointers until we hit None or find 
the right node

None

head

‘a’ ‘b’ ‘c’

cur



Searching

• Search the list for ‘c’

• Follow next pointers until we hit None or find 
the right node

None

head

‘a’ ‘b’ ‘c’

cur



Searching

• Search the list for ‘c’

• Follow next pointers until we hit None or find 
the right node

None

head

‘a’ ‘b’ ‘c’

cur



Searching

• Search the list for ‘d’

None

head

‘a’ ‘b’ ‘c’



Searching

• Search the list for ‘d’

None

head

‘a’ ‘b’ ‘c’

cur



Searching

• Search the list for ‘d’

None

head

‘a’ ‘b’ ‘c’

cur



Searching

• Search the list for ‘d’

None

head

‘a’ ‘b’ ‘c’

cur



Searching

• Search the list for ‘d’

None

head

‘a’ ‘b’ ‘c’

cur



Searching

• Search the list for ‘d’

• Reached the end of the list, we can proclaim 
failure

None

head

‘a’ ‘b’ ‘c’

cur
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Insertion

• Where?

• Insert to the beginning?  The end?  
Somewhere in the middle?



Insert Front

• Insert ‘d’ into the front of the list

None‘a’ ‘b’ ‘c’

head



Insert Front

• Create a new node d

None‘a’ ‘b’ ‘c’

head
‘d’

d

None



Insert Front

• Set head of list to refer (point) to new node

None‘a’ ‘b’ ‘c’

head
‘d’

d

None



Insert Front

• Set head of list to refer (point) to new node

None‘a’ ‘b’ ‘c’

head
‘d’

d

None



Insert Front

• Now set d.next to point to the previous 
starting point…

None‘a’ ‘b’ ‘c’

head
‘d’

d

None



Insert Front

• blerg

None‘a’ ‘b’ ‘c’

head
‘d’

d

None



Insert Front

• blerg

None‘a’ ‘b’ ‘c’

head
‘d’

d

None



Insert Front (take 2)

• Create a new node d

None‘a’ ‘b’ ‘c’

head
‘d’

d

None



Insert Front (take 2)

• Create a new node d

None‘a’ ‘b’ ‘c’

head
‘d’

d

None



Insert Front (take 2)

• Set d.next = head

None‘a’ ‘b’ ‘c’

head
‘d’

d



Insert Front (take 2)

• Set head = d

None‘a’ ‘b’ ‘c’

head
‘d’

d



Insert In the middle

• Insert ‘d’ after ‘b’

None‘a’ ‘b’ ‘c’

head



Insert In the middle

• Find ‘b’ (using our search function)

None‘a’ ‘b’ ‘c’

head

cur



Insert In the middle

• Create our new node d

None‘a’ ‘b’ ‘c’

head

cur

‘d’

d

None



Insert In the middle

• Now, it’s a lot like inserting into the front

None‘a’ ‘b’ ‘c’

head

cur

‘d’

d

None



Insert In the middle

• Set d.next to cur.next

None‘a’ ‘b’ ‘c’

head

cur

‘d’

d



Insert In the middle

• Set cur.next to d

None‘a’ ‘b’ ‘c’

head

cur

‘d’

d



Insert In the middle

• Success!

None‘a’ ‘b’ ‘c’

head
‘d’

d



Insertion

• In summary, we can insert after any element 
of the list (this also covers at end of list)

• What about before an element?
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Removal

• Remove (all) of the occurrences of some 
target value in the list

• Remove the first/list/ith element from the list



Removal from Front

• Removing the first element of the list

None‘a’ ‘b’ ‘c’

head



Removal from Front

• Removing the first element of the list

• head = head.next

None‘a’ ‘b’ ‘c’

head



Removal from Front

• Removing the first element of the list

• head = head.next

• Reference to red node is lost (this is fine)

None‘a’ ‘b’ ‘c’

head



Removal From Middle

• Let’s say we want to remove the first element 
in our list with data = ‘b’

None‘a’ ‘b’ ‘c’

head



Removal From Middle

• First, search for it

None‘a’ ‘b’ ‘c’

head

cur



Removal From Middle

• First, search for it

None‘a’ ‘b’ ‘c’

head

cur



Removal From Middle

• Now, remove it…?

None‘a’ ‘b’ ‘c’

head

cur



Removal From Middle

• In order to remove a node, we need a 
reference to the previous node

None‘a’ ‘b’ ‘c’

head



Removal From Middle

• In order to remove a node, we need a 
reference to the previous node

• Check cur.next.data == ‘b’

None‘a’ ‘b’ ‘c’

head



Removal From Middle

• In this case, that happens at the beginning

None‘a’ ‘b’ ‘c’

head

cur



Removal From Middle

• Simply set cur.next = cur.next.next

None‘a’ ‘b’ ‘c’

head

cur



Removal From Middle

• Simply set cur.next = cur.next.next

None‘a’ ‘b’ ‘c’

head

cur



Removal From Middle

• Simply set cur.next = cur.next.next

• Reference to node with data ‘b’ lost (that’s 
fine)

None‘a’ ‘b’ ‘c’

head

cur



Removal From Middle

• This procedure also works for removing the 
last node

None‘a’ ‘b’ ‘c’

head

cur
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Hints for Part 1 of Assignment

• It may be useful to keep a reference to the 
head and the tail of the linked list when 
implementing a queue (think about inserting 
an element at the end of the list)

• Should not need a pointer to the tail of the list 
when implementing a stack

• May need to store other attributes to handle 
some of the operations…



Doubly Linked Lists

• One (of many) variations on the linked list 
structure

None‘a’ ‘b’ ‘c’

head



Doubly Linked Lists

• In addition to next references, each node 
contains a reference to the previous node

None‘a’ ‘b’

head

‘c’



Doubly Linked Lists

• How do our algorithms change when dealing 
with a doubly linked list?

None‘a’ ‘b’

head

‘c’



Searching a Doubly Linked List

• Search remains the same… follow next 
references until we find what we are looking 
for, or hit None

None‘a’ ‘b’

head

‘c’



Inserting into a Doubly Linked List

• How would we insert a new node after ‘a’?

None‘a’ ‘b’

head

‘c’



Inserting into a Doubly Linked List

• Create the new node d (with data ‘d’)

None‘a’ ‘b’

head

‘c’

‘d’



Inserting into a Doubly Linked List

• Get a pointer to the node we want to insert d 
after

None‘a’ ‘b’

head

‘c’

‘d’

cur



Inserting into a Doubly Linked List

• d.next = cur.next

None‘a’ ‘b’

head

‘c’

‘d’

cur



Inserting into a Doubly Linked List

• d.prev = cur

None‘a’ ‘b’

head

‘c’

‘d’

cur



Inserting into a Doubly Linked List

• d.next.prev = d

None‘a’ ‘b’

head

‘c’

‘d’

cur



Inserting into a Doubly Linked List

• cur.next = d

None‘a’ ‘b’

head

‘c’

‘d’

cur



Inserting into a Doubly Linked List

• Done!

None‘a’ ‘b’

head

‘c’

‘d’



Inserting into a Doubly Linked List

• Insertion to front/back needs to be handled 
specially

None‘a’ ‘b’

head

‘c’

‘d’



Removing from a Doubly Linked List

• How do we remove ‘d’?

None‘a’ ‘b’

head

‘c’

‘d’



Removing from a Doubly Linked List

• First, have to search for it…

None‘a’ ‘b’

head

‘c’

‘d’



Removing from a Doubly Linked List

• First, have to search for it…

None‘a’ ‘b’

head

‘c’

‘d’

cur



Removing from a Doubly Linked List

• What needs to be updated?

None‘a’ ‘b’

head

‘c’

‘d’

cur



Removing from a Doubly Linked List

• cur.prev.next = cur.next

None‘a’ ‘b’

head

‘c’

‘d’

cur



Removing from a Doubly Linked List

• cur.next.prev = cur.prev

None‘a’ ‘b’

head

‘c’

‘d’

cur



Removing from a Doubly Linked List

• Done!

None‘a’ ‘b’

head

‘c’



Removing from a Doubly Linked List

• Again, additional care needs to be taken to 
remove from the front/back

None‘a’ ‘b’

head

‘c’



What Do We Gain?

• Why doubly linked?

• Insert/remove from both the front AND the 
back easily (by storing a tail pointer)

• Good for efficiently implementing a Deque
(double ended queue; insert/remove from 
front and back of queue)

• Efficiently iterate over elements in reverse 
order


