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Topics

e Stacks
* Queues



Stacks



Last In, First Out (LIFO)

* Data elements can only be
inserted at the end

* push

* Can only be deleted from
the end

* POp

* Can only be read from the
end

e peek

—
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Stack Operations

Stack operation | Size | Contents Operation results

stack() 0 [] Stack object created, which is empty.

push "egg" 1 ['egg'] One item egg is added to the stack.

push "ham" 2 ['egg', '"ham'] | One more item, ham, is added to the stack.

peek() 2 ['egg', '"ham'] | The top element, ham, is returned.

pop() 1 ['egg’] The ham item is popped off and returned. (This
item was added last, so it is removed first.)

pop() 0 [] The egg item is popped off and returned. (This is
the first item added, so it is returned last.)




Stack Frames and Return Pointers

» Each function call pushes a AT
new stack frame onto the def a():
stack b

a(?
e Stores local variables and print(“done”)
the return pointer
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~ g:) reiurn
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Stack implementation

 With an array
* Fixed length

* With a list
 Variable length



Stack implemented with array

e push may fail because the stack is full

* pop causes an underflow error when the
stack is empty
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Python code for push

* Notice how the array is Initialized

size = 3
data = [0]*(s1ze) #Initialize the stack
top = -1
def push(x):
global top
1f top >= size - 1:
print("Stack Overflow™)
else:
top = top + 1
data[top] = X




pushing onto the stack

. . h('egg")
» Notice that the print )
statement breaks into | push'span®
the internal structure B
push( "'new')
Of the StaCk push('newZ"')
* It isn't possible with
normal StaCk ['egg', "ham', "spam']
Operatlons Stack Overflow
Stack Overflow
* push
* POP

* peek



pop code

def pop():
global top
1f top == -1:
print("Stack Underflow")
else:
top = top - 1
data[top] = 0
return data[top+1]
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pop underflow

print(data[@ : top + 1])
pop()
pop()
pop()

pop()
print(data[@ : top + 1])

['egg’, '"ham', "spam']
Stack Underflow
L]




peek

* Fails on empty
stack

def peek():
global top
1f top == -1:
print("Stack 1s empty")
else:
print(datal[top])




Stack implementation with linked list

class Stack: class Node:
def __init__(self): def __init__(self, data=None):
self.top = None self.data = data
self.size = 0 self.next = None
Push 1n data
elements
L f
Data Data Data Data
- Next > Next > Next > Next » None
I"lo‘p 0‘ut d:it:l Top
ciements




Stack implementation with linked list

* The node class | ctass Node:
def __init__(self, data=None):

| | I | | | |
1SN t qute rlght self.data = data
for a stack self.next = None
Push in data
elements
} Data Data Data Data
» Next > Next > Next > Next %’ » N
Pop out data ' ?
elements fop




Push operation

Push in data

New data elements
ham eo
spam - £8
S next > next » None
next [t-. (D .
~ |
e, @ ................. top
spam ham egg
next > next > next —» None




Inserting an item into an empty stack

def push(self, data):
# create a new node
node = Node(data)
1f self.top:
node.next = self.top
self.top = node
else:
self.top = node
self.s1ze += 1

New data

CEE

Empty stack

next » Nong

top




Creating a stack of three elements

words = Stack()

* while loop words.push('egg")
. words .push( "ham")
agaln reaCheS words.push('spam"’)

intO the NOde #print the stack elements.
CIaSS not using current = words.top

while current:

StaCk print(current.data)
OperatiOnS current = current.next
spam
ham

€99




pop operation
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pop on a stack with one element

def pop(self):

1f self.top:
data = self.top.data
self.size -= 1

1f self.top.next: #check if there is more than one node.
self.top = self.top.next
else:
self.top = None
return data
else:
print("Stack 1s empty")

cgg None
p
| - next » None '
I’np out data T
elements

After deleting this node,

top .
the stack will become empty.




Code for Demonstration

def init_ (self, data=None):
self.data = data
self.next = None

class Stack:
def  init (self):
self.top = None
self.size = 0
def push(self, data):

node = Node(data)

if self.top:
node.next = self.top
self.top

self.top

self.size +=

def pop(self):

if self.top:
data = self.top.data
self.size -= 1
if self.top.next:

self.top = self.top.next

self.top = None
return data

print("Stack is empty")

print (words.pop())
print (words.pop())
print (words.pop())




Demonstration

1 words = Stack()

2 words.push('egg")
3 words.push('ham")
4 words.push('spam")
>

6 print(words.pop())

7 print(words.pop())
8 print(words.pop())




peek implementation

def peek(self):
1f self.top:
return self.top.data
else:
print("Stack 1s empty")




Applications of stacks

* Bracket-matching

def check_brackets(expression):

tion.
last = " '
for ch in expression:
if ch in C'{', "[', "("):
brackets_stack.push(ch)
if ch in C'}', "]", "D'):
last = brackets_stack.pop()

1f last == '"{' and ch == "}':
continue

elif last == '"[' and ch == "]":
continue

elif last == '"(' and ch == ")":
continue

else:

return False
1f brackets_stack.size > 0:
return False
else:
return True

brackets_stack = Stack() #The stack class, we defined in previous sec-




Bracket-matching example

sl = (
"{(foo)(bar)}
"{(foo)(bar)}
"{(foo)(bar)}
)

for s 1n sl:

print("{}: 1}

[hello](((this)is)a)test",
[ hello](((this)1is)atest”,

' hello](((this)is)a)test))”

m = check_brackets(s)
".format(s, m))

{(foo)(bar)}[hello](((this)is)a)test: True
{(foo)(bar)}[hello](((this)is)atest: False
{(foo)(bar)}[hello](((this)is)a)test)): False




Queues



Queue: First In, First Out (FIFO)

* Data elements can only be inserted at the rear
* Data elements can only be deleted from the front
* Only data elements at the front can be read

i i i i -
Tunnel l




engueue and dequeue operations
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Queue operations

Queue operation Size | Contents Operation results

queue() 0 [] Queue object created, which is empty.

enqueue- "packt" 1 ['packt'] One item, packt, is added to the queue.

engqueue "publishing" | 2 [ 'packt', 'publishing'] | One more item, publishing, is added to
the queue.

Size() 2 [ 'packt', 'publishing'] | Return the number of items in the
queue, which is 2 in this example.

dequeue() 1 ['publishing'] The packt item is dequeued and re-
turned. (This item was added first, so it
is removed first.)

dequeue() 0 [] The publishing item is dequeued and

returned. (This is the last item added,

so it is returned last.)




Three ways to implement queues

* Python's built-in list
e Stacks
e Node-based linked lists



Python's list-based queues

e Data is stored In a list
e See items

class ListQueue:
def __init__(self):
self.i1tems [ ]
self.front self.rear = 0
self.s1ze = 3 # maximum capacity of the qgueue




Enqueue operation

Indexes—» 0 I & 3 4 5
Empty queue
head/fro\l:t/tail/rea,.
3 Element 3 is enqueued
) to the queue
head/front tail/rear
. . Element // is enqueued
. to the queue
head/front tail/rear
. . - Element 7 is enqueued
7 to the queue




Enqueue code

def enqueue(self, data):
1f self.size == self.rear:
print("\n Queue 1s full™)
else:
self.1tems.append(data)
self.rear += 1

g= ListQueue()
g.enqueue(20)
g.enqueue(30)
g.enqueue(40)
q.enqueue(50)
print(qg.i1tems)

Queue 1s full
[20, 30, 40]




Dequeue operation

head/front tail/rear
Indexes—» 0 | I 2 7 3 4 | S
T [ [ ]
head/front tail/rear
. - | 4 = Element 3 is dequeued
- from the queue
X : '/ oar
head/front wl o
- | 4 - If,lement /1 is dequeued
from the queue
head/front tail/rear
l 4 ) Flement 7 is dequeued
from the queue




Dequeue code

def dequeue(self):
1f self.front == self.rear:
print("Queue 1s empty")
else:

self.rear -= 1
return data

data = self.1tems.pop(@) # delete the item from front end of the queue

* Python's List class has a pop
method, which does these two
things:

e Delete last item from the list
e Returns the deleted item

data = q.dequeue()
print(data)
print(qg.i1tems)

20
[30, 40]




Linked list based queues

class Node(object):
def __init__(self, data=None, next=None, prev=None):
self.data = data
self.next = next
self.prev = prev
class Queue:
def __init__(self):
self.head = None
self.tail = None
self.count = 0




Enqueue operation

Adding new
¢lement in to the
empty queue
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Enqueue
operation

def enqueue(self, data):

new_node = Node(data, None, None)

1f self.head == None:
self.head = new_node
self.tail = self.head

else:
new_node.prev = self.tail
self.tail.next = new_node
self.tail = new_node

self.count += 1

cge ham
next next
Nune previous [ previous
head/
front

spaim

Adding new
—_ data elements
> oext [, (2) g
a—
1 previous | (. new
A e ‘.
tail/rear . ,
end "4 previous

new
w tatl/rear

end

ORI




Dequeue
operation

def dequeue(self):

1f self.count ==
self.count -= 1
self.head = None
self.tail = None

elif self.count > 1:
self.head = self.head.next
self.head.prev = None

elif self.count <1:
print("Queue 1is empty")

self.count -=1
egy ham spam
next A ¥4 > next > next None
None - previous >< T previous 4 previous
>
Nong Py
t 2 4 f
head/ gt tail/rear
front - end




Stack-based queues

* Two approaches
* When the dequeue operation is costly
* When the enqueue operation is costly



Approach 1:
When the dequeue operation is costly

 Use two stacks
* enqueue uses push to add items to the first

stack
enqueue(23) enqueue(13) enqueue(ll)| 11
—) —) s —) ,
- ha
23 23 23

Stack-1 Stack-2 Stack-1 Stack-2 Stack-1 Stack-2 Stack-1 Stack-2




Dequeue operation

 pop elements off stack-1 and push them onto stack-2
* pop top element off stack-2, return this value

e pop remaining elements off stack-2 and push them
onto stack-1

11

13

23

Stack-1

Stack-2

D

Move the
elements from
Stack-1 and
push to
Stack-2

—>

()
W

11

Stack-1

Stack-2

€

Pop the top
clement from

Stack-2

—

23 is
returned as the
output of the
dequeue
operation

13

11

Stack-1

Stack-2

©

Move all the
remaining data

back from
Stack-2 to
Stack-1

—

11

13

Stack-1

Stack-2




Approach 1:
When the dequeue operation is costly

* Time complexity:
* enqueue is O(7)

* Because any element can be added
directly to the first stack

* dequeue is O(n)

e Because all items were transferred from
stack-1 to stack-2, and back



Approach 2:
When the enqueue operation is costly

e Use two stacks

* enqueue moves data from stack-1 to
stack-2 and back

 Complexity O(n)

D @D

Move all the Move all the

elements push the elements
> Joph element /7 to back from
from Stack-1 S ¥ . : 52
and push Stack-2 Stack-2 -
them to Stack-2 ::> to Stack-1

23 —> 13 R | — 3

13 23 23

Stack-1 Stack-2 Stack-1 Stack-2 Stack-1 Stack-2 Stack-1  Stack-2




Dequeue operation

* pop from stack-1, return that value
 Complexity O(7)

I

Stack-1

Stack-2

pop the
element from
Stack-1

p

23 is
returned as the
output of the
dequeue
operation

[

Stack-1

Stack-2




Applications of queues

* Printer queue
* Music playlist






