
Objective:  To understand priority queue implementations in Python including linked and heap-based array
implementations, including being able to determine the big-oh of each operation.  

Background:  Read sections 15.6 and 18.9 - 18.11 from the Lambert text.  A priority queue is NOT a FIFO
queue.  Instead, each item added to a priority queue has an associated priority.  When a dequeue occurs, the
item with the highest associated priority is returned.  (Unfortunately, the textbook defines the highest priority
to be the lowest valued priority.)
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To start the lab:  Download and unzip the file at:  www.cs.uni.edu/~fienup/cs052sum09/labs/lab6.zip

Two problems occur when implementing a priority queue:  
1)  some items don't have a nature priority associated with them, so a Comparable wrapper class can be used
to associate a priority.  The code for the Comparable class (section 15.6) is:

class Comparable(object):
    """Wrapper class for items that are not compara ble."""

    def __init__(self, item, priority):
        self._item = item
        self._priority = priority

    def __cmp__(self, other):
        if type(other) != type(self):
            raise TypeError, "Type must be Comparab le"
        return cmp(self._priority, other._priority)

    def getItem(self):
        return self._item

    def __str__(self):
        return str(self._item)

2)  the items must be ordered by priority on enqueuing or items must be search by priority on dequeuing.  

Part A:  The queue.py  file contains a subclass of LinkedQueue , called LinkedPriorityQueue ,
which maintains the items in the linked list in sorted order by priority.  To do this the enqueue method
searches and inserts the new item into the correct spot based on its priority.  For example, consider enqueuing
‘a’ with a priority of 7 into the following priority queue, myQueue by the method call:  

myQueue.enqueue(Comparable(‘a’, 7)):
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 "Abstract  Priority Queue myQueue" 'w' 'x' 'y'

'a'

front rear

(4) (5) (9)

(7)

(priorities in parenthesis)

a)  An advantage of this implementation is that LinkedPriorityQueue  can inherit all of
LinkedQueue  with only the enqueue  method being overridden.  What would be the expected big-oh
notation for the LinkedPriorityQueue ’s  enqueue  method?  Assume “n" items in the queue.

b)  An alternate approach would be to always add a new item at the “rear” of the queue.  This would
necessitate a change in the dequeue  method to involve a search for and removal of the highest priority
item.   Using this approach, create a new subclass AltLinkedPriorityQueue  that inherit from the
LinkedQueue  class.  You can reuse the menu-driven testQueue function from Part A of Lab 5 to
thoroughly test your new  AltLinkedPriorityQueue  class.

 
c)  Complete the expected big-oh notation for each queue method for this AltLinkedPriorityQueue
class.  Assuming "n" items in the queue.

__str__()__len__()isEmpty()peek()enqueue(item)dequeue()

d)  Which of the linked priorty queue implementations (LinkedPriorityQueue , or
AltLinkedPriorityQueue ) would probably require less execution time in most applications?  (Explain
your answer)
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Part B:  Any intuitive Array-based priority queue implementation would involve either:
I. maintaining the items in the Array in sorted priority order, e.g., 

 "Abstract  Priority Queue" 'w' 'x' 'y'
(4) (5) (9)(priorities in parenthesis)

 0 1 2

Enqueuing a new item would be very much like the inner-loop of insertion sort, i.e., scan the “sorted”
items from right-to-left looking for (and shifting to the right) the spot where to insert.

II. maintaining the items in NO order  (and just add a new item to the right end of the Array), e.g.,

 "Abstract  Priority Queue" 'w' 'x''y'
(4) (5)(9)(priorities in parenthesis)

 0 1 2

Dequeuing involves searching for the “highest” priority item and removing it by sliding all the item to its
right “down” to fill the hole.

a)  Complete the expected big-oh notation for each queue method using the above Array-based
implementatons.  (You DO NOT need to actual implement them.)

II. unsorted
     items

I. sorted      
    items

__str__()__len__()isEmpty()peek()enqueue(item)dequeue()Implementation

Sections 18.9 - 18.11 discuss a very “non-intuitive”, but powerful list/array-based approach to implement an
priority queue, call a heap.  The list/array is used to store a complete binary tree (a full tree with any
additional leaves as far left as possible) with the items being arranges by heap-order property, i.e., each node
is less than either of its children.  An example of a heap “viewed” an a complete binary tree would be:

  6

15 10

114 20 5020

300 125  117

[0]

[1] [2]

[3] [4] [5] [6]

[7] [8] [9]

b)  For the above heap, the list/array indexes are indicated in [ ]'s.  For a node at index i,  what is the index of:
� its left child if it exists:

� its right child if it exists:

� its parent if it exists:
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c)  Because of the heap-order property, where would the smallest node in the heap be located?

d)  What would the above heap look like after adding 8?

e)  In general, what would be the height of a heap containing n nodes?

f)  Use the file timePriorityQueues.py  to time the enqueuing of 10,000 items onto a priority queue
and then dequeuing them off.  Complete the following timing table:

HeapPriorityQueue

LinkedPriorityQueue

Time (seconds) to pop
10,000 items

Time (seconds) to push 
10,000 items

� Explain why one implementation is so much slower that the other.

� For the HeapPriorityQueue, why do you suppose it takes less time to enqueue the same number of
elements than to dequeue them?
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