Priority Queues Data Structure


Priority queues are collections of (comparable) elements of a same type in which minimum is to be served (deleted) next. The crucial operations for this structure are deleteMin, and insert. The following are possible implementations :

	Implementation
	deleteMin time complexity
	insert time complexity


	Partially Ordered Tree
	O(log2n)
	O(log2n)

	Sorted Array
	O(1)
	O(n)

	Unsorted Array
	O(n)
	O(1)


HeapSort Algorithm

Heapsort algorithm is based on :

(i) Process of building a HEAP structure (by repeated insertion of elements into the heap), 

and then

(ii) Repeated issuing of the deleteMin operation and copying the deleted elements into an array.

Time Complexity of HeapSort :


Each insert  takes at most ~log2n and there are n elements to be inserted. Also, each deleteMin  takes at most ~log2n and there are n elements to be deleted. Therefore, it takes at most ~n*log2n time to do the HeapSort and 

THeapSort(n) = O(n*log2n) + O(n*log2n) = O(n*log2n). It should be noted though that it’s possible to construct a heap in O(n) time and the time for the HeapSort can then be characterized as 

THeapSort(n) = O(n) + O(n*log2n)= O(n*log2n).

 HOMEWORK #9a (07/05) :

Given the following elements : 12, 9, 3, 4, 8, 2, 11, 5 apply the HeapSort algorithm to sort them. Show all phases during the sort (all phases of insert operations when building a heap out of these elements, as well as all phases of deleteMin operations when removing the minimal elements and storing them into the sorted array).

PROJECT #2 (07/05) :


Provide a complete implementation for partially ordered trees using arrays. This includes providing a storage space for elements (an array), as well as maintaining the information where in the array is the last element at any given moment. Also, provide the code for deleteMin and insert operations, as well as for any other auxiliary operations along the way. You may assume (life saving simplification) that your partially ordered tree contains ints. Use the programming language of your choice (Java, C++, …).

PROJECT #3 (07/05) :


Provide the implementation for the HEAPSORT algorithm for sorting an array. Use the implementation of partially ordered trees from the Project #2 as a starting point.

Traversals of Binary Trees

Definition : 


A traversal of a graph or a tree is an algorithm for visiting all vertices in it once and only once (there are definitions that relax this into at least once).


Traversals of binary trees are simplified by the fact that each node has at most two children (left and right). The following are the binary tree traversals with their characterizations:

PRE-ORDER : Mark the root first, and then traverse its left subtree, before traversing the right one (root, Left, Right).

IN-ORDER : Traverse the left subtree of the root first, then mark the root, and finally traverse its right subtree (Left, root, Right).

POST-ORDER : Traverse the left subtree of the root first, then the right subtree next, and at the end, mark the root (Left, Right, root).

Example :
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PRE-ORDER (A, B, D, C, E, G, H, F)
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IN-ORDER (D, B, A, G, E, H, C, F)
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POST-ORDER (D, B, G, H, E, F, C, A)
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HASHING and HASH TABLES

Problem : Given a table T {0..m-1} and k1,…,kn keys drawn from some key space K, devise a hash function h that maps K into {0,…,m-1} (h : K ({0,…,m-1}).

Interpretation of the problem : Function h helps store and retrieve n elements into and from the given array with m locations. If a function h could be found to compute the location for a given key in constant time, that implies having a data structure that inserts and retrieves elements in constant time regardless of the size of the table. Ideally, h  would distribute keys evenly (probabilities P(k(h(i))  should be equal).

Fact #1 : If the size of the table is chosen as a prime number (size(T) is divisible only by 1 and itself), then selecting h as h(x) = x MOD size(T) makes the probabilities of elements going into different locations of the hash table equal.

Fact #2 : insert, delete, and  member operation take O(1) time for a hash table with a hash function as described above. 

Proof : All it takes for these operations is time to compute the value of h for the given item being inserted, deleted, or tested for membership.


Problem with Hash Tables : COLLISION. 

Collision occurs when X1 ( X2 and h(X1) = h(X2).


Solutions to the COLLISION problem :

(1) Open Hashing :

Table locations are used not to store elements but to store references (pointers) to the lists of elements for which function h computed the same location.

Example:

Size(T) = 101 (prime), h(x) = x MOD 101.

X1 = 31 ( X2 = 132, and h(X1) = h(X2) = 31.

X3= 463 ( X4 = 59, and h(X3) = h(X4) = 59.

	Index
	T[Index]
	List

	…
	
	

	31
	(
	31(132

	…
	
	

	59
	(
	463(59

	…
	
	


Concerns : Keep the lists small so that inserting and deleting from them stays a constant time operation. Small table usually means long lists. Such hash tables must be monitored for the lengths of these lists and when they become long, the hash table of a larger dimension is to be created and the elements from the original one copied into it. Note that the elements that were in the same list in the old table most often will not be in the same list of the new table.

(2) Closed Hashing :

Everything is kept in the array. If and when a collision occurs (x is to be inserted and h(x) is already occupied), try T[h(x)+1], and if occupied, try T[h(x)+2], etc., etc…

Example :

Size(T) = 101 (prime), h(x) = x MOD 101.

Sequence of operations : insert(160), insert(59), insert(463), insert(60).

h(160)=59, h(59)=59 , h(463)=59, h(60)=60.

	Index
	T[Index]

	…
	

	59
	160

	60
	59

	61
	463

	62
	60

	…
	


Comments : After a while a large number of elements may be in wrong locations and the restoration of these hash tables is recommended.

PROJECT #4 :

Implement an Open Hash Table of size 101 using the linked lists. Then, store 10000 random ints between 1 and 10000. Then, print the elements from your hash table, list by list (indicating list indices). Follow up by creating another hash table of size 1000 and copy elements from the original hash table into the new one. Then, print the elements from your new hash table, list by list (indicating list indices). 

