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	The HeapSort method was invented by J.W.J. Williams [1964].  It is based on the Heap class from Chapter 7 -- actually, the Heap class was invented because of HeapSort.  HeapSort works as follows:  Given an orderable list of N items in APtr ---->, we first insert them into an initially empty heap.  From this N-item heap, we repeatedly retrieve and delete the root item, and then insert it into the orderable list -- starting at position N and working toward position 1.



		The Insert, RetrieveRoot and DeleteRoot methods for a heap were developed in Chapter 7.  Here is the HeapSort method for orderable lists: 



	Sort



   	// Insert APtr ----> [1..N] into an initially empty heap: 

	Heap.Initialize

	for I := 1 to N 

        Heap.Insert (APtr ----> [I])

	end loop



	// Put the items, from largest to smallest, into

	// positions N, N-1, ..., 1 in the ordered list:

   	for I := N to 1 step -1



	   // Loop postinvariant: The tree, from positions 1

	   //                     through I - 1, is a heap; the

	   //                     items in APtr [I ... N]

	   //                     are sorted .

	   Heap.RetrieveRoot (APtr ----> [I])

	   Heap.DeleteRoot ()



	Example.



	If we start with our usual sample list of ten items, then after the execution of the first for statement we will have the following heap:



	                           87

                              /    \

                            /        \

                          /            \

                        81              59

                      /   \            /   \

                    /      \          /      \

                  /         \        /         \

                80          46      55          32

               /  \        /

              /    \      /

             /      \    /

           43       70  46          	

	               

	                         

	The root item is retrieved and deleted from this heap, and then inserted into the orderable list at position 10.  The heap is now

	                           81

                              /    \

                            /        \

                          /            \

                        80              59

                      /   \            /   \

                    /      \          /      \

                  /         \        /         \

                70          46      55          32

               /  \        

              /    \      

             /      \    

           43       46            	



	After nine more iterations of the loop to retrieve the root, delete the root, and insert in the orderable list, the items in the orderable list will be in increasing order.



	Analysis.



	The analysis of HeapSort depends on the analyses of the heap methods Insert and DeleteRoot.  We'll start with a worst-case analysis of the time requirements because, surprisingly, this will give us the average-case analysis as well!  



	In the worst case, the elements in the orderable list will be in increasing order.  For each value of I between 1 and N, when the item in position I is inserted into the heap, the number of loop iterations to restore heapity is floor (log2 I).  That is because the item in position I starts at the end of the tree whose height is floor (log2 I); that item is repeatedly swapped with its parent until the Ith item is at the root.  The total number of iterations is found by taking the sum of this number of calls as I goes from 1 to N.  We then apply the rule that the sum of logs is the log of the product, and finally, Stirling's approximation (see Exercise 8.11) of N! to estimate the original sum: 

	

	 N                 N                N

	S floor (log2 I)~ S log2 I ~ log2 P I = log2 (N!) ~ N log2N

	I=1               I=1              I=1



	So creating the original heap takes O(N log N) time in the worst case.  The sorting loop reverses this process: The root item is swapped with the last item in the heap, deleted from the heap, and then ReHeap is called to restore heapity.  The number of loop iterations (or recursive calls) is exactly the same as the number of loop iterations required to create the heap: O(N log N).  Thus WorstTime (N) is O(N log N).  



	But we noted earlier that, for any comparison-based sort, Time(N) is at least O(N log N).  We conclude that for HeapSort, Time(N) is O(N log N).



	Space for a heap of N items must also be allocated, and so Space is O(N).





COSC 2007

TABLES AND HASHING



We used linear search O(n). If we sort the list we can make the linear search go a bit faster but worst case is still O(n). Use binary search on a sorted list the time comes down to O(log n)

A variant of binary search of the list used a data structure that has the binary search built in. The ADT was Binary search tree.

Bin search tree has a bit of problem. In the worst case the binary search tree may turn out to be a chain. Time requirements will go up to O(n) in the worst case. This can be fixed by using AVL trees (to be dicussed later)

But we have managed to bring search time down to O(log n)

How low can you go? If we have a sorted list you cannot go lower than O(log n). It is the lower bound.

Can we use something other than sorted list to improve search performance? What will be the best time you can hope for? O(1).

Tables can do that for you.

Tables are different from sequences in that they are dependent upon the index. Given the value of index you return the record, i.e. we have a function with index set as the domain and set of records as the co-domain.

Example: Suppose we have 35 students numbered from 1..35 we can access record for student with the number i by just indexing into the A: array [1..35] of item, where item is the student record type.

Access time is constant, i.e. O(1) less than O(log n).



2.	What happens when the key can take very large number of values, but total number of records is relatively small (sparse table)?

Trade off between memory (wastage) and search time

The trade off may not be reasonable

Can we still use some kind of function?

The answer is yes, a hash function.

Hash function will map a key to smaller set of indices.

more than one key will map to the same index.

but if the table is sparse such a collision will not be frequent and will cost relatively small amount of time in further searching.



3.	Requirement of Table ADT.

	

	Constructor

	void insert(const hmmm& item)

	void erase(const hmmm& item)

	void search(hmmm& item, int& found)

	Destructor



Declare one dimensional array to hold hash table H.

Initialize hash table to Null values to indicate empty location (a value that will definitely not be part of a valid record, such as 0 or -1)

Insertion: calculate hash function value for the key Hash(Key) and check the location H[Hash(key)] if it is not empty then if the key of existing record, H[Hash(key)].key, is the same as the new record key, quit. Because a key cannot be duplicated. If the keys are different, we have a collision which will have to be resolved.

Search: Go to the location H[Hash(Key)] if H[Hash(key)].key matches key then that is the record we want other wise take the steps taken in collision resolution to find the actual record.



4.	Choosing hash function

Truncate (take first, third and seventh digit example: 975498017 -> 705)

Fold (add groups of three, three, two digits, example: 37289938 -> 372+899+38)

modulus: key % hashsize, you may have to combine it with other hash function

QUIZ:	Write a descendant of String called key_type which has an additional function called hash() that returns the sum of the ascii values of all the characters in the String. Assume that string has a member function called getLength();

class key_type : public String

{

	public:

	int hash();

};

int key_type::hash()

{

	int sum=0;

	for(int j = 0; j < getLength(); j++)

		sum += int((*this)[j]);

	return sum;

}



�struct table_item

{

	key_type key;

	double value;

	friend int operator==(const table_item& l, const table_item& r)

	{return (l.key == r.key);}

};

	

Collision Resolution



Since more than one key can map to the same index value, we will definitely get collisions, i.e., 

for insertion the location H[r.key.hash()] is already occupied and 

for retrieval H[searchitem.key.hash()].key does not match searchitem.key.

There are two different approaches.



1.	Open addressing

2.	Chaining



1.	Open addressing: Look for another open location. The open location can be found by

doing a linear search (linear probing), use wrap around and come to the first location in the hash table in case there is no location ahead of the current index.

using second hash function (rehashing), if there is a collision use third hash function and so on.

quadratic probing keep on looking at current := current + i2 index, where i is the number of attempts to find the open location.

use an increment dependent on the key such as

increment := int(k[1]);

and check the current := current + increment location.

Use pseudo-random number to generate the increment. The seed will depend upon the key.

If we use open addressing, deletion is a problem, because we cannot just locate the record r and make its key-type equal to nil. There may be other records, whose key may have collided with the r.key and hence it may be in some other location. Making H[r.key.hash()].key nil will indicate that there are no more records with the same hash value which is not true.



2.	Chaining: Use an array of lists of records draw a figure

Each list in the array will have 0, 1 or more records

If the list has zero elements, there is no record corresponding to the index

If the list has one element, then there is only one record for the index.

If the list has more than one record, there is a collision that was resolved by adding collided records to the same list.

There are several advantages to chaining.

If there is no record for a given hash value, we only store a pointer which takes a lot smaller space than the entire record.

collision resolution for insert is easy, just add the new record to the linked list.

overflow is not a problem

deletion is easy, just delete the record from the linked list.

One of the disadvantages is that we have to allocate extra memory to the links.



�.


