CmpE 250 Project 2

Comparison of Heap Structures
In this project, you are required to compare the time complexities of three heap structures: binary heaps, leftist heaps and binomial heaps. Both insertion and deletion operations will be analyzed. You will measure the insertion and deletion durations of these heap structures on a very big data. The data to be inserted into heaps will be integers that reside on an array. Lets call this array A, and the length of the array LEN. In order to analyze the behavior of heaps in different conditions, you are going to design three methods. In the first method, the integers that will be inserted are in increasing order (i.e., 0,1,2,3,…LEN). In the second method, they are in decreasing order (i.e., LEN, LEN-1, LEN-2, …., 3,2,1,0). In the third method, they are in random order. Thus in the first method, the array A contains the integers to be insterd into the heaps in the increasing order. See the sample array A for the first method (assume that LEN=10):

	0
	1
	2
	3
	4
	5
	6 
	7
	8
	9


Similarly, the second method will insert the following array:

	9
	8
	7
	6
	5
	4
	3
	2
	1
	0


For the third method, you have to shuffle the array to create a random order:

	3
	4
	1
	0
	8
	9
	6 
	2
	5
	7


Notice that there are no duplicate integer values in these arrays. In order to create the random array for the third method, you should design an algorithm. In your report, you should explain your shuffle algoritm.

In your program, you will create an array of size LEN=15,000. You will measure the insertion and deletion timings of the heaps using this array. However, inserting and deleting 15,000 elements could be very fast, and you can not be able to measure elapsed times. Therefore, you are going to insert/delete 100 times, and report the overall timings. Here is the pseudocode for measuring the timings: 

Initialize total_insertion_time to zero

Initialize total_deletion_time to zero

For 1 to 100 do {

insert all elements in the array A to the heap;

calculate the elements insertion time;

update total_insertion_time;

delete all elements from the heap;

calculate the elements deletion time;

update total_deletion_time

}

Return total insertion and deletion durations
You can use ‘System.currentTimeMillis()’ function to measure the execution time of a code segment. Here is the sample usage:

long start_time = System.currentTimeMillis();

/* Some code here */

long end_time = System.currentTimeMillis();

Elapsed_time = end_time – start_time;

In order to measure the time complexities of heap structures, beware to calculate the timings only for insertion and deletion operations. For example do not measure array allocations in your timings. Also, do not change the heap classes. You will use the BinaryHeap.java, LeftistHeap.java, and BinomialQueue.java class files of the course book. You have to download these codes from the website of the book. Your program should output the time complexities of the heap structures in exactly the following format:

Sample output:

BinaryHeap  > Method:1, Insert: 281 Delete: 1081 Total: 1362
BinaryHeap  > Method:2, Insert: 782 Delete: 1060 Total: 1842
BinaryHeap  > Method:3, Insert: 411 Delete: 1142 Total: 1553
LeftistHeap  > Method:1, Insert: 1903 Delete: 1411  Total: 3314
LeftistHeap  > Method:2, Insert: 822 Delete: 50  Total: 872
LeftistHeap  > Method:3, Insert: 1912 Delete: 1482  Total: 3394
BinomialHeap> Method:1, Insert: 2233 Delete: 2084 Total: 4317
BinomialHeap> Method:2, Insert: 2192 Delete: 1603 Total: 3795
BinomialHeap> Method:3, Insert: 2275 Delete: 3403 Total: 5678
Here, total means the sum of insertion and deletion durations. You will prepare a .doc document which contains: 

1. Explanation of your array shuffle algorithm

2. Outputs of insertion/deletion/total timings for each method and for each heap structure (as in the Sample output)

3. The name of the heap structure which is best (fastest) in 

a. Insertion

b. Deletion

c. and in Total timings

For each of these (insert/delete/total), state also why that specific heap structure performs best.

Your source code should be a in separate class named “p2”. The name of the file will be p2.java.

Deliverables:

You should e-mail me a zip file named your_id.zip containing the following items:

1. Source code (only p2.java, do not give heap source codes)

2. Project document (p2.doc)

Deadline:

November 30th, Wednesday.

