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1) (25 pts) Fill in the methods makeHeap and percolateUp in the Heap class below. Use clues from the given code to determine how to go about your task. You are implementing a min-heap.

import java.io.*;

public class Heap {

  private int[] heaparray;

  private int size;

  // Pre-condition: none

  // Post-condition: Allocates a default heap capable of storing 99 

  //                 elements.

  public Heap() {

    heaparray = new int[100];

    size = 0;

  }

  // Pre-condition: values is not null.

  // Post-condition: Creates a Heap object from the given array of   

  //                 integers.

  public Heap(int[] values) {

    heaparray = new int[values.length+1];

    for (int i=1; i<heaparray.length; i++)

      heaparray[i] = values[i-1];

    size = values.length;

    makeHeap();

  }

  // Pre-condition: heaparray stores random integers in array locations

  //                1 through size.

  // Post-condition: heaparray has arranged the original integers into 

  //                 a valid heap configuration.

  private void makeHeap() {

  }

  // Pre-condition: index is in between 1 and size, inclusive, and all

  //                values stored in the current object satisfy the 

  //                heap invariant except for possibly the item stored 

  //                in index.

  // Post-condition: The value stored in index will be "percolated 

  //                 Down" so that the heap property is achieved.

  private void percolateDown(int index) {

    if ((2*index+1) <= size) {

      int min = minimum(heaparray[2*index], 2*index,  

                        heaparray[2*index+1], 2*index+1);

      if (heaparray[index] > heaparray[min]) {

        swap(index, min);

        percolateDown(min);

      }

    }

    else if (size == 2*index) {

      if (heaparray[index] > heaparray[2*index]) 

        swap(index,2*index);

    }

  }

  // Precondition: index is a positive integer in between 1 and size,

  //               and all nodes are in proper heap order except for

  //               possibly the node stored in index.

  // Postcondition: The value stored in index is percolated Up through

  //                the rest of the heap resulting in a valid heap

  //                configuration.

  private void percolateUp(int index) {

  }

  // Pre-condition: none

  // Post-condition: value is inserted into the current object.

  public void insert(int value) {

    if (size+1 == heaparray.length) {

      int[] temp = new int[2*heaparray.length];

      for (int i=1; i<heaparray.length; i++)

        temp[i] = heaparray[i];

      heaparray = temp;

    }

    size++;

    heaparray[size] = value;

    percolateUp(size);

  }

  // Pre-condition: Current object is non-empty.

  // Post-condition: Removes the minimum value stored in the current

  //                 object, restores the heap and returns this

  //                 minimum value.

  public int removeMin() {

    if (size > 0) {

      int retval = heaparray[1];

      heaparray[1] = heaparray[size];

      size--;

      percolateDown(1);

      return retval;

    }

    else

      return -1;

  }

  // Pre-condition: index1 and index2 are positive integers in between 

  //                1 and size, inclusive.

  // Post-conditions: The values stored in index1 and index2 of 

  //                  heaparray are swapped.

  private void swap(int index1, int index2) {

    int temp = heaparray[index1];

    heaparray[index1] = heaparray[index2];

    heaparray[index2] = temp;

  }

  // Pre-condition: a and b are values stored in heaparray in

  //                indexes indexa and indexb, respectively.

  // Post-condition: The index storing the lower value is returned.

  private int minimum(int a, int indexa, int b, int indexb) {

    if (a < b)

      return indexa;

    else

      return indexb;

  }

}

2) (6 pts) What is the result of inserting 56 into the 2-4 Tree below?
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     /
    |           |
   \



  5
  25    47,52,60    100

3) (8 pts) What is the maximum number of values that can be stored in a 2-4 Tree with a height of 3?

_____________

4) (6 pts) Solve the following recurrences using the Master Formula:


a) T(n) = 2T(n/2) +O(n)

____________________


b) T(n) = 5T(n/3) + O(n2)

____________________


c) T(n) = 6T(n/3) + O(n)   

____________________

5) (9 pts) Consider the strategy of quadratic probing for a hash table stored in an array of size 137. If an element hashes to index 85, list the first nine locations/indexes that would be attempted to insert the element.
____ , ____ , ____ , ____ , ____ , ____ , ____ , ____ , ____ 
6) (10 pts) A file contains the following frequency of characters:

	Character
	Frequency
	Huffman Code

	A
	9
	

	B
	8
	

	C
	45
	

	D
	3
	

	E
	50
	

	F
	7
	

	G
	28
	

	H
	50
	


a) Construct the Huffman tree for this file below. Afterwards, add the Huffman codes for each of the characters in the chart above.

b) Assuming that the file was previously stored using three bit codes for each character, and that it takes no space to store the Huffman codes themselves, how many bits are saved when encoding this particular file using Huffman coding?

7) (5 pts) Consider a bucket sort with 80,000 real number values(doubles) in the range of 0 to 10,000, not including 10,000. Let x be the array of linked lists used to sort the values. In which linked list should the value 3,653.06 be stored? (Your answer should be of the form x[num], where num is in between 0 and 79,999, inclusive.)

_____________

8) (5 pts) What is the minimum number of comparisons necessary to sort an array of size 7? (The correct answer is an integer. Note: 7! = 5040 and 216 = 32768.)

_____________

9) (1 pt) What last name do former inmate Martha Stewart and NASCAR driver Tony Stewart share?

 ____________
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