package algorithms;

public class IntHeap {

/** An array-based implementation of a priority queue; only the largest

 *  value is accessible.  An IntHeap stores int values.

 *  

 *  >> The maximum value in the heap is available in constant time.

 *  >> Removing the maximum value runs in O(log n) time.

 *  >> Inserting a new value runs in O(log n) time.

 */


// ** DATA FIELDS **


private int[] H;      // the heap elements, stored in heap order


private int size;     // current heap size


private int capacity; // heap capacity


// ** CONSTRUCTORS **


public IntHeap(int c)


// construct an empty priority queue with specified capacity


// Input:  c, an int for the desired capacity


{



// TO DO: initialize the data fields

}


public IntHeap()


// construct an empty priority queue with capacity = 10


{



// TO DO: initialize the data fields

}


public IntHeap(int[] A, int n)


// construct a priority queue storing a specified list of integers


// Input:  A, an array of int values


//         n, the number of values to take from the array


// Result: Builds a priority queue storing A[0]..A[n-1]


{



// TO DO: initialize the data fields


// TO DO: impose parental domination

}


private void heapBottomUp()


// puts an array into heap order by the bottom-up algorithm


// Input: an int array A and a number of elements n


// Result:  A[1..n] will be in heap order after the method exits


{



boolean heap; // flag for bounding the while loop





int j;        // index for examining child nodes



int k;        // index for examining parent nodes



int v;        // stores the value which is being moved



// TO DO: implement the algorithm on p.226

}


// ** OTHER METHODS **


public boolean isEmpty()

// returns true if the heap is empty

{



// TO DO: implement this method

}


public boolean isFull()

// returns true if the heap has no spare capacity

{



// TO DO: implement this method

}


public int findMax()


// finds the maximum value stored in the heap


// Output:  returns the max value, or -99999 if the heap is empty


{

// TO DO: implement this method

}
public int deleteMax()


// removes the maximum value from the heap


// Output:  returns the removed value, or -99999 if the heap


//          was empty


// Note:  the old max is still in the array H, but is stored


//        at the location which used to be last (is now 1 past last)


{



int max; // holds the old max value, to be returned



// case 1:  this heap is empty



if(isEmpty())




max = -99999;



// case 2:  this heap is not empty



else



{




// TO DO: implement the algorithm on p.227




// for maximum key deletion



// use percolateDown to heapify


}



// return the old max value



return max;


}


private void percolateDown(int pos)


// Internal method to percolate down in the heap.


// Input:  pos is the index at which the percolate begins


// Result:  the value at H[pos] is moved down the heap, pulling


// up the larger child at each position until an acceptable location


// is found


{



int child;



int temp = H[pos]; // the value to percolate down



while(pos*2 <= size)



{




child = pos*2; // index of left child




if( child != size && H[child+1] > H[child] )





child++;   // index of rt child




if( H[child] > temp )




{





H[pos] = H[child]; // pull child value up





pos = child;       // move pos down




}




else





break;



}



H[pos] = temp;


}


public void insert(int v)


// inserts a value into this heap via bottom-up strategy


// Input:  an integer v


// Output: void


{



// first, ensure capacity to add a value


// second, put v at the end of the heap


// third, heapify with percolateUp

}


private void percolateUp(int pos)


// Internal method to percolate up in the heap.


// Input:  pos is the index at which the percolate begins


// Result:  the value at H[pos] is moved up the heap, pulling


// down the parent at each position until an acceptable location


// is found


{

// TO DO: implement this method

}


private void increaseCapacity()


// heap capacity is doubled, elements remain the same


{



// make a temporary copy of the data



int[] temp = new int[size+1];



for(int i=1; i<=size; i++)



{




temp[i] = H[i];



}



// assign to H a new, larger array



H = new int[capacity*2 + 1];



// copy from temp to H



for(int i=1; i<=size; i++)



{




H[i] = temp[i];



}



// capacity is now doubled



capacity = 2*capacity;


}


public int[] heapsort()


// Input:  void; should be called on a heap with no extra capacity


// Output:  an int array with the values in ascending order, positions 1..n


// Note:  the heap is left with just one element, its minimum


{



// TO DO:  delete the maximum, size - 1 times


return H;


}
public String toString()


// converts this IntHeap to String form


// Input: void


// Result:  elements of H appear in comma-separated format; 


// size and capacity are reported


// If size == 0, reports "H = <empty>"


{



StringBuffer buff = new StringBuffer("H = ");



if(size == 0)




buff.append("<empty>");



else 



{




for(int i=1; i<size; i++)




{





buff.append(H[i]);





buff.append(",");




}




buff.append(H[size]);



}



buff.append("; size = " + size);



buff.append("; cap = " + capacity);



return buff.toString();


}


public String toTree()


// converts this IntHeap to a string (binary tree format)


// Input: void


// Result:  elements of H appear in binary tree format


// If size == 0, reports "<empty>"


// If size > 8, shows the first 8 elements in the tree then prints "etc."


{



if(size==0)




return "<empty>";



StringBuffer buff = new StringBuffer();



buff.append("        ");



buff.append(H[1]);



buff.append("\n");



if(size==1)




return buff.toString();



buff.append("    ");



buff.append(H[2]);



if(size==2)




return buff.toString();



buff.append("      ");



buff.append(H[3]);



buff.append("\n");



if(size==3)




return buff.toString();



buff.append("  ");



buff.append(H[4]);



if(size==4)




return buff.toString();



buff.append("  ");



buff.append(H[5]);



if(size==5)




return buff.toString();



buff.append("  ");



buff.append(H[6]);



if(size==6)




return buff.toString();



buff.append("  ");



buff.append(H[7]);



buff.append("\n");



if(size==7)




return buff.toString();



buff.append(H[8]);



if(size==8)




return buff.toString();



else




buff.append("   etc. ");



return buff.toString();


}


public static int[] randArray(int n) 


// creates an array of n random integers in the range 10 to 99


// Input:  n, a positive integer for desired array size


// Output: returns the integer array


{



int[] A = new int[n];



for(int i=0; i<n; i++)




A[i] = (int)(10+Math.random()*90);



return A;


}


// test method


public static void main(String[] args) {



IntHeap X = new IntHeap();  // empty heap



System.out.println("X.toString() = " + X.toString());



System.out.println("X.findMax() = " + X.findMax());



IntHeap Y = new IntHeap(5);  // another empty heap



System.out.println("Y.toString() = " + Y.toString());



System.out.println("Y.findMax() = " + Y.findMax());



int[] list = new int[7];



list[0] = 93;



list[1] = 62;



list[2] = 85;



list[3] = 21;



list[4] = 53;



list[5] = 70;



list[6] = 13;



IntHeap Z = new IntHeap(list,7);



System.out.println("Z.toString() = " + Z.toString());



System.out.println("Z.toTree() = \n" + Z.toTree());



System.out.println("Z.findMax() = " + Z.findMax());



Z.insert(90);



System.out.println("After inserting 90 into heap Z...");



System.out.println("Z.toString() = " + Z.toString());



System.out.println("Z.toTree() = \n" + Z.toTree());



System.out.println("Z.findMax() = " + Z.findMax());



for(int i=0; i<10; i++)



{




System.out.println("\nZ.deleteMax() = " + Z.deleteMax());




System.out.println("Z.toTree() = \n" + Z.toTree());



}



Z = new IntHeap(list,7);



System.out.println("Z.toTree() = \n" + Z.toTree());



int[] sorted = Z.heapsort();



System.out.print("Sorted array: ");



for(int i=1; i<=7; i++)



{




System.out.print(sorted[i]);




System.out.print("  ");



}



System.out.println("\nNote: heap Z now has just its minimum: ");



System.out.println("Z.toTree() = \n" + Z.toTree());



// Using random integers for the heap



int[] A = randArray(10);



X = new IntHeap(A,10);



System.out.println("Heap X created with 10 random values.");



System.out.println("X.toString() = " + X.toString());



System.out.println("X.toTree() = \n" + X.toTree());



// insert 5 more random values



int[] B = randArray(5);



for(int i=0; i<5; i++)




X.insert(B[i]);



System.out.println("Heap X with 5 new values inserted.");



System.out.println("X.toString() = " + X.toString());



System.out.println("X.toTree() = \n" + X.toTree());



sorted = X.heapsort();



System.out.print("Sorted array: ");



for(int i=1; i<=15; i++)



{




System.out.print(sorted[i]);




System.out.print("  ");



}


}

}
