Unsorted Lists

In the following,

ItemType.h is a header file containing

        (1) a constant called MAX_ITEMS,

        (2) an enumerated type called RelationType, defined as 

     follows

                enum RelationType {LESS,EQUAL,GREATER};

        (3) a class called ItemType containing data memebers (e.g. 

     name, SSN, grade) including a private data member 

     called key which is of a data type that can be sorted 

     (e.g. key is of numeric type or string or char, for 

     example key could be the name or SSN; we assume no 

     two items share the same key), and methods including 

     a constructor and a method called comparedTo 

      defined as follows

         RelationType ItemType::comparedTo(ItemType otherItem) const

                {

                        if (key < otherItem.key)

                                return LESS;

                        else if (key> otherItem.key)

                                return GREATER;

                        else

                                return EQUAL;

                }

      (4) All needed built-in header files and using namespace std;            

Now we define a class for an unsorted list:

#include "ItemType.h"

// -------------- Specification Part of UnsortedType -------------

class UnsortedType

{

private:

        int length; // Number of items stored in the list

                           // Last item stored is at position length - 1.

        int currentPos; // Index of the last element accessed by

                                   // getNextItem (see below) in an iteration 

// through the list. Only resetList and 

// getNextItem affect currentPos.

        ItemType info[MAX_ITEMS]; 

// MAX_ITEMS is the maximum number 

// of items in the list (size of info).                                                                                

public:

        UnsortedType(); // Constructor

        bool isFull() const; // Returns true if the list is full and 

     // false otherwise.

        int lengthIs() const; // Returns number of items appear 

       // (stored) in the list. I.e., returns length

        void retrieveItem(ItemType& item, bool& found);

        /* If the key member of item matches the key of an 

element in the list, that element of the list is returned and 

found is set true. Otherwise, item is unchanged and found 

is set to false. */

        void insertItem(ItemType item); 

// Assume item is not in the list and

                                             // the list is not full.

        void deleteItem(ItemType item); // Assume item is in the list.

        void resetList(); // Initializes currentPos to -1.

        void getNextItem(ItemType& item); 

       // returns the item that is next to

                                          // the item at currentPos. Assume 

                                          // currentPos is not the last element of the list.

};

// -------------- Implementation Part of UnsortedType -------------

UnsortedType::UnsortedType()

{

        length = 0;

}

// -------------------------------------------------------

bool UnsortedType::isFull() const

{

        return (length == MAX_ITEMS);

}

// -------------------------------------------------------

int UnsortedType::lengthIs() const

{

        return length;

}

void UnsortedType::retrieveItem(ItemType& item, bool& found)

{

        int index = 0;

        found = false;

        while ((index < length) && !found)

        {

                switch (item.comparedTo(info[index]))

                {

                        case LESS:

                        case GREATER: index++; break;

                        case EQUAL: found = true;

                                    item = info[index];

                                    break;

                }

        }

}

// -------------------------------------------------------

void UnsortedType::insertItem(ItemType item)

{

        info[length] = item;

        length++;

}

void UnsortedType::deleteItem(ItemType item)

{

        int index = 0;

        while (item.comparedTo(info[index]) != EQUAL)

                index++;

        info[index] = info[length - 1];

        length--;

}

// -------------------------------------------------------

void UnsortedType::resetList()

{

        currentPos = -1;

}

// -------------------------------------------------------

void UnsortedType::getNextItem(ItemType& item)

{

        currentPos++;

        item = info[currentPos];

}

Sorted Lists:

· We will denote  our sorted list class by SortedType.

· SortedType has the same specification part as UnsortedType.

· There are three differences between SortedType and UnsortedType and those are the definitions of methods: insertItem, deleteItem, and retrieveItem.

· Here is how those methods are defined in SortedType:

void SortedType::insertItem(ItemType item)

{


int location = 0;


bool moreToSearch = (location < length);


while (moreToSearch)


{



switch (item.comparedTo(info[location])



{




case LESS
:
moreToSearch = false;







break;




case GREATER:
location++;







moreToSearch = (location < length);







break;



}


}


for (int index = length; index > location; index--)



info[index] = info[index - 1];


info[location] = item;


length++;

}

void SortedType::deleteItem(ItemType item)

{


int location = 0;


while (item.comparedTo(info[location]) != EQUAL)



location++;


for (int index = location + 1; index < length; index++)



info[index - 1] = info[index];


length--;

}

void SortedTyep::retrieveItem(ItemType& item, bool& found)

{


int midPoint, first = 0; last = length - 1;


found = false;


while ((first <= last) && !found)


{



midPoint = (first + last) / 2;



switch (item.comparedTo(info[midPoint]))



{




case LESS:
last = midPoint - 1;







break;




case GREATER:
first = midPoint + 1;








break;




case EQUAL:
found = true;







item = info[midPoint];







break;



}


}

}

Binary Search
Suppose that you have an array and you want to search the array for a value, say R (i.e. you want to know whether R is an element of the array or not). Then you can use the technique we discussed before. But, sometimes there are more efficient techniques. The search algorithm that we discussed in the past is called linear search.  If the array is sorted in ascending order (i.e. increasing order), binary search is more efficient. So, binary search is used on arrays that are sorted in ascending order (if the array is sorted in descending order, then you have to make a few changes on the binary search algorithm).

// Binary search of a 1-D array.

#include <iostream>

using namespace std;

bool Binary_Search(float A[],int Size, float Number);

int main()

{


float Number, A[100];


bool Found;


int i, Size;


cout << "Enter Size: ";


cin >> Size;


// Size is the number of lements of A


// that will be processed.


cout << "Enter " << Size << " elements: " << endl;


for (i = 0; i < Size; i++)



cin >> A[i];


cout << "Enter a number to search for: ";


cin >> Number;


Found = Binary_Search(A,Size,Number);


if (Found)



cout << Number << " is in the array." << endl;


else



cout << Number << " is not in the array." << endl;


return 0;

}

bool Binary_Search(float A[],int Size, float Number)

{


bool Found=false;


int First, Last, Mid;


First = 0; 


Last = Size - 1;


while (!Found && (First <= Last))


{



Mid = (First+Last)/2;



if (A[Mid]==Number)




Found = true;



else if (Number < A[Mid])




Last = Mid - 1;



else if (Number > A[Mid])




First = Mid + 1;


}


return Found;

}

Exercise 1: Modify the above function to search A if A is in descending order.

Exercise 2: Modify the above function to make it recursive.
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