Recursion Part II

Recursive Methods for Unsorted Linear Linked Lists
We have 4 new recursive methods for our latest version of our UnsortedType (unsorted linear linked lists). The first method is called print3. This method prints the list in reverse order. The second method is called print4 and it prints the list in order. The third method, find2, is to search for an item in the list. It returns true if the item is in the list and false if not. The last method is called recursiveSelectionSort. This method sorts the linked list by recursive selection sort and without using arrays. Now all of these methods require access to listData. But, listData is inaccessible from outside the class. Thus, to access those methods, we need to write other functions to call them. That's why we have the methods print3Caller, print4Caller, find2Caller, and recusriveSelectionSortCaller. We'll write more recursive methods for this ADT and others as exercises or assignments or quizzes or test questions.

In the specification part of UnsortedType as a Linear linked list:

void print3(NodeType<ItemType>* list); // private part

void print3Caller(); // public part

void print4(NodeType<ItemType>* list); // private part

void print4Caller(); // public part

bool find2(NodeType<ItemType>* list, ItemType item); 

// private part

bool find2Caller(ItemType item); // public part

void UnsortedType<ItemType>::recursiveSelectionSortCaller(); 

// public part

void UnsortedType<ItemType>::recursiveSelectionSort(NodeType<ItemType>* list); 
// private part

In the implementation part of UnsortedType as a Linear linked list:

template <typename ItemType>

void UnsortedType<ItemType>::print3(NodeType<ItemType>* list)

{


if (list != NULL)


{



print3(list -> next);



cout << list -> info << "\t";


}

}

template <typename ItemType>

void UnsortedType<ItemType>::print3Caller()

{


print3(listData);

}

template <typename ItemType>

void UnsortedType<ItemType>::print4(NodeType<ItemType>* list)

{


if (list != NULL)


{



cout << list -> info << "\t";



print4(list -> next);


}

}

template <typename ItemType>

void UnsortedType<ItemType>::print4Caller()

{


print4(listData);

}

template <typename ItemType>

bool UnsortedType<ItemType>::find2(NodeType<ItemType>* list, ItemType item)

{


if (list == NULL)



return false;


else if (list -> info == item)



return true;


else



return find2(list -> next, item);

}

template <typename ItemType>

bool UnsortedType<ItemType>::find2Caller(ItemType item)

{


return find2(listData, item);

}

template <typename ItemType>

void UnsortedType<ItemType>::recursiveSelectionSort(NodeType<ItemType>* list)

{


NodeType<ItemType> *tempPtr = list, *travelingPtr, *minPtr;


ItemType min, temp;


if (tempPtr != NULL)


{



min = tempPtr -> info;



minPtr = tempPtr;



travelingPtr = tempPtr -> next;



while (travelingPtr != NULL)



{




if (travelingPtr -> info < min)




{





min = travelingPtr -> info;





minPtr = travelingPtr;




}




travelingPtr = travelingPtr -> next;



}



if (min != tempPtr -> info)



{




temp = tempPtr -> info;




tempPtr -> info = minPtr -> info;




minPtr -> info = temp;



}



recursiveSelectionSort(tempPtr -> next);


}

}

template <typename ItemType>

void UnsortedType<ItemType>::recursiveSelectionSortCaller()

{


recursiveSelectionSort(listData);

}

In the driver program:

bool found;

UnsortedType<char> list;

list.print4Caller();

list.print3Caller();

char item = 'a'; 

bool found = list.find2Caller(item);

// item is of type ItemType.

if (found)



cout << item << " is found.\n"; 

else



cout << item << " is not found.\n";

list.recursiveSelectionSortCaller();

list.print4Caller();

Remark: The specification part of our UnsortedType as a linear linked list should now be as follows:

// Specification part of class UnsortedList

// We do not allow repetetion in the list.

template <typename ItemType>

class UnsortedType

{


private:



NodeType<ItemType> *listData, *currentPos;



int length;



void print3(NodeType<ItemType>* list); 

// prints list in reverse (recursively).



void print4(NodeType<ItemType>* list); 

// prints list in order (recursively).



bool find2(NodeType<ItemType>* list, ItemType item);

// Searches for item in the list (recursively).



void recursiveSelectionSort(NodeType<ItemType>* list); 

// Recrsive selection sort of a linked list.


public:



UnsortedType();



~UnsortedType();



bool isFull() const;



int lengthIs() const; // Returns the length of the list



void makeEmpty(); 



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



/* Searches for item in the list. If item is there, the position of item in the list will be returned via pos. (The first node of the list is at position 1 and the last node is at position length). Also, if item is found, found will be set to true. If item is not in the lits, pos will be set equal to -1 and found to false.



*/



void insertItem(ItemType item);



/* If the list is full, and exception of type FullList will be raised. If item is already in the list, an exception of type InTheList will be raised.



*/



void deleteItem(ItemType item); 



/* Assume item is unique. If item is not in the list, an exception of type NotFound will be raised.



*/



void deleteItemAt(int pos);



/* Deletes item at pos. The first node of the list is at pos 1. If pos is invalid (i.e. if it's less than 1 or greater than the length), an exception of type OutOfBounds is raised.



*/



void insertionSort(); 

// Sorts the list using insertion sort.



void resetList();



void getNextItem(ItemType& item);



/*



If currentPos is pointing to the last element, an exception of type LastElement will be raised.



*/



void printList() const; // Prints the list in order



void findItemAt(int pos, ItemType& item); 



/* Finds item at pos and returns it via item. The first node of the list is at pos 1. If pos is invalid (i.e. if it's less than 1 or greater than the length), an exception of type OutOfBounds is raised.



*/



void replaceItem(ItemType oldItem, ItemType newItem); 



/* Replaces oldItem by newItem.

If newItem is already in the list, then oldItem will not be replaced and an exception of type InTheList will be raised in this case. If oldItem is not in the list, an exception of type NotFound will be raised. If the list is full, an exception of type FullList will be raised. 



*/



void deleteItemAt(int pos, ItemType& item); 



/* Deletes item at pos and returns it via item. The first node of the list is at pos 1. If pos is invalid (i.e. if it's less than 1 or greater than the length), an exception of type OutOfBounds is raised.



*/



void insertItemAt(int pos, ItemType item);



/* Inserts item after pos. The first node of the list is at pos 1. Valid positions here are between 0 and length. insertItenAt(0,item) means insert item before the first node

 (i.e. at the beginning). insertItenAt(length,item) means insert item after the last node  (i.e. at the end).If pos is invalid (i.e. if it's less than 1 or greater than the length), an exception of type OutOfBounds is raised. If the list is full, an exception of type FullList is raised.



*/



void print3Caller(); // Calls print3



void print4Caller(); // Calls print4



bool find2Caller(ItemType item); // Calls find 2.



void selectionSort(); // Non-recursive selection sort.



void recursiveSelectionSortCaller(); 

// Calls recursive selection sort

};

Exercises: 

1) Include the above methods in our latest version of UnsortedType as a linked list.

2) Write a recursive method

bool find2(NodeType<ItemType>* list, ItemType item); 

for sorted linear linked list, and also write a method

bool find2Caller(ItemType item);

to call the previous method.

Your first method should take advantage of the fact that the elements of a sorted linked list are sorted, and hence, your program should not be the same as the corresponding method for unsorted linear linked list…………….
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