Singly and Doubly Linked Lists And List Iterators

Done In an STL Fashion

Introduction

In this laboratory, you will modify the code for singly linked lists with an STL-style iterator class to obtain similar code for doubly linked lists with iterators.  The goals of the laboratory are:

(1) Learn the patterns of definition for list insertion (at the head, at the tail, and in sorted order using iterators), list traversal (illustrated by PrintList), and element erasure (illustrated by DeleteList and by erase using iterators).

(2) Learn the subtle details required to deal with linked list objects by carefully modifying the singly linked list code to create bug-free doubly linked list code.

You will copy the body of the file List1T.h into List2.h.  In List2T.h, you will then change (by find and replace) all references to Node1, List1, Iterator1 to the corresponding references to Node2, List2, Iterator2.  You will then begin the modification process on the file List2.h.

The driver program, ListTest.cp, contains 5 exercises.  One by one, you will convert each exercise from using singly linked list code to using doubly linked list code.  You will do this for each exercise by replacing the references to Node1, List1, Iterator1 in the typedef declarations to Node2, List2, Iterator2 respectively.

By following this procedure, you can check the development of the doubly linked list code in stages (exercise by exercise) rather than wait for a “big bang” at the end where everything works or everything fails.

Data Definitions and Issues

The data fields in the key structures in List1T.h are as follows:

template <class T>

struct Node1 {


// member variables


T      data;    // the node data


Node1* next;    // the link to the next node


// Additional information not copied

};

template <class T>

class List1 {


typedef Node1<T>

Node;


typedef Node*


NodePointer;


NodePointer Head;


NodePointer Tail;


// Additional information not copied

};

template <class T>

class Iterator1 {


typedef Node1<T>

Node;


typedef Node*


NodePointer;


typedef List1<T>

List;


typedef List*


ListPointer;


ListPointer LPtr;


NodePointer Next;


NodePointer Back;


// Additional information not copied

};

The key change in moving from a singly linked list to a doubly linked list is that the Node2 structure gains a back pointer:

template <class T>

struct Node2 {


// member variables


T      data;    // the node data


Node2* next;    // the link to the next node


Node2* back;    // the link to the previous node


// Additional information not copied

};

The data fields of the List2 and Iterator2 classes will be the same as those in the List1 and Iterator1 classes (except that they are based on Node2 of course).

The key issue then becomes how to modify the code to both use and maintain the back pointer correctly.

Pictures of the Data Structures

A linked list is based on the idea of chaining together a collection of nodes.  The node must contain the data to be stored and the pointers or links that define the chain.  In a singly linked list, the pointers or links go from the front of the list to the back and there is one pointer called next.  In a doubly linked list, the pointers or links go in both directions and there are two pointers called next and back.  The pictures for the node structures are:
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Linked lists can be built “by hand” using only nodes and node pointers.  For more robust code, the operations should be encapsulated in a List class.  We will give you the code for class List1 which uses Node1 as its basis and we will ask you to modify this code to build List2 based on Node2.  In each case, the list object stores a Head and Tail pointer so it can access the ends of the list and do insertions at either end.  The basic pictures for the list data are:
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The left hand picture shows the list structure but does not specify the contents of the pointers.  The right picture shows that an empty list must have a null pointer in both its head and its tail pointer.  The next picture shows a non-empty list based on the List1 and Node1 structures:
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Notice that using the next pointer there must be a chain from the Head node to the Tail node.

The next picture shows a non-empty list based on the List2 and Node2 structures:
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Notice that using the next pointer there must be a chain from the Head node to the Tail node and that using the back pointer there must be a chain from the Tail node to the Head node.

The fundamental task of a list class is to correctly maintain all pointers during insertion and deletion operations and to permit access to the list data through the use of iterators.  Iterators encapsulate pointers to adjacent elements in a list and permit insertions or deletions to take place at arbitrary positions in the list.  The picture for an iterator is:
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The fields in an iterator begin with capital letters to distinguish them from similar fields in a node.  The LPtr field holds a pointer from an iterator object back to its list object so that an iterator cannot be used accidentally with the wrong list.  The Next and Back fields hold pointers to adjacent nodes in the list.

The pictures for lists and iterators of both types are as follows:
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By convention, the primary node associated with an iterator is the node on the right, that is, the node to which the iterator Next field points.  When we use an iterator to access data in the list, we return the data in the primary node.  The node on the left is considered the trailing node.  This is the node to which the iterator Back field points.  Access to the trailing node is critical during insertion of a new node between the two nodes as well as during deletion of the primary node.  Without access to the trailing node, it is impossible to adjust the pointers in the nodes to maintain a valid list.

As you transform the singly linked list code into doubly linked list code, you should make drawings similar to those we have given to keep track of how the pointers are manipulated.  Without such geometric pictures, it is impossible to understand and work with linked lists.

Survey of the 5 Exercises

In exercises 1 through 5, you will gradually switch from using the List1 class to using the List2 class.  Before doing anything else, you should modify the code in the following print routines in the List2 class:

void ReversePrintList(ostream& os = cout)

void ReverseDebugPrintList(ostream& os = cout)

In the List1 code, these routines use recursion to reverse print the list.  For List2, we want you to replace this recursive code with loop code that uses the back pointers.  This will test the validity of the back pointers in the List2 nodes.

Exercise 1: This exercise does only inserts at the head of the list.  You must get the HeadInsert code for a List2 to work.

Exercise 2: This exercise does only inserts at the tail of the list.  You must get the TailInsert code for a List2 to work.

Exercise 3: This exercise uses a random number generator to randomly insert either at the head of the list or the tail of the list.  This exercise should work if Exercises 1 and 2 work.  If it fails, you have a fairly subtle bug.

Exercise 4: This exercise uses iterators to do a sorted insert and also to do an object erase.  You must get the code interwining the List2 and Iterator2 to work.  This code also uses iterator erase to complete the deletion of the list.

Exercise 5: This code uses the copy constructor to duplicate a list into a newly defined list; uses operator= to duplicate a list into an existing list; and uses operator+= to append a list onto the tail of an existing list.  You will see that these operations depend on DeleteList and Append.  In turn, Append depends on TailInsert.  If everything is correct after the first four exercises, exercise 5 should work immediately.  If it doesn’t, check for subtle bugs.

Reminder: We recommend that you convert each exercise in the main program from the singly linked to the doubly linked versions only when you are ready to test that portion of the code.  In that way, things will not break prematurely.

Reminder: The only changes needed in the main program are in the typedef’s that change the lists and iterators used from the List1 versions to the List2 versions.  You should make these changes in an exercise when you are ready to test that exercise but not before.
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