Simple Singly Linked List Class

Introduction: This problem will introduce you to working with linked structures. You will build a singly linked list, insert items into the list, traverse the list items, and remove items from the list. 

In the first part of this exercise you will build class List that implements a singly linked list. The list node will contain data of the type int. 

In the second part you will adapt the list to use node data that will be an object in the class Check. Class Check represents one check entry in a bank statement. You will also build the class Check to learn how to build the functionality required by the class List.

The exercise will be set up as a series of steps.  We strongly suggest that you program each step and then run test code for that step to be certain it is correct.  Enclose the test code for a step in a separate function that is called from main.  Later you can eliminate the use of the intermediate test code by simply commenting out the calls.

Part 1: Build class List
(A) Build a struct Node

The definition starts by defining the two member data fields:


struct Node{



int
data;



Node*
next;

Next you need to build a constructor that takes two arguments and supplies defaults for both. The constructor header should be:



Node(int Data = 0, Node* Next = 0)

(B) Build the first part of the class List
member data:

The class will use three member data fields of the type Node* to control the list: head, tail, and current. The first two will be the pointers to the head and the tail nodes of the list. The third will be used in traversing the list - more about this later.

constructor:

When building a linked list one has to first decide what will represent an empty list. In our case, an empty list will have both the head and the tail pointer set to NULL. So the list should start with a default constructor that will set all three member data fields to null.

destructor:

The destructor is the hardest part, but should be built next. First build a member function DeleteList that uses no arguments and returns reference to the List object. The function will delete the list nodes one by one, starting at the head. The following three steps need to be repeated as long as the list is not empty:


current = head;



// save the pointer to the node you want to delete


head = head -> next;


// advance the head to the next node


delete current;



// delete the old head node

At the end set tail and current to null.

The destructor now simply calls the DeleteList function.

IsEmpty function:

It is easy and useful to build a function that returns a bool indicating whether the list is empty. Do that next.

There are typically three ways of inserting new nodes into a linked list: at the head, at the tail, and in the middle (using some ordering method) when we want to make sure the list will be ordered at all times. The easiest insertion is at the head.

HeadInsert function

The function header will be:


List& HeadInsert(int Data)

The function needs to create a new Node with the given Data that will point to the head of the existing list. The head pointer then has to be modified, so it points to this new head of the list. Additionally, if this is the first item inserted into an empty list, the tail needs to also point to the newly added node.

Think carefully about the order in which these steps should be performed.

Before we can test that any of this works, we also need to build a way to traverse the list and print the values stored there. To do this we will use two additional member function: SetFirst and GettingNext. The node pointer current will be used to traverse through the list. Later we will see how this traversal task is performed by an Iterator object that is built independently of the List class.

SetFirst function

This function just makes the current point to the head of the list and returns a reference to the List object.

GettingNext function

The header for this function is similar to Reading style functions we have been using earlier. It returns a bool value true, if next item was read from the list, and returns false if we reached the end of the list. The value of the data in the current node is returned via reference argument. So the header of the function will be:


bool GettingNext(int& Data)

The current pointer moves to point to the next item in the list before the function returns, to prepare for the next call to this function.

You are now ready to test this part of your program. The code for this test is given in the function Test1().

(C) Build the second part of the class List
We will add two more Insert functions to the class List: TailInsert and OrderedInsert. You should place them immediately after the HeadInsert function and before SetFirst function. 

TailInsert function

When inserting at the tail you need to consider two cases:

If the list is empty, just build a new node with the given data and set both head and tail to point to this new node.

If the list is not empty, make the next field of the tail node point to the new node you create and then advance tail to also point to this new node.

In both cases the next field of the new node will be NULL pointer.

Write a test function Test2 modeled after Test1 to make sure your code works correctly. You will notice that the items are now listed in the same order as they were entered.

(D) 
Implement ordered insert

OrderedInsert function
This is the hardest kind of insertion. You need to traverse the list to find the place where to insert the new node.

There are three possible cases to consider and your code should make that clear. 

Case 1: If the original list is empty or the new node has a value smaller than the first item in the list, call the HeadInsert function to insert the new node at the head of the list.

If the list is not empty, the following code will find the node after which the new node should be inserted:


Node* temp = head;


while((temp -> next) && (temp -> next -> data < Data){



temp = temp -> next;


}

Let us examine this code carefully.

Case 2: The first part of the while condition checks whether or not there is a node that follows temp. If temp points to the last node in the list (temp -> next) is NULL or false, and the while loop terminates. That means that we should add the new node at the tail. The best thing is to call TailInsert to perform this task.

Case 3: The second part of the while condition is examined only if the first one was true. That means, that we will look at temp -> next -> data only if the temp -> next node exists. If the value in this node is greater than or equal to the Data we want to insert, the loop stops. At this point we want to insert the new node between temp and temp -> next nodes.

Make sure you understand that at this point temp points to the last node with value < Data and temp -> next points to the first node with value of data >= Data.
After the while loop exits, you need to determine whether temp points to the last item (see the discussion above) or to an item in the middle of the list. If it points to the middle of the list, write the code that will perform the insertion.

Write this function and a third test function Test3 that will let you check that your code works properly.

(D) Build the third part of the class List
The last part of the class List is a function that will remove the first item from the list. It is possible to remove other items, but it is a much more difficult task and will not be included in this lab.

RemoveFirst function

This function will return as the function the value of the first item in the list and delete the first item from the list. This function requires no arguments. Furthermore, it will not verify that the list is not empty - for the sake of simplicity we will leave this task to the caller.
Though it looks simple, the function will have several steps as follows:

· Copy the data value in the first node into a temporary variable.

· Set up a temporary pointer that will hold the address of the first node.

· Advance the head to point to the next item in the list.

· Check if current is also pointing to the first item (i.e. is equal to the temporary pointer). If yes, set it to point to the new first item (which is the new head).

· Check if head is now NULL. If yes, we removed the last item from the list and we need to set tail to NULL. 

· Delete the original first node referenced by the temporary pointer.

· Return the value of the saved data value.

To test this function, build one ordered list, then keep removing items from one list and inserting them into another one. When you print the second list it should appear in the reverse order. Write the test function Test4 and verify that your program works correctly.

Part 2: Class Check and a List of Checks

Overview

The class List can work almost without a change if the data member data in the struct Node is of different type, or even an object in a class we define. We will replace int Data with Check data in the struct Node and define class Check that will represent one check entry in a bank statement. We examine what adjustments need to be made to the class List code as well as what functions and operators need to be defined in the class Check so that the List code works properly.

What do we need?

Before we define the class Check we examine the code for the class List to see what adjustment is needed when the type of data field in the struct Node is replaced by a user defined class and what functions need to be defined in this class to support the implementation of the class List.

The constructor, the destructor, and the functions IsEmpty and SetFirst do not even mention the data field of the struct Node and so will require no changes.

The functions HeadInsert and TailInsert and use a const & argument Data that is used in the constructor for struct Node. The only modification required here is in the Node constructor  an in the function header for both functions.

The function GettingNext uses the assignment operator = to copy the check information from a data field in struct Node to the reference argument Data. We do not need to define the assignment operator, because all member data in the class Check are built-in data types and so the automatically created assignment operator performs correct tasks.

Similarly, the function RemoveFirst returns a data field in struct Node as the function return value. This may be used to construct a new Check object, it may be passed to one of the List insert functions, or may be assigned to an existing Check object in an assignment statement. This indicates that a copy constructor should be defined. 

Finally, the function OrderedInsert compares two data values using operators >= and <. In our definition these operators will correspond to the check number ordering.

To summarize: 
We need to build copy constructor and operators >= and < in the class Check and modify the constructor in the struct Node.

Two functions that will help in reading the check information from a file (FromString) and printing the information with proper formatting (Print) have been provided. In addition, FromString uses a private helper function IsSeparator, that is also included in the given source code.

The second part of the lab will consist of the following tasks:

· define class Check
· modify struct Node
· modify class List
· add FileTest function to the test suite to allow file input

(A)
Define class Check
Member data:

class Check will contain three member data fields: date (a string of length 10 or less), num the check number (an int) and the amount for which the check was written (double). 

· We could use class Date we defined in an earlier lab, but to simplify the matter the date can be represented by any string of length no greater than 10. We will use the mm/dd/yy format. We do not make any use of the date, but include it to create a realistic exercise and to illustrate some aspects of reading text file input that contains mixed data types in one line. 

· We assume that the check amount, though a double, contains only two digits after the decimal point and will be displayed to show only dollars and cents. 

· In the ordered list, we will order the checks by the check number - assuming that this represents the order in which the checks have been written. 

Constructors and Set functions

Build two set functions:

· Set with three arguments (date, check number, amount)

· Set that copies the member data from an existing Check object.

Built the two corresponding constructors. Make sure the constructor with three arguments supplies default values.

Functions that return member data values

Write three member functions that will allow access to the member data:

· function Date that returns the value of the date member data

· function Number that returns the value of the Num member data

· function Amount that returns the value of the amount member data.

Define operators < and >=

Define operators < and >= that will compare the corresponding check numbers.

· First define operator <.
· The body of the operator >= should then be written as



return (!(check1 < check2);

Test your code

Write a function TestClassCheck that will do the following:

· Create three Check objects with the user data (you may reuse or copy the code used in main)

· Print each check using Print() member function

· Compute and print the total amount paid in these three checks (sum of the amounts)

· Compare pairwise all three checks (check1 >= check2, check1 < check2, etc.) and print the results.

(B)
Modify struct Node
There are only two minor modifications needed and the code is given below:


struct Node{



Check

data;



Node*

next;



Node(const Check& Data = Check(), Node* Next = 0): data(Data), next(Next) {};


}; // Node

The constructor for Data indicates that the default constructor for the class Check should be invoked when a default value of Data object is needed.

(C)
Modify class List
The goal of this exercise was to show that the behavior of the class List is not affected by the nature of the data in the nodes that comprise the list items. This is the motivation for using templates in later exercises. So we notice, that the only changes we need to make in the class List are in the headers of five member functions: HeadInsert, TailInsert, OrderedInsert, RemoveFirst and GettingNext.

To test the code, complete the code in main so it will build three different lists. Once they are built, print the check data in each list using the TestPrint function. Request the initial balance from the user before calling the TestPrint function.

Add code that will remove checks from the third list, one at a time, and insert the same data into a fourth list. Print the values in the fourth list using again the TestPrint function.

(D)
Write FileTest function

Copy ReadingPolygon function from the Morph Project. Change its header to be:


void FileTest();

Replace 


PointData PD; 

with


Check check;

Now, modify the rest of the code, so that check is initialized by calling its member function FromString and is then added to ordered list. After the file is closed, but before the end of the if block that opened it, insert code that will print the list using again the TestPrint function and user supplied initial balance.

*********************************

Turn in:
Diskette with

· Solution to Part 1. Source code should be named ListInt.cpp 

· Solution to Part 2. Source code should be named ListCheck.cpp 

Printout of the source code for each part, clearly labeled
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