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Records are useful because they offer an easier method to package information. In fact, when used in combination with arrays, they become a very powerful tool to store and retrieve information.

You can think of a record like an entry in a telephone book.  Each person’s entry in the phone book usually contains his or her name, address, and phone number.  The person’s information can then be called a record.  Records are sometimes referred to as structures.

Here’s some sample code:
Program RecordDisplay;

{This program demonstrates how a record is setup.}
uses wincrt;

type RecordTYPE = record




First : string;




Last : string;




Address : string;




Phone : string;



           end;

var PhoneBook : RecordTYPE;

Begin

   PhoneBook.First := ‘Cheesy’;

   PhoneBook.Last := ‘Puffs’;

   PhoneBook.Address := ‘123 Golden Gouda Palace’;

   PhoneBook.Phone := ‘123-4566’;

End.
Like arrays, records are defined in the type section of the program. The items located between the words record and end are called the field list where each field takes in some information.

There are three ways in which a record can receive its information:

1. The first is known as ‘dot’ notation and an example is shown in the above example. In ‘dot’ notation, you need to specify the variable name (in this case PhoneBook) followed by the ‘.’ (dot) and then the specific field (for example PhoneBook.First takes the value ‘Cheesy’). 
If you wanted to get user input you would use the statement:
readln (PhoneBook.First);

and use similar statements for the other fields:

readln (PhoneBook.Second);

readln (Phonebook.Address);
2. The second way is to assign an entire record to another record. 

For example, suppose there were two variables in the above example called PhoneBook and Rolodex, and both variables were of type RecordTYPE. Then the statement:


PhoneBook := Rolodex;


would assign all the values contained in the individual fields (i.e. First, Last, Address) in the record Rolodex into PhoneBook. This is known as record-to-record assignment.

3. Finally, the third method of accessing the fields in a record is to use the with statement. By using the with statement, you do not need to specify the record name as you do in ‘dot’ notation. For example :

with PhoneBook do begin


   First := ‘Cheesy’;


   Last := ‘Puffs’;


   Address := ‘123 Golden Gouda’;


   Phone := ‘123-4566’;


end; {this end needed to close off the with statement}

Now which method you choose to use depends on the usage. If you want to read in information from the user for the entire record, using the with statement might be the best way to go. 

However, if you’re just reading in information for a specific field in a record, or comparing information, ‘dot’ notation maybe more effective. 

And if you’re just transferring information between two similar records, then the record-to-record assignment is probably what you want to use. 

Always think about what is most appropriate to your situation.

File Handling
File handling involves reading or writing information to a file.  To gather input to your program, instead of asking the user for input, you can read information from a file.  Likewise, instead of outputting information into a window, you could output it to a file.

Advantages:

· Data can be updated without changing any part of the program

· Data is “universal” to many different programs

· It is a more efficient method of data input
Disadvantages:

· Data files are “sequential structures”, components of a file cannot be accessed randomly.

Steps to writing a text file:

1. Define file identifier in the var section of program 

var Diskfile: text;
{text is an actual data type, just like integer, char…}

2. Assign the file identifier an external file

assign (Diskfile, ‘a:\text.txt’);

3.   Open file for writing


rewrite (Diskfile);

4.    Writing to file


write (Diskfile, {data goes here});


e.g. Write (Diskfile, ‘this is test data which will be saved to the file’);

5. Close the file when done

close (Diskfile);
Steps to reading a text file:

1. Define file identifier in the var section of program 

var Diskfile: text

Ch: char; {note, we defined Ch as type char, so that content of file can be          retrieved char by char}

2. Assign the file identifier an external file

assign (Diskfile, ‘text.txt’);
3. Open file for reading

reset (Diskfile);

4. Read from file

 Read (Diskfile, Ch); {reading in content of Diskfile, Char by Char}

 Write (ch); {this is to display what the computer just read}

5. Close file when done
 close (Diskfile);
EoLn and EoF

· EoLn is true when we are at the end of the line.

· EoF is true when we are at the end of the file.

Basically, EoLn tells the computer where the end of the line is, and EoF tells the computer where the end of the file is.

Using a while loop, we can get the computer to read the file char by char and display it back on the screen.


While not EoF (Diskfile) do 




Begin





Read (Diskfile, Ch);





Write (Ch);




End;
{read char by char till the end of the file.}

Some additional points:

· Use Readln (Diskfile) to skip EoLn markers. Note, it is important to specify (Diskfile) because it tells the computer where to get data from (in this case, from the file)

· Similarly, use Writeln (Diskfile) to skip EoLn for display as well.
· when inputting integers and other defined types into file (of text), the computer should automatically convert the numbers to a string for you.

· if you use readln and store in a variable of type integer or real, the computer will actually pick out the numbers and store the variables for you as integers/real.
2-D Arrays

An array is a series of elements with the same name.  You can access each element using an index value or number associated with it.  A 1-D array is a row of elements.

[image: image2.wmf]
[image: image3.wmf] A 2-D array can be imagined as a square of elements.  There are a certain number of rows and columns.

Each element can then be referred to by its row number and column number.

You may already be familiar with how to use 1-D array. If not, this will serve as a quick refresher.  The creation process of a 2-D array is quite similar to a 1-D array. In fact the creation of a multi-dimensional array is very similar to that of a 1-D array.
Sample code:
Program 2-DArray;

{This program shows how to setup a 2-D array.}

uses wincrt;

type 2-DArrayType = array [1..10, 1..10] of char;

var CheckerBoard : 2-DArrayType;

      Counter1, Counter2 : integer;

Begin

   For Counter1 := 1 to 10 do begin

      For Counter2 := 1 to 10 do begin

            CheckerBoard [Counter1, Counter2] := ‘ ‘;

      End;

{Counter2 loop}
    End;


{Counter1 loop.}
{Each cell is assigned a blank character.}
End.


{2-D array – Main Program}
Firstly in the type declaration, the statement “array [1..10, 1..10]…” signifies that there is more than one dimension to the array.  This array will be 2 dimensional and will have 10 rows and 10 columns.

Similarly, if the statement was  “array [1..10, 1..10, 1..10]…” this would mean a 3 dimensional array, and so forth.

As in one dimensional arrays, you can directly access any cell in a 2-D array.  However, to do so will require specifying the coordinates inside the array. 

In the example above, if Counter1 and Counter2 were both equal to 1 then the statement “CheckerBoard [Counter1, Counter2]” would access the very first cell in the array. 

Similarly you could directly specify a cell by inputting a number, for example “CheckerBoard [1,6]” would specify the 6th cell in the first row.

One of the things to keep in mind when setting up an array is running out of room in memory. Often you don’t know what the limits are until you hit them – Pascal usually tells you when the array is too big.

To visualize a 2-D array, think of a checkerboard or a spreadsheet where things are determined via rows and columns. For 3-D arrays, try visualizing a cube. Arrays higher than that will require a good imagination!

You can also have an array of records. To do so, just declare a record type and then define an array of record type.

Pointers
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Pointers can be a lot of fun, and they can also be a big nightmare. Pointers take a while to get a feel for. However, if you decide to do keep going in programming, you should get comfortable with them because they are very useful and powerful.

Pointers point to a specific area in memory. Memory is the place in your computer where variables are stored while your program is running.  So in essence, a pointer is pointing to a place where a variable can be stored.  Each location in memory that a pointer points to contains an address.  An address is just a number to indicate where in memory something is, just like the number on your house tells people where you live on your street.

Here’s a simple example: (note that a pointer declaration uses the ^ - carat symbol)
Program PointTest;

{This program shows a simple pointer example.}

uses wincrt;

type StringPoint = ^String;

{Indicates a pointer that holds string data.}
var StringVar, StringVar2 : StringPoint;

Begin

   new (StringVar);


{Create a section to hold StringVar}

   new (StringVar2);


{Create a section to hold StringVar2}
   writeln (‘Please give me something to store in memory.’);

   readln (StringVar^);

   StringVar2 := StringVar;


{StringVar2 and StringVar point to same memory location}

   writeln (‘Here’’s what you wrote! ‘, StringVar^);

End.

In order to use pointer variables, you have to create a memory location for them to hold data.  This is called memory allocation. This is done using the new command:


new (StringVar);


new (StringVar2);

Pointers have a “dual-nature” to them: 

1. the part that holds the data (StringVar^)

2. the part that holds the address to the data (StringVar – it doesn’t have the ‘^’, otherwise known as the carat symbol).

So on their own, pointers are sort of like variables. However, their usefulness improves when you want to store information while your program is running or use advanced structures to store vast amounts of data.

Linked Lists

[image: image5.png]A wmn o o

1

2 3 4

this is element
ms1



A linked list is a list of records connected to each other in a long chain.  You could think of it like a row of people holding hands.  Each person knows information about himself or herself and can tell you this information.  They can also tell you how to get to the person next to them.  To find out information about the next person in the row though, you would have to move to the next person and ask again.

You could also imagine a linked list to be like an array. An array’s size is defined in the program – it’s hardwired into the program and its size is largely determined by the programmer. A linked list is dynamic meaning it can change size.  It creates records, sometimes called nodes, (or deletes them) as needed and links them to each other. Linked lists provide more flexibility than arrays do, but they are also more complicated to use!

In order to create a linked list, your record needs to contain the linking element that links each node together, and the actual data to be stored. For example :
type NodePoint = ^NodeTYPE;

       NodeTYPE = record





Next : NodePoint;





Data : integer;




      end;

In the above example, Next is the linking element – it links the current node with the next node. 

‘Data’ holds the actual integer data. You’ll notice that ‘Next’ is of type ‘NodePoint’, however NodePoint is of type ‘^NodeTYPE’. This may seem like it shouldn’t work since NodePoint and NodeTYPE refer back to each other…but this is the way the syntax is in order to create a linked list.

The Next variable must be the same type as the record or node in your linked list that it points to.

Now that you’ve got the type declarations down, you need to create variables that use these types. Since you’re creating a linked list, it is usually a good idea to keep track of where the first node is, and to have another pointer variable to move through the list and create new nodes as they are needed :
var HeadNodePoint,


{Keeps track of the beginning of the list.}
      CurrentNodePoint : NodeTYPE;
{Moves through the list.}
Finally, you need to be able to create the first node and subsequent nodes and in the process, link them together. Now, from previous examples, the ‘new’ command is need to create new nodes. So here we go :
Begin

   new (HeadNodePoint);

{Create the first node.}
   CurrentNodePoint := HeadNodePoint;
{The current node and first node have the

   same address.}

   new (CurrentNodePoint^.Next);
{Create another node.}

   CurrentNodePoint := CurrentNodePoint^.Next 
{Move to the newly created node.}

   CurrentNodePoint^.Next := nil;
{Tell the new node that it is the end.}
end;
You may notice that the word ‘nil’ appears. Nil is used to indicate the end of a list. Nil means nothing.  What you are doing then is setting the last element in your list to point to nothing as the next element.  This allows for easy movement through a list if you’re just searching for a particular value. 

For example :
while (CurrentNodePoint^.Next <> nil) and (CurrentNodePoint^.Data <> Search) do begin

…
In English command terms it’s like saying “while you haven’t reached the end of the list and you haven’t found what you’re looking for, start this…”.

So let’s put it all together. Here’s a simple program example of a linked list (without the above while statement):
Program LinkTest;

{This is a simple program to create a linked list that holds integer values.}
uses wincrt;

type NodePoint = ^NodeTYPE;

       NodeTYPE = record





Next : NodePoint;





Data : integer;




      end;

var HeadNodePoint, 


{Used to keep track of the beginning of the list.}

CurrentNodePoint : NodePoint;
{Used to move through the linked list.}

Counter : integer;


{Used to keep track of how many nodes are  created.}
begin

   new (HeadNodePoint);

{Create the head node.}

   CurrentNodePoint := HeadNodePoint;

   for Counter := 1 to 3 do begin

      new (CurrentNodePoint^.Next);

{Create a new node}
      CurrentNodePoint := CurrentNodePoint^.Next; 
{Advance to the new node.}


CurrentNodePoint^.Next := nil;

{tell the ‘next’ field that it is the end.}

CurrentNodePoint^.Data := Counter;
{In the data section, read in the current  counter value.}
   end;





{for statement}
CurrentNodePoint := HeadNodePoint;
{Go back to the beginning of the list.}

while (CurrentNodePoint^.Next <> nil) do begin
{While you haven’t reached the end  of the node, begin…}
   CurrentNodePoint := CurrentNodePoint^.Next;
{Advance the current pointer to the  next node.}
   writeln (‘I’’m in node number : ‘, CurrentNodePoint^.Data);

end;





{while statement}

end.

{Main Program - LinkTest} 

You’ll notice that I’ve put the node creation process (new (CurrentNodePoint^.Next)) inside a ‘for’ loop. You can just as easily put the node creation process in another loop which terminates when the user enters something specific (i.e. some condition which terminates a “repeat…until” loop or “while…do begin…”loop).

Now that you can create a simple list, what do you do? Well, you want to be able to insert nodes.
Inserting Nodes

When inserting a node, the best way to do it is to use a “temp” variable of the same pointer type and to then treat it as an extra “node” that needs to be inserted. The important thing is to keep track of the “next” fields in each of the nodes (the one in the list and the one in the extra node). If you lose track of the “next” field, you risk losing either the node, the list or both. Here’s some sample code to step through:
Program TestInsert;

uses WinCRT;

type NodePoint = ^NodeTYPE;

     NodeTYPE = record

                   Next : NodePoint;

                   Number : integer;

                end;

var HeadPoint,                  {Keeps track of the beginning of the list.}

    CurrentPoint,               {Used to move through the list.}

    TempPoint : NodePoint;      {Used to help insert nodes into the list.}

    TheNumber : integer;        {Used to store and arbitrary number.}

Begin

   new (HeadPoint);             {Begin creating the list.}

   CurrentPoint := HeadPoint;

                   {CurrentPoint and HeadPoint are at the same position.}

{This next section creates a list manually and adds sample data to it.}

   new (CurrentPoint^.Next);    {Create a new node.}

   CurrentPoint := CurrentPoint^.Next;   {Move to the new node and connect to list.}

   CurrentPoint^.Number := 1;   {Give new node some data. The rest repeats this process.}

   new (CurrentPoint^.Next);

   CurrentPoint := CurrentPoint^.Next;

   CurrentPoint^.Number := 3;

   new (CurrentPoint^.Next);

   CurrentPoint := CurrentPoint^.Next;

   CurrentPoint^.Number := 4;

   new (CurrentPoint^.Next);

   CurrentPoint := CurrentPoint^.Next;

   CurrentPoint^.Next := nil;

   CurrentPoint^.Number := 5;

{The list has been created -- this section outputs what is in the list.}

   CurrentPoint := HeadPoint;   {Go back to the beginning of the list.}

   while (CurrentPoint^.Next <> nil) do begin   {While we haven't encountered the end...}

      CurrentPoint := CurrentPoint^.Next;       
   {Move to the next node.}

      write (CurrentPoint^.Number);             
  {Write out its contents.}

   end;

   writeln;                     {Move onto a new line.}

{This section inserts a node at the appropriate point in the list.}

   CurrentPoint := HeadPoint;   {Go back to the beginning of the list.}

   TheNumber := 2;

   while (CurrentPoint^.Next <> Nil) do begin

   {While we aren't at the end.}

   CurrentPoint := CurrentPoint^.Next;

   {Move to the next node.}

      if (CurrentPoint^.Number < TheNumber) then begin

      {If the number in the list is less than the arbitrary number, begin...}

      new (TempPoint);

      {Create a new node...}

      TempPoint^.Number := TheNumber;

      {Give the new node the arbitrary number.}

      TempPoint^.Next := CurrentPoint^.Next;

      {Have the new node point to the next node in line (or what the previous

      node *used* to point to...}

      CurrentPoint^.Next := TempPoint;

      {Have the current node point to the newly inserted node.}

      end;                   {The if...then statement.}

   end;                      {The while statement.}

   CurrentPoint := HeadPoint;  {Go back to the beginning of the list.}

   while (CurrentPoint^.Next <> nil) do begin  {Print out the contents...}

      CurrentPoint := CurrentPoint^.Next;

      write (CurrentPoint^.Number);

   end;

repeat until KeyPressed;                {Wait until the user hits a key.}

DoneWinCRT;                             {Close the window and terminate!}

end.          {Main program.}
Deleting Nodes

We can now insert nodes. If you can get a handle on that, deleting them is no harder. In order to delete a node, the “dispose <pointer variable>” command is used. Again, a temporary pointer variable is needed so that all you dispose is the temporary variable with the value you want to get rid of. Be careful that you dispose of the temporary variable and still have the list…not dispose of the list and have a temporary variable! 

Here’s a small piece of sample code on how to dispose of nodes. You can basically plug this section in place (or after) the section where you insert nodes.

{Here we delete something specific...say the number 3 in the list.}

   CurrentPoint := HeadPoint;   {Go back to the beginning of the list.}

   while (CurrentPoint^.Next <> nil) do begin

      if (CurrentPoint^.Next^.Number = 3) then begin

         new (TempPoint);        {Create a temporary node.}

         TempPoint := CurrentPoint^.Next;

         {Have TempPoint and CurrentPoint look at the same location.}

         CurrentPoint^.Next := CurrentPoint^.Next^.Next;

         {Have CurrentPoint advance to the node after the one to be deleted

        (CurrentPoint^.Next.)}
         dispose (TempPoint);  {Get rid of TempPoint – it’s now gone!}
      end;

      CurrentPoint := CurrentPoint^.Next;    {Go to the next node.}

   end;

   CurrentPoint := HeadPoint;  {Go back to the beginning of the list.}

   writeln;

   while (CurrentPoint^.Next <> nil) do begin  {Print out the contents...}

      CurrentPoint := CurrentPoint^.Next;

      write (CurrentPoint^.Number);

   end;
Objects
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Object oriented programming is important for creating reusable components of code.  Each component of code is called an object.  

For example, if you were creating a program to deal with cars you know that a car contains four wheels, a frame, and an engine, for simplicity.  Your program could contain an object called wheel that would just be code for creating a wheel.  You could also create an object for a frame and then one for an engine.  Your car has four wheels so you could reuse your wheel object four times!  If you had to make a second car you could reuse an engine object.  This saves a lot of time!

Objects also hide details of themselves.  This is important so if other programmers want to use your objects in their code, they don’t have to worry about the finer details and how you programmed things.  They will just deal with the objects and methods (functions) that are given by your object.

An object simply contains variables and methods which could be procedures or functions.  When you create an object you should specify methods and variables that others can use for your object.

Here is some sample syntax to create an object:


{in a unit}



Unit example;



interface



  type SomeOBJ = object





    procedure number_one(parameters);





    procedure number_two(parameters);





    private {this part is optional}



   


    data: string;





    end; 



implementation {finish the actual methods}




procedure number_one(parameters);

    


   begin




      do something!!




   end; {number_one}




procedure number_two(parameters);




   begin




      do something!!!




   end; {number_two}

           begin

           end. {unit example}

-
{in an actual program}



program whatever;

 

   type someOBJ=object




     
   procedure one;




    
   procedure two;




    
   private

   


   
   data: string;





end; {SomeOBJ}

                                            procedure one;

 


   begin





do something




   end;




procedure two




   begin





do something too!




   end;
An object’s private section is inaccessible to programs that import it or use it.

To define a variable of type object you use the following code:

var obj_variable: someOBJ;

To use the methods in objects, call it like it's a field of a record:

obj_variable.one;
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