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8.1  Introduction
Object Oriented Programming will not be casually mentioned in this chapter.  OOP is the front-center topic right now and the intention is to cover some very introductory OOP ground.  Right now you have a variety of basic Java tools under your belt and you are ready to learn about this very fascinating modern approach to programming.

Now keep in mind that the single most important goal for any program is reliability.  Speed is great, user-friendly is requested, cheap is desirable, but nothing matters if the software does not work properly.  First and foremost a program, or program module, must perform its intended task correctly, the first time, the last time and every time in between.  There used to be a time in the early days of programming that the simplicity of the programs and the genius of the computer scientists kept reliability pretty much afloat with hard work and an organized approach to programming.  In particular, programming became popular by dividing a program into manageable blocks, and concentrate on completing and testing the smaller blocks.  Names like structured programming, modular programming, procedural programming, became important buzzwords.  

Keep in mind that early programs only produced text output.  You should know text output, because all your lab assignments have produced text output so far.  With the arrival of Graphical User Interface (GUI) the world of programming changed very dramatically, and program complexity has been growing exponentially every since.  A new style of programming came on the scene slowly, at first, but rapidly gained momentum and brought about a whole new way of thinking about programming.  Now it matters little if impressive vocabulary is tossed around.  The bottom line is still reliability, and as you gain more computer science knowledge you will see how Object Oriented Programming in general and Java in particular do an outstanding job to make programs more reliable.  

In an earlier chapter you were told that the corner stones of OOP are encapsulation, polymorphism, and inheritance.  Some introduction to encapsulation happened earlier during the previous two chapters.  This chapter will continue to explore encapsulation and pick up the pace dramatically.

Programs involve data and the modules that access and process the data.  The problem in the past has been that the data and the modules processing the data, called procedures and functions, were separated.  This approach caused serious reliability problems.  As programs grew in size so did the likelihood that some procedure or function accessed data unintentionally and made unwanted and often disastrous changes to data values.    A new style of thinking helped prevent these kinds of problems.  This style of thinking revolves around objects.  Objects store data and objects also store the  modules, called methods in Java, which process the data.  So far the object seems no different from programs that combine data storage and procedures that process the stored data.  What makes objects unique is that every object has its own set of methods, which are unique to the object and the object stores the data that is appropriate for the object.  Furthermore, special precautions are designed into the object to insure that data is properly initialized and accessed.  As a matter of fact, a proper object will not allow anything outside the object to access its data directly for fear of potential problems.  A well-designed object carries its own methods that safely handle the object data.  

So what does this all mean?  This means you have encapsulation, which is a fancy, but very appropriate word.  The data and the methods that act upon the data are all contained in one package, called an object.  Multiple objects can be created for multiple purposes.  You can also think of this package as a capsule, a container, and hence the word encapsulation.

Now we must get clear on the vocabulary used with objects.  You have heard me talk about actions, subroutines, processes, procedures, functions, and methods.  All these words have been used intentionally because you will probably find every term used somewhere in computer science.  Each one of those words implies some program module that performs a task, frequently involving data, but not always.  However, some task is always involved that must be accomplished.

Life would be simpler if computer scientists could just make up their minds about the naming of these program modules.  FORTRAN and BASIC started with subroutines, Pascal followed by having both procedures and functions, and C++ wanted every module to be called a function.  You will be pleased to know that the current fashion is to use the word method, and Java error messages will be using that terminology.  From here on method will be used.  Keep the following object vocabulary in mind.

	Objects, Variables and Methods

	Java encapsulates data and action modules that access

the data in one container, called an object.

Object members that perform some task are called methods.

Object members that store data are called attributes.




This is not your first trip on the methods merry-go-around.  You have already learned about using class methods and using object methods in an earlier chapter.  You have also learned how to write class methods.  This chapter will round out the difference between writing a class method and an object method for you.  There are many program examples provided.  Most of the examples are sequential and need to be examined in their proper order.  

	Important Note
Expect to read this material a number of times.  Many concepts will be new and foreign to you.  Even small, well-presented program examples, do not always make sense during the very first introduction of a new topic.




8.2  Creating New Objects

Let us start with some familiar ground.  I will start by showing a program that uses the features introduced during Chapter V.  In that chapter you learned about class methods.  Essentially, you learned that there are classes already provided by Java, such as the Math class that can be used by programmers.  If class methods need to be used, you start by using the class identifier, followed by a dot, and then the method identifier, like Math.sqrt(16).  

If you want to create your own class methods, it is very important to use the reserved word static.  Static or class methods can be accessed with the class identifier.  Now that all worked rather lovely in Chapter V, and you might wonder why there is need to rehash this, and why make a distinction between a class and an object anyway.  How about keeping life simple and just stick to class methods.

Look at program Java0801.java, in figure 8.1, and review the Java syntax for using class methods.  The program example uses a Piggy class, which is short for piggy bank.  The class variable or attribute is savings and the class methods are initData, addData and showData.  initData  initializes savings to 0, addData stores data in savings and showData displays the savings value.  Each method in a different way interacts with the savings attribute.  Everything required to manipulate the savings data is handled inside the Piggy class.

Figure 8.1

// Java0801.java

// This program introduces the Piggy class, which will be used

	// to demonstrate a variety of Object Oriented Programming features.

// This program uses static class variables and static class methods.

// Every Piggy method is accessed using the Piggy class identifier.

public class Java0801

{


public static void main(String args[])


{



System.out.println("\nJAVA0801.JAVA\n");



Piggy.initData();



Piggy.showData();



Piggy.addData(1200);



Piggy.showData();



System.out.println();


}      

}

class Piggy

{


static double savings;


public static void initData()


{



savings = 0;


}


public static void addData(double s)


{



savings += s;


}


public static void showData()


{



System.out.println("Savings: " + savings);


}

}




	Java0801.java Output
JAVA0801.JAVA

Savings: 0.0

Savings: 1200.0




This program shows little excitement, but it should demonstrate a very important point.  If Piggy is a class, and the methods in the class are static, it means that there cannot be multiple critters of the Piggy class lurking about.  There is one Piggy class, and that is it.  Such a situation is quite desirable for something like a Math class or a Geometry class.  The square root of 16 will always be 4 in a base-10 number system.  This means that there is little need for multiple copies of the Math class.  The same is not true in other situations.  The Piggy class may be ideal to manipulate the bank accounts of many customers.  Using Piggy as shown in program Java0801.java will limit the use of Piggy and is not very practical.

The reserved word static is the culprit here and it prevents the creation of any additional Piggy copies, called objects.  We will start by removing all the static words and see if that helps our cause.  Program Java0802.java, in figure 8.2, is identical to the previous program, minus all the static words.

Figure 8.2

// Java0802.java

	// This program removes the static keyword from the members of the

// Piggy class.  The program no longer compiles.

public class Java0802

{


public static void main(String args[])


{



System.out.println("\nJAVA0802.JAVA\n");



Piggy.initData();



Piggy.showData();



Piggy.addData(1200);



Piggy.showData();



System.out.println();


}      

}

class Piggy

{


static double savings;


public void initData()


{



savings = 0;


}


public void addData(double s)


{



savings += s;


}


public void showData()


{



System.out.println("Savings: " + savings);


}

}




Terrific idea to remove static.  Now the program does not even compile anymore and look at all the error messages in the output of Java0802.java.  Do note that the error message show a pattern.  There are a repeating number of messages that all state that a non-static method Blah-blah cannot be referenced from static contexts. 

Figure 8.2 continued
	Java0802.java Output
Java0802.java:11: non-static method initData() cannot be

referenced from a static context

      Piggy.initData();

           ^

Java0802.java:12: non-static method showData() cannot be

referenced from a static context

      Piggy.showData();

           ^

Java0802.java:13: non-static method addData(double) cannot be

referenced from a static context

      Piggy.addData(1200);

           ^

Java0802.java:14: non-static method showData() cannot be

referenced from a static context

      Piggy.showData();

           ^

4 errors




Removing the static words is correct, but it is not enough.  With static you are only concerned about using a permanent class, like Math, or any other class.  Only a single copy of the class is created and the same copy is shared by all users.  In many other cases you require multiple copies or instances of the class, which are called objects.  Using an object requires that memory space is first allocated for the object and that is done with the new operator.  It is now possible to have many objects of the Piggy class, and each object stores its own data.

Access to members of a Piggy object is almost identical to accessing class members.  Use the object identifier (in place of the class identifier), followed by a dot, and follow the dot with the method identifier.

Program Java0803.java, in figure 8.3, will now compile.  Static is removed and tom is constructed as an object of the Piggy class.  Note that the program statements now say tom.showData() and tom.addData();  and do not say Piggy.showData();  This is not a trivial difference.  Understanding the difference between objects and classes is incredibly important.  

Figure 8.3

// Java0803.java

// In this program a tom object of the Piggy class is instantiated.

// The program compiles now because the methods of the Piggy

	// class are treated like "object" methods.

public class Java0803

{


public static void main(String args[])


{



System.out.println("\nJAVA0803.JAVA\n");



Piggy tom = new Piggy();



tom.initData();



tom.showData();



tom.addData(1200);



tom.showData();



System.out.println();


}      

}

class Piggy

{


double savings;


public void initData()


{



savings = 0;


}


public void addData(double s)


{



savings += s;


}


public void showData()


{



System.out.println("Savings: " + savings);


}

}




	Java0803.java Output
JAVA0803.JAVA

Savings: 0.0

Savings: 1200.0




The previous program example convinced you rather poorly that this object creation is such a good thing.  It looks like extra work, using the new operator, and what exactly did you gain?  Not much in program Java0803.java, but look at figure 8.4 and note that program Java0804.java creates multiple Piggy objects.  If int or double only allows access to a single memory location, it will not be very practical.  What this means is that an object is one instance of a class.  The class is the type and the object is the variable.  The statement int X; allocates space for an integer variable during compiling.  A slightly more complicated statement is required to bring an object to life.  Program Java0804.java in figure 8.4 constructs two objects of the Piggy class.  Each object stores its own data.

Figure 8.4

// Java0804.java

// This program constructs multiple objects of the Piggy class.

	// Using objects allows storing information in multiple instances

// of the Piggy class.  This is not possible with static methods.

public class Java0804

{


public static void main(String args[])


{



System.out.println("\nJAVA0804.JAVA\n");



Piggy tom = new Piggy();



tom.initData();



tom.addData(1200);



tom.showData();



Piggy sue = new Piggy();



sue.initData();



sue.addData(2500);



sue.showData();



System.out.println();


}      

}

class Piggy

{


double savings;


public void initData()


{



savings = 0;


}


public void addData(double s)


{



savings += s;


}


public void showData()


{



System.out.println("Savings: " + savings);


}

}




	Java0804.java Output
JAVA0804.JAVA

Savings: 1200.0

Savings: 2500.0


8.3  Constructors

All four of the program examples shown so far featured the initData method.  Method initData serves the important purpose of initializing the variable attributes of the Piggy objects.  The habit of initializing variables was shown early in the course with simple data types that used statements like:

int Sum = 0;

double PayRate = 5.25;

It is a good habit to initialize variables, and it is also a good habit to initialize the attributes of any objects that are created.  But there is a problem, and the problem is the word habit.  What if you have not acquired good habits?  Object Oriented Programming is advertised as improving program reliability.  At least some author with a strange Dutch name seems to believe that OOP is the world greatest gift to reliable programming.  In other words, you are not impressed with the initData method and rightfully so.  You should not be impressed.  Perhaps program Java0805, in figure 8.5, will impress you more.

Figure 8.5

// Java0805.java

	// This program exchanges the initData method with the Piggy constructor.

// Constructors add reliability to programs because they are called

// automatically during the instantiation of a new object.

public class Java0805

{


public static void main(String args[])


{



System.out.println("\nJAVA0805.JAVA\n");



Piggy tom = new Piggy();



tom.showData();



tom.addData(1200);



tom.showData();



System.out.println(); 


}      

}

class Piggy

{


double savings;


public Piggy()


{



System.out.println("Constructing a Piggy object");



savings = 0;


}


public void addData(double s)


{



savings += s;


}


public void showData()


{



System.out.println("Savings: " + savings);


}

}




	Java0805.java Output
JAVA0805.JAVA

Constructing a Piggy object

Savings: 0.0

Savings: 1200.0




Now program Java0805.java requires some closer scrutiny.  The initData method is gone.  In its place is an odd looking method that initializes the savings variable and the method identifier looks especially strange.  It appears that the method has the exact same name as the class. Both are named Piggy.  It gets stranger.  Check out the main method.  There you see tom ready to become a Piggy object followed immediately by a call to the showData method.  

Now look closely at the execution.  First it displays JAVA0805.JAVA and that makes sense since it is the first println statement in the main method.  The next output is Constructing a Piggy object and that makes little sense.  There is no such output statement in main.  The third output line Savings: 0.0 does make sense because it is the result of the call to method ShowData.  This means that the statement Piggy tom = new Piggy(); must be responsible for the odd output.  Now look at the beginning of the program, inside the Piggy class.  You will find a println statement in the Piggy method that could account for the mysterious display.  This means that this odd method is somehow called during the creation of the new object.  This special method is called a constructor.  

We gained something very significant here.  In the previous program it was required to call the initData method to insure that the new object is properly initialized.  Now this is no longer necessary.  A special constructor method is included in the Piggy declaration and this method is called automatically with the new operator when an object is first instantiated, constructed or created.  Lots of words, but they all have the same meaning.

	Instantiation and Construction

	A class is a template that can form many objects.

An object is a single variable instance of a class.

Objects are sometimes called instances.

An object is created with the new operator.  The creation

of a new object is called:


instantiation of an object


construction of an object

The special method that is called during the instantiation of

an object is called a constructor.




The new Piggy constructor is shown in figure 8.6.  The println statement is  included to prove the point that the method is called, and where the method is called.  This leaves the rather unimpressive savings = 0; statement in the constructor to take care of business.  It is not impressive, but it is a minimal sort of constructor that at least assigns some value to savings.

Figure 8.6

	   Piggy()

   {

      System.out.println("Constructing a Piggy object");

      savings = 0;

   }




There are other more practical constructors.  It is possible to use parameters and pass specific information to a constructor during instantiation.  This allows control over the manner in which a new object is constructed.  Furthermore, it is possible to have multiple constructors in a class for different purposes.  Program Java0806.java in figure 8.7 demonstrates the Piggy class with two constructors.  The second constructor provides a name and a savings amount. 

Figure 8.7

// Java0806.java

// This program demonstrates that constructors can be overloaded.

// It is possible to supply information, using parameters, to the 

// new object at the instance that it is constructed.

	public class Java0806

{


public static void main(String args[])


{



System.out.println("\nJAVA0806.JAVA\n");



Piggy tom = new Piggy();



tom.showData();



Piggy sue = new Piggy("Sue",1800);



sue.showData(); 



System.out.println();


}      

}

class Piggy

{


double savings;


String name;


public Piggy()


{



System.out.println("No parameter constructor");



savings = 0;



name = "";


}


public Piggy(String n,double s)


{



System.out.println("Parameter constructor");



name = n;



savings = s;


}


public void showData()


{



System.out.println("Name:    " + name);



System.out.println("Savings: " + savings);


}

}




	Java0806.java Output
JAVA0806.JAVA

No parameter constructor

Name:

Savings: 0.0

Parameter constructor

Name:    Sue

Savings: 1800.0


I am sure that at some point you have experienced duplicate identifier errors in your programs.  Compilers do not like to see the same identifier declared more than once.  Yet right here in full black-and-white glory you the evidence that two identically named methods live in the same program, the same class and the program compiles and produces output.  Try it out.  You will see that it works.

Figure 8.8 shows the two constructors isolated for inspection.  The name is identical for both constructors and that is Piggy.  What you see is an example of overloaded methods.  It is possible for two methods to have identical names, as long as they have different signatures.  The signature is the method heading that includes both the method identifier and the parameter list.  When you look at the complete method heading, including the parameter list, the methods are no longer identical.

Figure 8.8

	   Piggy()

   {

      System.out.println("No parameter constructor");

      savings = 0;

      name = "";

   }



	   Piggy(String n, double s)

   {

      System.out.println("Parameter constructor");

      name = n;

      savings = s;

   }




	Constructor Notes

	Constructors are methods, which are called during the

instantiation of an object with the new operator.

The primary purpose of a constructor is to initialize all the

attributes of newly created object.

Constructors have the same identifier as the class.

Constructors are neither void methods nor return methods.

Constructors can be overloaded methods.  The method

identifier can be the same, but the method signature must

be different.




8.4  Using Private and Public

The reliability issue will not go away.  I will repeat it again and again and point out times when reliability is improved and when it is violated.  The constructor examples of the previous section are good.  Calling some method automatically without even thinking about it is an excellent way to insure that a new object starts out with all the necessary tools to handle its purpose correctly.

Now comes a question.  Encapsulation makes a big deal about avoiding side effects by packaging all the data variables and methods that access variables in one neat object for security and reliability.  This is just terrific, but what exactly prevents other program segments from accessing the data?  In other words, is there any security about placing attributes and methods neatly together inside one class?  And if there is any security how is this handled.  Our first investigation goes to program  Java0807.java in figure 8.9.  

Figure 8.9

// Java0807.java

// In this program "main" accesses the variables of the tom object.

// Object variables should only be accessed by member object methods.

public class Java0807

{

	
public static void main(String args[])


{



System.out.println("\nJAVA0807.JAVA\n");



Piggy tom = new Piggy("Tom",2000);



tom.showData();



tom.name = "George";



tom.savings = 2500000;



tom.showData();



System.out.println();


}      

}

class Piggy

{


double savings;


String name;


public Piggy()


{



System.out.println("No parameter constructor");



savings = 0;



name = "";


}


public Piggy(String n,double s)


{



System.out.println("Parameter constructor");



name = n;



savings = s;


}


public void showData()


{



System.out.println("Name:    " + name);



System.out.println("Savings: " + savings);


}

}


	Java0807.java Output
JAVA0807.JAVA

Parameter constructor

Name:    Tom

Savings: 2000.0

Name:    George

Savings: 2500000.0




Program Java0807.java deliberately accesses the name and savings attributes of the Piggy class from the main method.  Now the main method is a nice enough method, but it is part of the Java0807 class and it should not be able to touch any information in another class directly.  Did it?  It certainly did and you are shocked, dismayed and ready to say pooh on encapsulation and all this other OOP and reliability business.  Well do relax a bit because we are not finished.  The previous program allowed this unauthorized access, but the previous program used a class that was poorly written.  Check out program example Java0808.java in figure 8.10 and I am sure you will feel better.

Figure 8.10

// Java0808.java

	// Java keyword "private" is placed in front of the Piggy variables.

// Piggy variables are no longer accessible from outside the Piggy class.

// This program will not compile.

public class Java0808

{


public static void main(String args[])


{



System.out.println("\nJAVA0808.JAVA\n");



Piggy tom = new Piggy("Tom",2000);



tom.showData();



tom.name = "George";



tom.savings = 2500000;



tom.showData();



System.out.println();


}      

}

class Piggy

{


private double savings;


private String name;


public Piggy()


{



System.out.println("No parameter constructor");



savings = 0;



name = "";


}


public Piggy(String n,double s)


{



System.out.println("Parameter constructor");



name = n;



savings = s;


}


public void showData()


{



System.out.println("Name:    " + name);



System.out.println("Savings: " + savings);


}

}


Figure 8.10 Continued
	Java0808.java Output
Java0808.java:14: name has private access in Piggy

      tom.name = "George";

         ^

Java0808.java:15: savings has private access in Piggy

      tom.savings = 2500000;

         ^

2 errors




Oh, what a relief.  The compiler is very unhappy and rewards evil programmers with error messages.  Now this is satisfying, but why where there no error messages in the previous program?  Look at the Piggy class in the program and you will see that the reserved word private has been added.  This little word has a major impact.  

Stating that savings and name are private means that only methods of a Piggy object can access savings and name.  Any attempt from outside the Piggy domain will result in compile error.

This is all just dandy, but the data still needs to be manipulated, in a proper manner that is.  The whole point of encapsulation is that data access is controlled, not bluntly prevented.  The next program example divides the Piggy members into two categories: private and public.  The members that are declared private, such as savings and name are, can only be accessed by members of the Piggy class.  

The members that are declared public, such as the Piggy constructor, getSavings and getName can be accessed by any client, like main, of a Piggy object.  Program Java0809.java in figure 8.11 shows the new Piggy declaration with the desired division of private and public members.

	Private and Public Members

	Members in a class need to be declared as private or public.

Private members cannot be accessed by any program segments outside the class.  

Data attributes of a class usually need to be declared private.

Public members of a class can be accessed by program segments outside the class.




Figure 8.11

// Java0809.java

// This program accesses the object variables only with

// methods of the same object.  The program is divided into

// private and public members.

public class Java0809

{

	
public static void main(String args[])


{



System.out.println("\nJAVA0809.JAVA\n");



Piggy tom = new Piggy("Tom",2000);



System.out.println("Name:    " + tom.getName());



System.out.println("Savings: " + tom.getSavings());



System.out.println();


}      

}

class Piggy

{


private double savings;


private String name;


public Piggy()


{



System.out.println("No parameter constructor");



savings = 0;



name = "";


}


public Piggy(String n,double s)


{



System.out.println("Parameter constructor");



name = n;



savings = s;


}


public double getSavings()


{



return savings;


}


public String getName()


{



return name;


}

}


	Java0809.java Output
JAVA0809.JAVA

Parameter constructor

Name:    Tom

Savings: 2000.0




8.5  The CardDeck Case Study

You know that I believe in repetition, or iteration as good computer science students would say.  This section of the Creating Object Methods chapter will repeat everything that has been shown already.  This kind of repetition is good and reinforces what you have learned or hopefully explains what did not make very good sense on the first time around.

You are going to look at a case study.  This case study involves a CardDeck class, and with the CardDeck class you will start from very humble beginnings and slowly make the class more and more capable.  It is easy to dump a large program in your lap and let you try to figure out what all those statements mean.  Such an approach may not be very beneficial for many students

Before we even look at the very first program example, think about a card deck.  Imagine that you are about to create a very nice, specialized programming tool.  This tool is a CardDeck class.  Why would you want such a tool?  With the CardDeck class you make card games easier to program.  Any card game from Bridge, Canasta, Poker, Old Maid, BlackJack  and all other games display similar features.  All of these games use one or more card decks and a class that processes cards will make writing such games much simpler.

Think about encapsulation now.  What must go in the capsule that we call CardDeck?  You have learned that both data (attributes) and methods (actions) that manipulate the data reside in the same environment.  What type of data is necessary and what kind of methods do you need?  These are the questions that must be answered when you start to design your program.  You think about the classes that are needed to write the program and then you need to think what these classes must do.  Here is a partial list of CardDeck capabilities.  I am sure you can think of more, but that does not matter.  The point is that you think about processes that should take place in a CardDeck object.

	CardDeck Methods

	
Initializing the deck


Shuffling the deck


Dealing from the deck


Counting leftover cards


. . . . . and certainly many more




	CardDeck Data

	
Number of decks


Number of players


Number of cards dealt with each hand


Number of cards left on the deck


. . . . . and certainly many more





Did you notice the pattern of the methods and the data.  Every method that was considered for the CardDeck class is in the form of a verb.  It involves action.  At the same time all the data stores information and is in the form of a noun.

This realization of nouns and verbs is not new and it is not peculiar to the CardDeck class.  It is true for all classes and this models real life.  Our world is filled with objects and all objects have nouns and verbs attached to them.  It is not possible to think or talk about objects without using nouns and verbs.  A door opens/closes, a candle burns, a fireplace warms, a car drives, a man walks and so on.  And yes, forgive me, but people themselves are objects.  We have eyes that see, ears that hear, noses that smell, tongues that taste, fingers that touch, a heart that pumps and the list goes on.

Case Study #01, the Minimal CardDeck Class

Case studies tend to come in two formats.  The first type presents a completed program.  An execution of the completed program is demonstrated followed by an investigation of every component in the program.  Explanations are given about the design of the program and the decisions that were made to arrive at a final solution that is presented.

The second style of case study starts with very minimal program statements.  Step after small step the program grows and an explanation is given with each small improvement along the way.  There are good arguments for each style of case study and those arguments are not significant right now.  

The CardDeck case study that follows will use the second case study style.  The very first program presented is about as minimal as it can be presented and still compile.  It is very important to understand Object Oriented Programming principles, but it is also important to understand the proper program syntax that is necessary to make correct program statements.  

Figure 8.12

// Java0810.java

// CardDeck Case Study #01

// This shows the minimum CardDeck declaration.  This program

	// does not use the CardDeck object yet, but it will compile.

public class Java0810

{


public static void main(String args[])


{



System.out.println("\nCard Deck Case Study 01\n");



CardDeck d = new CardDeck();



System.out.println();


}

}

class CardDeck

{

}




	Java0810.java Output
Card Deck Case Study 01




Program Java0810.java, in figure 8.12, brings little excitement, but it sets the stage.  The main method instantiates a CardDeck object, but nothing can be done with this object.  However, the program compiles and creates a simple skeleton for the start of our case study.

Case Study #02, Adding Variables
What type of data needs to be stored in the CardDeck class?  This question was asked earlier, but it is not necessary to make the list complete.  The purpose of the case study is to present an introduction to Object Oriented Programming, and specifically, the process of encapsulation.  It is not the goal to make a fully functional CardDeck class, but the hope is that the information presented will make it possible to create such a class, if needed.  For now there will only be three variables.  There are numDecks to store the number of card decks, numPlayers to store the number of players in the game, and cardsLeft to store the number of cards left in the deck(s).  Program Java0811.java in figure 8.13 adds these variables, but nothing is done yet besides placing the variables in the correct location.   

Figure 8.13

// Java0811.java

// CardDeck Case Study #02

// Variables are added to the CardDeck class

	public class Java0811

{


public static void main(String args[])


{



System.out.println("\nCard Deck Case Study 02\n");



System.out.println();



CardDeck D = new CardDeck();



System.out.println();


}

}

class CardDeck

{


int numDecks;

// number of decks in a game


int numplayers;

// number of players in a game


int cardsLeft;

// number of cards left in the deck(s)

}




	Java0811.java Output
Card Deck Case Study 02




Case Study #03, Accessing Class Variables
The previous boring programs need a little excitement.  Let us add some values to our variables and then display the values.  How are the variables accessed?  Well the general approach to access any field in an object is to use the object identifier, followed by a period and then followed by the field identifier.  This means that if d is an object of the CardDeck class, and numDecks is a field identifier in the class, then you would use syntax like d.numDecks to access a field inside the object.

This is precisely what is done by program Java0812.java in figure 8.14.  First, values are assigned to the three CardDeck variables and then those values are displayed.  You will find that the program compiles just nicely and it also gives the desired, correct output.

Figure 8.14

	// Java0812.java

// CardDeck Case Study #03

// CardDeck variables are accessed directly by the "main" method outside the CardDeck

// class.  The program compiles, and executes.  This approach greatly compromises 

// program reliability and demonstrates very poor OOP program design.

public class Java0812

{


public static void main(String args[])


{



System.out.println("\nCard Deck Case Study 03\n");



CardDeck d = new CardDeck();



d.numDecks = 4;



d.numPlayers = 5;



d.cardsLeft = 208;



System.out.println(d.numDecks + " card deck(s)");  



System.out.println(d.numPlayers + " players");



System.out.println(d.cardsLeft + " cards left");



System.out.println(); 


}

}

class CardDeck

{



int numDecks;

// number of decks in a game


int numPlayers;

// number of players in a game


int cardsLeft;

// number of cards left in the deck(s)

}




	Java0812.java Output
Card Deck Case Study 03

4 card deck(s)

5 players

208 cards left




Case Study #04, Making Data Private

Compiling and nice output are lovely, but it is not sufficient.  We committed a serious offense and the OOP Police will probably gives us several tickets.  The essence of encapsulation is to package the data and the methods that access the data in one container.  However, it is not sufficient to package data and methods together, you also need to insure that only a select number of methods can access the data.  Accessing the data directly, from outside the class, is a very serious crime in OOP Land.  The next stage in the case study shows how to insure against that problem by declaring the data attributes as private.  

Figure 8.15.

// Java0813.java

// Carddeck Case Study #04

// All the variables in the CardDeck class are declared as "private".

	// This prevents outside access to the variables.  The program will no 

// longer compile because "main" attempts to access private data.

public class Java0813

{


public static void main(String args[])


{



System.out.println("\nCard Deck Case Study 04\n");



CardDeck d = new CardDeck();



d.numDecks = 4;



d.numPlayers = 5;



d.cardsLeft = 208;



System.out.println(d.numDecks + " card deck(s)");  



System.out.println(d.numPlayers + " players");



System.out.println(d.cardsLeft + " cards left");



System.out.println(); 


}

}

class CardDeck

{



private int numDecks;

// number of decks in a game


private int numPlayers;

// number of players in a game


private int cardsLeft;

// number of cards left in the deck(s)

}




	Java0813.java Output
Java0813.java:23: numDecks has private access in CardDeck

      d.numDecks = 4;

       ^

Java0813.java:24: numPlayers has private access in CardDeck

      d.numPlayers = 5;

       ^

Java0813.java:24: cardsLeft has private access in CardDeck


d.cardsLeft = 208;

       ^

Java0813.java:26: numDecks has private access in CardDeck

      System.out.println(d.numDecks + " card deck(s)");

                          ^

Java0813.java:27: numPlayers has private access in CardDeck

      System.out.println(d.numPlayers + " players");

                          ^

Java0813.java:28: cardsLeft has private access in CardDeck

      System.out.println(d.cardsLeft + " cards left");

                          ^

6 errors




Case Study #05, Adding a Constructor
Our CardDeck class needs to start getting serious.  A class with only data cannot properly behave in an OOP environment.  There need to be special modules that process the data and perform tasks necessary for the class.  The first method will be a constructor for the CardDeck class.  The job of the constructor is to initialize the variables of a CardDeck object.  The constructor is automatically called by the new operator and increases reliability by assigning correct starting values to the data.  Program Java0814.java, in figure 8.16, shows the improvement created by adding a constructor to the program.

Figure 8.16

// Java0814.java

// CardDeck Case Study #05

// The CardDeck class now has a constructor to initialize variables

// during the instantiation of a new CardDeck object.

	public class Java0814

{


public static void main(String args[])


{



System.out.println("\nCard Deck Case Study 05\n");



CardDeck d = new CardDeck();



System.out.println();


}

}

class CardDeck

{


private int numDecks;

// number of decks in a game


private int numPlayers;

// number of players in a game


private int cardsLeft;

// number of cards left in the deck(s)


public CardDeck()


{



numDecks = 1;



numPlayers = 1;



cardsLeft = 52;


}

}


	Java0814.java Output
Card Deck Case Study 05




Case Study #06, Accessing Methods
Constructors are designed to initialize private data members.  Constructors should not be in charge of displaying data values.  Furthermore, even a very versatile constructor has built-in limitations.  The constructor show starts and is over very rapidly.  It is only during the instantiation of a new object that the constructor is called.  Our CardDeck class needs a few old-fashioned methods that access the private data and return their values.  Program Java0815.java, in figure 8.17, adds three small, simple methods to return the data values.  This is proper access. You will note that the methods are declared public.  This means that some class outside the CardDeck class can call these methods.  This is fine, because the public member methods in turn access the private data, and everybody is happy.    

Figure 8.17

// Java0815.java

// CardDeck Case Study #06

// The CardDeck class now has three accessing functions to return 

	// variable values of CardDeck objects.

public class Java0815

{


public static void main(String args[])


{



System.out.println("\nCard Deck Case Study 06\n");



CardDeck d = new CardDeck();



System.out.println(d.getDecks() + " card deck(s)");  



System.out.println(d.getPlayers() + " players");



System.out.println(d.getCards() + " cards left");



System.out.println();


}

}

class CardDeck

{


private int numDecks;

// number of decks in a game


private int numPlayers;

// number of players in a game


private int cardsLeft;

// number of cards left in the deck(s)


public CardDeck()


{



numDecks = 1;



numPlayers = 1;



cardsLeft = 52;


}


public int getDecks() 

{ return numDecks; }


public int getPlayers() 

{ return numPlayers; }


public int getCards() 

{ return cardsLeft; }

}


Figure 8.17 continued
	Java0815.java Output
Card Deck Case Study 06

1 card deck(s)

1 players

52 cards left




Case Study #07, Improving the Constructor
It is easy to think that constructors exist for the purpose of initializing object data.  Constructors certainly fill that role, but it is not the only role.  In more general terms the constructor prepares the new object to fulfill its duty as best as possible.  This starts with correct initial values, but there is more.  Think card games now.  Is it not very important that a deck is shuffled before any game begins.  Any computer game that involves cards needs some means to shuffle the decks before they are used.  Shuffling seems like a good candidate for a new method, and it is also a terrific candidate for improving the constructor.  The constructor is called automatically, and it is capable of calling other methods in the class.  By including a call to a shuffling method, the constructor insures that any newly constructed CardDeck object is shuffled and ready to go.

The shuffling method will also be used to illustrate another point.  So far you have seen that all the CardDeck data variables are declared private, and all the CardDeck methods are declared public.  It is easy to draw the conclusion that data is always private and methods are always public.  It is a safe bet that most data should be declared private.  However, it is not always the case that methods need to be declared public.  

Classes include helper methods.  Helper methods are not meant to perform a procedure that is used by some other class.  A helper method exists for the purpose of assisting some other method in the same class.  The shuffling method is one example of such a helper method.  Your lab assignment has an excellent example of a method that is only needed within the class.  For the lab assignment you will work with a Rational class.  The purpose of the rational class is to store and manipulate rational numbers.  Rational numbers include whole numbers and fractions.  One important capability of the Rational class is the ability to reduce fractions, and this can be done with the Greatest Common Factor (GCF).  A private, helper method, computeGCF assists the reduce method, but it is not needed anywhere else.  Program Java0816.java, in figure 8.18 demonstrates the use of a  private method in a class.

Figure 8.18

// Java0816.java

// CardDeck Case Study #07

// This program adds the shuffleCards method, which is a private method used by

	// the CardDeck constructor.  This is an example of increasing reliability by

// the automatic constructor call.

class Java0816

{


public static void main(String args[])


{



System.out.println("\nCard Deck Case Study 07\n");



CardDeck d = new CardDeck();



System.out.println(d.getDecks() + " card deck(s)");  



System.out.println(d.getPlayers() + " players");



System.out.println(d.getCards() + " cards left");



System.out.println();


}

}

class CardDeck

{


private int numDecks;

// number of decks in a game


private int numPlayers;

// number of players in a game


private int cardsLeft;

// number of cards left in the deck(s)


private void shuffleCards() { System.out.println("Shuffling Cards"); }


public CardDeck()


{



numDecks = 1;



numPlayers = 1;



cardsLeft = 52;



shuffleCards();


}


public int getDecks() 
{ return numDecks; }


public int getPlayers() 
{ return numPlayers; }


public int getCards() 
{ return cardsLeft; }

}




	Java0816.java Output
Card Deck Case Study 07

Shuffling Cards

1 card deck(s)

1 players

52 cards left




Case Study #08, Adding a Second Constructor
Every CardDeck object starts its life the same boring way.  1 Deck, 1 player and 52 CardsLeft.  There are many card games with more than one player and there are also card games with more than one deck in the game.  You have seen overloaded methods before and this is a situation where overloaded methods are very useful.  It is allowed, and strongly encouraged, to create multiple constructors in a class.  You have a default constructor, which is good when no parameters are specified for the new object.  After the default constructor you can declare extra constructors for a variety of different situations.  In our case it will be to create a CardDeck object with a specified number of numDecks and numPlayers.  cardsLeft will not need to be specified because that value is computed as a function of the value of numDecks specified for the new object.  Program Java0817.java, in figure 8.19, shows the two constructors in one class.

Figure 8.19

	// Java0817.java

// CardDeck Case Study #08

// This program adds a second, overloaded constructor.  It is now

// possible to instantiate a new CardDeck object with specified data values.

public class Java0817

{

   public static void main(String args[])

   {

      System.out.println("\nCard Deck Case Study 07\n");

      CardDeck d1 = new CardDeck();

      System.out.println(d1.getDecks() + " card deck(s)");  

      System.out.println(d1.getPlayers() + " players");

      System.out.println(d1.getCards() + " cards left");

      System.out.println();

      CardDeck d2 = new CardDeck(4,5);

      System.out.println(d2.getDecks() + " card deck(s)");  

      System.out.println(d2.getPlayers() + " players");

      System.out.println(d2.getCards() + " cards left");

      System.out.println();

   }

}

class CardDeck

{

   private int numDecks;


// number of decks in a game

   private int numPlayers;

// number of players in a game

   private int cardsLeft;


// number of cards left in the deck(s)

   private void shuffleCards() { System.out.println("Shuffle Cards"); }

   public CardDeck()

   {

      System.out.println("Constructing a default CardDeck object");

      numDecks = 1;

      numPlayers = 1;

      cardsLeft = 52;

      shuffleCards();

   }

   public CardDeck(int d, int p)

   {

      System.out.println("Constructing a CardDeck object with parameters");

      numDecks = d;

      numPlayers = p;

      cardsLeft = d * 52;

      shuffleCards();

   }

   public int getDecks() 

{ return numDecks; }

   public int getPlayers() 
{ return numPlayers; }

   public int getCards() 

{ return cardsLeft; }

}




	Java0817.java Output
Card Deck Case Study 07

Constructing a default CardDeck object

Shuffle Cards

1 card deck(s)

1 players

52 cards left

Constructing a CardDeck object with parameters

Shuffle Cards

4 card deck(s)

5 players

208 cards left




8.6  The Bank Class Revisited
In an earlier chapter, you learned the difference between using class methods and object methods.  The Math class was used as an example of working with class methods.  This was followed by a Bank class.  With the Bank class it made sense to construct multiple objects for each one of the bank customers.  Savings accounts and checking accounts store balance information for each separate object.  You were intentionally not shown the implementation of the Bank class.  It is not necessary to see how a class is implemented to know how to use such a class.  All you need are the method identifiers with their parameters and a description of the action of each method.

In this chapter the focus is on writing classes that use object methods.  The Bank class is a nice example of a simple, yet effective, class with object methods.  Figure 8.20 show the driver program that tests the Bank class, and the actual Bank class is shown in figure 8.21.  Make note that each one of the methods in the Bank class lacks the static reserved word.  Without the static word a method is an object method and can only be called with an object identifier after a new object is constructed.  

Figure 8.20
	// Java0818.java

// This test the <Bank> class, which was originally used in Chapter III.

// This time the source code of Bank.java is shown.

public class Java0818

{


public static void main (String args[])


{



System.out.println("\nJAVA0818.JAVA\n");



Bank tom = new Bank(5000.0,10000.0);



Bank sue = new Bank(3000.0,15000.0);

        
System.out.println("Tom's checking balance: " + tom.getChecking());



System.out.println("Tom's savings balance:  " + tom.getSavings());



System.out.println("Sue's checking balance: " + sue.getChecking());



System.out.println("Sue's savings balance:  " + sue.getSavings());



System.out.println();



System.out.println("Tom makes a $1000.00 checking withdrawal");



tom.changeChecking(-1000.0);



System.out.println("Tom makes a $2000.00 savings withdrawal");



tom.changeSavings(-2000.0);



System.out.println("Sue makes a $1500.00 checking deposit");



sue.changeChecking(+1500.0);



System.out.println("Sue makes a $3000.00 savings deposit");



sue.changeSavings(+3000.0);



System.out.println();





System.out.println("Tom's combined balance: " + tom.getCombined());



System.out.println("Sue's combined balance: " + sue.getCombined());



System.out.println();



tom.closeChecking();



tom.closeSavings();



sue.closeChecking();



sue.closeSavings();



System.out.println("Tom's combined balance: " + tom.getCombined());



System.out.println("Sue's combined balance: " + sue.getCombined());



System.out.println();


}

}




Figure 8.21
	// Bank.java

// This file contains the Bank class used to demonstrate using object methods

// for chapter III.  This source code file should not be provided to students.

// This file is not necessary for the lab assignment.  It is stored there to

// allow teachers to see the source code.

public class Bank

{


private double checking;


private double savings;


public Bank()


{



checking = 0.0;



savings = 0.0;


}


public Bank(double c, double s)


{



checking = c;



savings = s;


}


public double getChecking()


{



return checking;


}


public double getSavings()


{



return savings;


}


public double getCombined()


{



return checking + savings;


}


public void changeChecking(double amount)


{



checking += amount;


}


public void changeSavings(double amount)


{



savings += amount;


}


public void closeChecking()


{



checking = 0;


}


public void closeSavings()


{



savings = 0;


}

}




Figure 8.20 Continued
	Java0818.java Output
JAVA0818.JAVA

Tom's checking balance: 5000.0

Tom's savings balance:  10000.0

Sue's checking balance: 3000.0

Sue's savings balance:  15000.0

Tom makes a $1000.00 checking withdrawal

Tom makes a $2000.00 savings withdrawal

Sue makes a $1500.00 checking deposit

Sue makes a $3000.00 savings deposit

Tom's combined balance: 12000.0

Sue's combined balance: 22500.0

Tom's combined balance: 0.0

Sue's combined balance: 0.0




8.7  Method Summary
Object Oriented Programming is a topic that is not introduced with one light brush stroke.  It will take many chapters, lots of program examples, and considerable repetition to get a strong grip on this important concept and modern style of programming.  There will be more chapters in the future on OOP, and do not be surprised if you see many topics repeated several more times.  Never forget that the author is a fanatic in the Exposure department

The primary focus of this chapter was on creating object methods as opposed to creating class methods introduced in the last chapter.  By now you have already seen an amazing number of different methods.  In an effort to clarify all these methods, this chapter will conclude with a review of each type of method.  Each method will be briefly explained and then an example of such a method is shown to review the precise Java syntax that is required.

Class Methods

A class method calls the class directly, not an object of the class.  This is practical when there is no need to make multiple copies of a class.  A good example is Java’s Math class.  Everybody can use the methods of the Math class and there is no need to make multiple objects.  The value of PI will be same with everybody using this class.  Use the reserved word static at the start of a method heading to indicate that the method is a class method.  In figure 8.22 notice how each method in the Piggy class is called by using the class identifier Piggy.

Figure 8.22
	public class Demo 

{


public static void main(String args[])


{



Piggy.initData();



Piggy.showData();



Piggy.addData(1200);



Piggy.showData();


}      

}

class Piggy

{


public static double savings;


public static void initData()  



{  savings = 0;  }


public static void addData(double s) 
{  savings += s;  }


public static void showData()  


{  System.out.println("Savings: " + savings);  }

}




Object Methods

Object methods are meant for those situations where multiple copies of a class must be constructed.  The essence of the method does not change.  What really changes is the fact that now an object must be constructed first with the new operator, and then the method can be called.  In contrast to the class methods, object methods are called by using the object identifier.  In the example below, the same Piggy class is used, with the same methods.  Now the methods do not use the static keyword and figure 8.23 shows that any object must be called with an object identifier, like tom.

Figure 8.23
	public class Demo

{


public static void main(String args[])


{



Piggy tom = new Piggy();



tom.initData();



tom.showData();



tom.addData(1200);



tom.showData();


}      

}

class Piggy

{


private double savings;


public void initData()  


{  



savings = 0;   


}


public void addData(double s)  


{  



savings += s;  


}


public void showData()  


{  



System.out.println("Savings: " + savings);  


}

}


Make also a note that the example in figures 8.22 and 8.23 differ in style.  The methods in figure 8.22 are written on one line.  This is not a class method requirement.  Identical methods in figure 8.23 are written on multiple lines.  Java is a free-form language and programming style is a matter of convention and taste.  Frequently, small methods are written on a single line.

Private Methods

Private methods can only be accessed by methods of the same class.  Normally, such methods are called helper methods and they assist other methods that will be used by some client program of the class.  The shuffleCards method is an example of a private method in figure 8.24.

Figure 8.24
	
private void shuffleCards() 


{ 



System.out.println("Shuffle Cards"); 


}




Public Methods

A public method can be accessed by members of the same class, and more importantly public methods can be accessed by any client of the class.  The majority of methods are public.  Method getCards, in figure 8.25 is public.

Figure 8.25
	
public int getCards() 


{ 



return cardsLeft; 


}




Void Methods

There are many ways to classify methods.  Methods are not just public only, or private only, or static only, or anything else only.  You, personally, have many classifications at the same time.  You can be a Sophomore, Junior or Senior.  At the same time you can be Male or Female.  You can also belong to a religious group and you can be Catholic, Muslim, Jewish, Protestant or non-denominational or no religion at all.  Classification also can be based on school organizations.  You can be a band member, cheerleader, football player, gymnast, soccer player, academic decathlon member, etc.  The point is do not be surprised if you see that a method shows up in many different classifications.  The method in figure 8.26 is a public method, but for the purpose of this classification we are interested in the fact that it is a void method.  Void methods do not return a value and use the reserved word void to indicate that no value will be returned.

Figure 8.26
	
public void ShowData()


{



System.out.println("Name:    " + name);



System.out.println("Savings: " + savings);


}




Return Methods

Return methods are methods that return a value.  Two features are necessary for a return method, and look for them in figure 8.27.  First, you will see that the method heading indicates a data type, which is the type that the method returns.  Second, you see a return statement in the method body.

Figure 8.27
	
public double GetSavings()


{



return savings;


}




Default Constructor Methods

A constructor is a special method that is automatically called during the instantiation of a new object.  If no visible constructor is provided Java will provide its own constructor, called a default constructor.  I also call a no-parameter constructor a default constructor, like the example shown in figure 8.28.  Constructors are always public and they are special methods that are neither void nor return methods. 

Figure 8.28
	
public CardDeck()


{



System.out.println("Constructing a default CardDeck object");



numDecks = 1;



numPlayers = 1;



cardsLeft = 52;



shuffleCards();


}




Overloaded Constructor Methods

An overloaded constructor is a second, third or more constructor that allows a new object to be instantiated according to some specifications that are passed by parameters.  Figure 8.29 shows an overloaded CardDeck constructor, which enters numDecks and numPlayers information.

Figure 8.29
	
public CardDeck(int d, int p)


{



System.out.println("Constructing a CardDeck object with parameters");



numDecks = d;



numPlayers = p;



cardsLeft = d * 52;



shuffleCards();


}




Accessing or Get Methods

Methods that only access object data without altering the data are access methods or frequently called get methods.  Frequently access methods are return methods, which return object private data information.  The example in figure 8.30 returns the value of numDecks.  

Figure 8.30
	
public int getDecks() 


{ 



return numDecks; 


}




Altering or Mutator or Set Methods

Altering methods are sometimes also called mutator methods or set methods.  These are methods that not only access the private data of an object, they also alter the value of the method.  The example in figure 8.31 accesses Savings and adds the value of s to savings.

Figure 8.31
	
public void addData(double s)


{



savings += s;

 
}
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