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Packages and Interfaces

This chapter examines two of Java’s most innovative features: packages and interfaces. Packages 
are containers for classes. They are used to keep the class name space compartmentalized. For 
example, a package allows you to create a class named List, which you can store in your own 
package without concern that it will collide with some other class named List stored elsewhere. 
Packages are stored in a hierarchical manner and are explicitly imported into new class 
definitions.

In previous chapters, you have seen how methods define the interface to the data in a 
class. Through the use of the interface keyword, Java allows you to fully abstract an interface 
from its implementation. Using interface, you can specify a set of methods that can be 
implemented by one or more classes. In its traditional form, the interface, itself, does not 
actually define any implementation. Although they are similar to abstract classes, interfaces 
have an additional capability: A class can implement more than one interface. By contrast, a 
class can only inherit a single superclass (abstract or otherwise).

Packages
In the preceding chapters, the name of each example class was taken from the same name 
space. This means that a unique name had to be used for each class to avoid name collisions. 
After a while, without some way to manage the name space, you could run out of convenient, 
descriptive names for individual classes. You also need some way to be assured that the 
name you choose for a class will be reasonably unique and not collide with class names 
chosen by other programmers. (Imagine a small group of programmers fighting over who 
gets to use the name “Foobar” as a class name. Or, imagine the entire Internet community 
arguing over who first named a class “Espresso.”) Thankfully, Java provides a mechanism for 
partitioning the class name space into more manageable chunks. This mechanism is the 
package. The package is both a naming and a visibility control mechanism. You can define 
classes inside a package that are not accessible by code outside that package. You can also 
define class members that are exposed only to other members of the same package. This 
allows your classes to have intimate knowledge of each other, but not expose that knowledge 
to the rest of the world.

09-ch09.indd   187 14/02/14   4:50 PM



CompRef_2010 /  Java The Complete Reference, Ninth Edition /Schildt  / 007180 855-8 

188   PART I    The Java Language

Defining a Package
To create a package is quite easy: simply include a package command as the first statement 
in a Java source file. Any classes declared within that file will belong to the specified package. 
The package statement defines a name space in which classes are stored. If you omit the 
package statement, the class names are put into the default package, which has no name. 
(This is why you haven’t had to worry about packages before now.) While the default 
package is fine for short, sample programs, it is inadequate for real applications. Most of 
the time, you will define a package for your code.

This is the general form of the package statement:

package pkg;

Here, pkg is the name of the package. For example, the following statement creates a 
package called MyPackage:

package MyPackage;

Java uses file system directories to store packages. For example, the .class files for any 
classes you declare to be part of MyPackage must be stored in a directory called MyPackage. 
Remember that case is significant, and the directory name must match the package name 
exactly.

More than one file can include the same package statement. The package statement 
simply specifies to which package the classes defined in a file belong. It does not exclude 
other classes in other files from being part of that same package. Most real-world packages 
are spread across many files.

You can create a hierarchy of packages. To do so, simply separate each package name 
from the one above it by use of a period. The general form of a multileveled package 
statement is shown here:

package pkg1[.pkg2[.pkg3]];

A package hierarchy must be reflected in the file system of your Java development 
system. For example, a package declared as

package java.awt.image;

needs to be stored in java\awt\image in a Windows environment. Be sure to choose your 
package names carefully. You cannot rename a package without renaming the directory in 
which the classes are stored.

Finding Packages and CLASSPATH
As just explained, packages are mirrored by directories. This raises an important question: 
How does the Java run-time system know where to look for packages that you create? The 
answer has three parts. First, by default, the Java run-time system uses the current working 
directory as its starting point. Thus, if your package is in a subdirectory of the current 
directory, it will be found. Second, you can specify a directory path or paths by setting the 
CLASSPATH environmental variable. Third, you can use the -classpath option with java 
and javac to specify the path to your classes.
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For example, consider the following package specification:

package MyPack

In order for a program to find MyPack, one of three things must be true. Either the program 
can be executed from a directory immediately above MyPack, or the CLASSPATH must be 
set to include the path to MyPack, or the -classpath option must specify the path to MyPack 
when the program is run via java.

When the second two options are used, the class path must not include MyPack, itself. It 
must simply specify the path to MyPack. For example, in a Windows environment, if the path 
to MyPack is

C:\MyPrograms\Java\MyPack

then the class path to MyPack is

C:\MyPrograms\Java

The easiest way to try the examples shown in this book is to simply create the package 
directories below your current development directory, put the .class files into the 
appropriate directories, and then execute the programs from the development directory. 
This is the approach used in the following example.

A Short Package Example
Keeping the preceding discussion in mind, you can try this simple package:

// A simple package 
package MyPack; 
 
class Balance { 
  String name; 
  double bal; 
 
  Balance(String n, double b) { 
    name = n; 
    bal = b; 
  } 
 
  void show() { 
    if(bal<0) 
      System.out.print("--> "); 
    System.out.println(name + ": $" + bal); 
  } 
} 
 
class AccountBalance { 
  public static void main(String args[]) { 
    Balance current[] = new Balance[3]; 
 
    current[0] = new Balance("K. J. Fielding", 123.23); 
    current[1] = new Balance("Will Tell", 157.02); 
    current[2] = new Balance("Tom Jackson", -12.33); 
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    for(int i=0; i<3; i++) current[i].show(); 
  } 
}

Call this file AccountBalance.java and put it in a directory called MyPack.
Next, compile the file. Make sure that the resulting .class file is also in the MyPack 

directory. Then, try executing the AccountBalance class, using the following command line:

java MyPack.AccountBalance

Remember, you will need to be in the directory above MyPack when you execute this 
command. (Alternatively, you can use one of the other two options described in the 
preceding section to specify the path MyPack.)

As explained, AccountBalance is now part of the package MyPack. This means that it 
cannot be executed by itself. That is, you cannot use this command line:

java AccountBalance

AccountBalance must be qualified with its package name.

Access Protection
In the preceding chapters, you learned about various aspects of Java’s access control 
mechanism and its access modifiers. For example, you already know that access to a private 
member of a class is granted only to other members of that class. Packages add another 
dimension to access control. As you will see, Java provides many levels of protection to allow 
fine-grained control over the visibility of variables and methods within classes, subclasses, 
and packages.

Classes and packages are both means of encapsulating and containing the name space 
and scope of variables and methods. Packages act as containers for classes and other 
subordinate packages. Classes act as containers for data and code. The class is Java’s 
smallest unit of abstraction. Because of the interplay between classes and packages, Java 
addresses four categories of visibility for class members:

•	 Subclasses in the same package

•	 Non-subclasses in the same package

•	 Subclasses in different packages

•	 Classes that are neither in the same package nor subclasses

The three access modifiers, private, public, and protected, provide a variety of ways to 
produce the many levels of access required by these categories. Table 9-1 sums up the 
interactions.

While Java’s access control mechanism may seem complicated, we can simplify it as 
follows. Anything declared public can be accessed from anywhere. Anything declared 
private cannot be seen outside of its class. When a member does not have an explicit access 
specification, it is visible to subclasses as well as to other classes in the same package. This is 
the default access. If you want to allow an element to be seen outside your current package, 
but only to classes that subclass your class directly, then declare that element protected.
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Table 9-1 applies only to members of classes. A non-nested class has only two possible 
access levels: default and public. When a class is declared as public, it is accessible by any 
other code. If a class has default access, then it can only be accessed by other code within its 
same package. When a class is public, it must be the only public class declared in the file, 
and the file must have the same name as the class.

An Access Example
The following example shows all combinations of the access control modifiers. This 
example has two packages and five classes. Remember that the classes for the two different 
packages need to be stored in directories named after their respective packages—in this 
case, p1 and p2.

The source for the first package defines three classes: Protection, Derived, and 
SamePackage. The first class defines four int variables in each of the legal protection 
modes. The variable n is declared with the default protection, n_pri is private, n_pro is 
protected, and n_pub is public.

Each subsequent class in this example will try to access the variables in an instance of 
this class. The lines that will not compile due to access restrictions are commented out. 
Before each of these lines is a comment listing the places from which this level of 
protection would allow access.

The second class, Derived, is a subclass of Protection in the same package, p1. This 
grants Derived access to every variable in Protection except for n_pri, the private one. The 
third class, SamePackage, is not a subclass of Protection, but is in the same package and 
also has access to all but n_pri.

This is file Protection.java:

package p1; 
 
public class Protection { 
  int n = 1; 
  private int n_pri = 2; 
  protected int n_pro = 3; 
  public int n_pub = 4; 
 
  public Protection() { 
    System.out.println("base constructor"); 
    System.out.println("n = " + n); 
    System.out.println("n_pri = " + n_pri); 
    System.out.println("n_pro = " + n_pro); 

Table 9-1 Class Member Access

Private No Modifier Protected Public
Same class Yes Yes Yes Yes

Same package subclass No Yes Yes Yes

Same package non-subclass No Yes Yes Yes

Different package subclass No No Yes Yes

Different package non-subclass No No No Yes
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    System.out.println("n_pub = " + n_pub); 
  } 
}

This is file Derived.java:

package p1; 
 
class Derived extends Protection { 
  Derived() { 
    System.out.println("derived constructor"); 
    System.out.println("n = " + n); 
 
// class only 
// System.out.println("n_pri = "4 + n_pri); 
 
   System.out.println("n_pro = " + n_pro); 
   System.out.println("n_pub = " + n_pub); 
  } 
}

This is file SamePackage.java:

package p1; 
 
class SamePackage { 
  SamePackage() { 
 
    Protection p = new Protection(); 
    System.out.println("same package constructor"); 
    System.out.println("n = " + p.n); 
 
// class only 
// System.out.println("n_pri = " + p.n_pri); 
 
   System.out.println("n_pro = " + p.n_pro); 
   System.out.println("n_pub = " + p.n_pub); 
  } 
}

Following is the source code for the other package, p2. The two classes defined in p2 
cover the other two conditions that are affected by access control. The first class, Protection2, 
is a subclass of p1.Protection. This grants access to all of p1.Protection’s variables except  
for n_pri (because it is private) and n, the variable declared with the default protection. 
Remember, the default only allows access from within the class or the package, not extra-
package subclasses. Finally, the class OtherPackage has access to only one variable, n_pub, 
which was declared public.

This is file Protection2.java:

package p2; 
 
class Protection2 extends p1.Protection { 
  Protection2() { 
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    System.out.println("derived other package constructor"); 
 
//  class or package only 
//  System.out.println("n = " + n); 
 
//  class only 
//  System.out.println("n_pri = " + n_pri); 
 
    System.out.println("n_pro = " + n_pro); 
    System.out.println("n_pub = " + n_pub); 
  } 
}

This is file OtherPackage.java:

package p2; 
 
class OtherPackage { 
  OtherPackage() { 
    p1.Protection p = new p1.Protection(); 
    System.out.println("other package constructor"); 
 
//  class or package only 
//  System.out.println("n = " + p.n); 
 
//  class only 
//  System.out.println("n_pri = " + p.n_pri); 
 
//  class, subclass or package only 
//  System.out.println("n_pro = " + p.n_pro); 
 
    System.out.println("n_pub = " + p.n_pub); 
  } 
}

If you want to try these two packages, here are two test files you can use. The one for 
package p1 is shown here:

// Demo package p1. 
package p1; 
 
// Instantiate the various classes in p1. 
public class Demo { 
  public static void main(String args[]) { 
    Protection ob1 = new Protection(); 
    Derived ob2 = new Derived(); 
    SamePackage ob3 = new SamePackage(); 
  } 
}

The test file for p2 is shown next:

// Demo package p2. 
package p2; 
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// Instantiate the various classes in p2. 
public class Demo { 
  public static void main(String args[]) { 
    Protection2 ob1 = new Protection2(); 
    OtherPackage ob2 = new OtherPackage(); 
  } 
}

Importing Packages
Given that packages exist and are a good mechanism for compartmentalizing diverse classes 
from each other, it is easy to see why all of the built-in Java classes are stored in packages. 
There are no core Java classes in the unnamed default package; all of the standard classes 
are stored in some named package. Since classes within packages must be fully qualified with 
their package name or names, it could become tedious to type in the long dot-separated 
package path name for every class you want to use. For this reason, Java includes the import 
statement to bring certain classes, or entire packages, into visibility. Once imported, a class 
can be referred to directly, using only its name. The import statement is a convenience to 
the programmer and is not technically needed to write a complete Java program. If you are 
going to refer to a few dozen classes in your application, however, the import statement will 
save a lot of typing.

In a Java source file, import statements occur immediately following the package 
statement (if it exists) and before any class definitions. This is the general form of the 
import statement:

import pkg1 [.pkg2].(classname | *);

Here, pkg1 is the name of a top-level package, and pkg2 is the name of a subordinate 
package inside the outer package separated by a dot (.). There is no practical limit on the 
depth of a package hierarchy, except that imposed by the file system. Finally, you specify 
either an explicit classname or a star (*), which indicates that the Java compiler should 
import the entire package. This code fragment shows both forms in use:

import java.util.Date; 
import java.io.*;

All of the standard Java classes included with Java are stored in a package called java. 
The basic language functions are stored in a package inside of the java package called  
java.lang. Normally, you have to import every package or class that you want to use, but 
since Java is useless without much of the functionality in java.lang, it is implicitly imported 
by the compiler for all programs. This is equivalent to the following line being at the top  
of all of your programs:

import java.lang.*;

If a class with the same name exists in two different packages that you import using the 
star form, the compiler will remain silent, unless you try to use one of the classes. In that 
case, you will get a compile-time error and have to explicitly name the class specifying its 
package.
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It must be emphasized that the import statement is optional. Any place you use a class 
name, you can use its fully qualified name, which includes its full package hierarchy. For 
example, this fragment uses an import statement:

import java.util.*; 
class MyDate extends Date { 
}

The same example without the import statement looks like this:

class MyDate extends java.util.Date { 
}

In this version, Date is fully-qualified.
As shown in Table 9-1, when a package is imported, only those items within the package 

declared as public will be available to non-subclasses in the importing code. For example, if 
you want the Balance class of the package MyPack shown earlier to be available as a stand-
alone class for general use outside of MyPack, then you will need to declare it as public and 
put it into its own file, as shown here:

package MyPack; 
 
/* Now, the Balance class, its constructor, and its 
   show() method are public. This means that they can 
   be used by non-subclass code outside their package. 
*/ 
public class Balance { 
  String name; 
  double bal; 
 
  public Balance(String n, double b) { 
    name = n; 
    bal = b; 
  } 
 
  public void show() { 
    if(bal<0) 
      System.out.print("--> "); 
    System.out.println(name + ": $" + bal); 
  } 
}

As you can see, the Balance class is now public. Also, its constructor and its show( ) 
method are public, too. This means that they can be accessed by any type of code outside 
the MyPack package. For example, here TestBalance imports MyPack and is then able to 
make use of the Balance class:

import MyPack.*; 
 
class TestBalance { 
  public static void main(String args[]) { 
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    /* Because Balance is public, you may use Balance 
       class and call its constructor. */ 
    Balance test = new Balance("J. J. Jaspers", 99.88); 
 
    test.show(); // you may also call show() 
  } 
}

As an experiment, remove the public specifier from the Balance class and then try 
compiling TestBalance. As explained, errors will result.

Interfaces
Using the keyword interface, you can fully abstract a class’ interface from its implementation. 
That is, using interface, you can specify what a class must do, but not how it does it. Interfaces 
are syntactically similar to classes, but they lack instance variables, and, as a general rule, 
their methods are declared without any body. In practice, this means that you can define 
interfaces that don’t make assumptions about how they are implemented. Once it is 
defined, any number of classes can implement an interface. Also, one class can implement 
any number of interfaces.

To implement an interface, a class must provide the complete set of methods required 
by the interface. However, each class is free to determine the details of its own implementation. 
By providing the interface keyword, Java allows you to fully utilize the “one interface, 
multiple methods” aspect of polymorphism.

Interfaces are designed to support dynamic method resolution at run time. Normally, 
in order for a method to be called from one class to another, both classes need to be 
present at compile time so the Java compiler can check to ensure that the method 
signatures are compatible. This requirement by itself makes for a static and nonextensible 
classing environment. Inevitably in a system like this, functionality gets pushed up higher 
and higher in the class hierarchy so that the mechanisms will be available to more and 
more subclasses. Interfaces are designed to avoid this problem. They disconnect the 
definition of a method or set of methods from the inheritance hierarchy. Since interfaces 
are in a different hierarchy from classes, it is possible for classes that are unrelated in terms 
of the class hierarchy to implement the same interface. This is where the real power of 
interfaces is realized.

Defining an Interface
An interface is defined much like a class. This is a simplified general form of an interface:

access interface name { 
        return-type method-name1(parameter-list); 
        return-type method-name2(parameter-list); 
 
        type final-varname1 = value; 
        type final-varname2 = value; 
        //... 
        return-type method-nameN(parameter-list); 
        type final-varnameN = value; 
}
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