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Chapter 1

An Overview of the Java Language

1 Introduction

The purpose of this chapter is to give you a brief introduction to the Java language. It is not a tutorial on how to program, and even less a guide to how to program well. We'll spend a large part of this book discussing how programs should be written, but the aim of this chapter is simply to introduce you to the most basic syntax and intuitive semantics of Java.  If you already know Java, you can probably just skim the chapter. We assume that you already have experience programming in a high level language (such as C, C++ or Pascal), including such basic programming concepts as variables, assignment, simple input and output (I/O), conditional execution, loops, and subroutines (called methods in Java parlance). If you don't know how to program, this chapter won't help you.  

We take a spiral approach to introducing Java concepts, introducing just enough at first to get you going, and adding details later.  This approach works well pedagogically, but makes for a frustrating reference.  We recommend that you have an introductory Java text handy that contains a detailed reference section.

It is not necessary to read and master this chapter all at one time.  We have concentrated the Java language material in this one chapter rather than spreading it out through the book.  You should read the first sections of this chapter before going on to Chapter 2, but other sections can wait until you are ready to read later chapters.  Each section in this chapter is keyed to later chapters.   Similarly, each chapter has a prerequisite section telling which sections of this chapter are required reading.  So, let's begin.

2 A first program  

The simplest Java program is a sequence of zero statements; interesting programs are necessarily longer. We'll begin by introducing the parts of the language necessary for the following program.
  Look over the program.  Some of it may look familiar; other parts look like magic incantations (and in some ways they are).  Program output is shown on the next page.

/***********************************

   Program 0: A very gentle introduction to Java

   Description: This program greets the user, requests two integers,

                then displays the sum, product, and quotient of the 

                integers.

*/

import java.io.*;

public class Program0

{



public static void main (String[] args) throws IOException


{



BufferedReader stdin = new BufferedReader 




(new InputStreamReader(System.in));



int num1;

// Holds the two integers entered.



int num2;



String name;
// Holds name.



// Greet the user.



System.out.println("Hello");



System.out.print("What is your name?  -> ");



name=stdin.readLine();



System.out.println("Hello "+name);



// Request and read two integers.



System.out.print("Please enter the first integer. -> ");



num1=Integer.parseInt(stdin.readLine());



System.out.print("Please enter the second integer. -> ");




num2=Integer.parseInt(stdin.readLine());



// Display sum, product and quotient of two integers.



System.out.println("\nThe sum of "+num1+" and "+num2+




" is "+(num1+num2));



System.out.println("The product of "+num1+" and "+num2+




" is "+(num1*num2));



System.out.println("The quotient of "+num1+" and "+num2+




" is "+(((double)num1)/num2));



// Wait before quitting.



System.out.println("\nPlease hit enter to quit.");



name=stdin.readLine();



System.out.println("\nEnd of job");


}  // End of main method.

}  // End of Program0 class.
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This program contains comments that are directed to the reader of the program, declarations of variables, expressions that calculate values, assignment statements that store the values of expressions in variables and input and output statements.

3 Program annotations: Comments

Comments are program annotations that are intended to aid a reader in understanding a program -- what it does, how it works, limitations, etc. Comments do not affect program execution in any way. 

Java comments occur in two distinct forms. A comment of any size and covering any number of lines can be inserted anywhere in a Java program by enclosing the comment text within /* and */, which serve as left and right brackets for the comment. For example:

 /* Read in the radius of a circle and the length of a 


 side of a square and display the areas of the circle 

    and the square. 

 */

Comments delimited by the /* and */ can, in fact, occur in the midst of a program statement; thus

sam = george /* This is not usually a good idea. */ + bill;

will have exactly the same effect as

sam = george + bill;

Note that comments that are begun with /* must be explicitly terminated with a */. 

The second comment form is commonly used for brief comments. Two consecutive slashes (//) signal the beginning of the comment; the comment is terminated by the 'return' character that terminates each line of the program. For example, in the following program segment, the first line contains variable declarations followed by a comment, while the next non-blank line contains only a one line comment.

int radius, side;
// The lengths of the radius and the side.

// Prompt for and read input.

4 Java Identifiers

The power of a programming language is largely a function of the support it provides for abstraction. An abstraction is usually represented by a name. Two rules are needed. The first rule establishes what names are acceptable. The second rule establishes the scope of a name; that is, where in a program a name will be recognized, or “make sense."  We will look at names first and scope a little later.

4.1 Identifier Names

Program entities are either named or anonymous. Identifiers are names given by a programmer to program entities, including variables, constants, methods, classes, etc. There are two rules plus some guidelines for creating identifiers.  First, a Java identifier must begin with a letter, which can then be followed by an arbitrary number of letters, digits, and the underscore character.  Upper and lower case letters are different.  Second, the identifiers must not duplicate Java's reserved words.  As we learn Java, we will encounter most of these reserved words.  Your Java reference will have a complete list.   

The following identifiers are all legal and all different.


Rate_of_pay


rate_of_pay


rateOfPay


r2d2



Average


average

The following names are all illegal for the reasons indicated.


3D




Starts with something other than a letter


Rate of pay

Contains illegal characters: blanks.


Rate-of-pay

Contains illegal characters: dashes.


Delta*


Contains an illegal character: asterisk.


for



Java reserved word.

In addition to these rules, there are several guidelines for creating names.  First, the name should be mnemonic, that is, suggestive of the thing being named.  While it is completely legal to name a variable that holds the number of hours an employee worked in a week in honor of your spouse, your dog, or your favorite wrestler, it is far better to use something like hourWorkedThisWeek.  Second, Java has established some naming conventions that relate the name to the thing being named.  Class names begin with a capital letter; identifiers within a class begin with a lower case letter, but can use subsequent upper case letters for readability (e.g. in rateOfPay), and constants are named with all upper case letters (e.g. PI).   Finally, while there is no limit on the length of identifiers, making them too long can get tedious and can increase the possibility of making a typing error.  So while


the_number_of_days_I_worked_a_full_day_this_week

is a legal name, it is probably not a very good idea.

5 Java primitive data types

Java supports four basic primitive data types: integers (optionally signed numbers with no fractional part), real numbers (optionally signed numbers with a fractional part, even if the fractional part is zero), booleans (true and false), and single characters (such as 'a', '3', and '%').  The integers and real numbers come in several flavors.

5.1 Integers

Java supports four flavors of integer data, each implemented using a different amount of memory and each having a different range of possible values.  The table below shows the four types: byte, short, int, and long, along with the number of bytes each occupies and the range of values.  


type
memory required


range


byte

1 byte



-128...127


short

2 bytes



-32,768...32,767


int

4 bytes



-2,147,483,648...2,147,483,647


long

8 bytes 



-9,223,372,036,854,775,808...





 





 9,223,372,036,854,775,807

Notice the asymmetry in the range; there is one more negative number than positive.  One byte, for example can hold any one of 256 values from 00000000 through 11111111.  If one of those values represents zero, that leaves an odd number of values to represent the nonzero numbers.  The integer representation used by most computers represents zero as 00000000, the positive numbers with a leading zero (for example, 00000001 through 01111111), and the negative numbers with a leading 1 (10000000 through 1111111).  That gives one more negative number than positive since zero is taken out of the positive side.

5.2 Real numbers

Java has two flavors of real numbers: float, which uses four bytes and double, which uses eight bytes.  Reals are represented in memory in scientific notation with a magnitude and exponent (for example, 6.02x1024, although computers use a power of 2 rather than 10 as the exponent base).  As a concession to the keyboard, Java, and most other programming languages use the letter 'E' to mean "times ten to the power."  Hence in Java we will write 6.02E24 to represent 6.02x1024.


type    


memory required

range (approximate)


float


4 bytes
Approx. ±3.4x1038 with 7 significant digits





double

8 bytes
Approx. ±1.7x10308 with 15 significant digits

While float and double numbers can be astronomically large or incredibly small, they cannot represent all real numbers.  We shouldn't be surprised that irrational numbers such as pi cannot be represented exactly nor can nonterminating numbers such as 1/3.  But lots of numbers that seem very innocent in our decimal system, such as 0.1, cannot be represented exactly using float or double.  This can lead to some small, yet insidious errors in computation.

5.3 Booleans

Boolean data types, denoted by boolean, can take on one of only two possible values: true or false.  Boolean values generally represent the result of a test or a flag.

5.4 Character

The character data type, denoted by char, can represent a single character.  Java uses the single quotes to denote a character, for example 'a', '3', and '%'.  Note that the space,  ' ', is a valid character; it just has no associated graphic.  An obvious question is "how do I indicate the quote character?"  Java uses escape sequences – a backslash followed by a character indicating which character is intended.  The two-character escape sequence is treated as a single character.


\b

backspace


\t

tab


\n

new line


\r

carriage return


\"

double quote


\'

single quote


\\

backslash

While there is lots we can do with these four basic data types, we quickly discover the need for additional types.  We will see soon how Java implements additional data types and how you can create your own.

5.5 Variables

An instance of one of the primitive types, called a variable, is created by using the name of the type followed by the name of a variable followed by a semicolon.  For example,


int counter;

creates a 4-byte integer variable with the name counter.  You can optionally initialize the value of the variable as follows.


int counter = 0;

Variables of the other types can be created and initialized similarly.


int hoursWorked = 40;


double interestRate = 3.456;


boolean finished = false;


char initial = 'A';

If you don't initialize a variable, Java will usually (but not always – we will see an exception later) initialize the variable automatically to something reasonable (0 for numeric variables; false for boolean; the null character for char).  However, it is best not to rely on Java's implicit initialization.

5.6 Constants

The value of a variable can change over the course of a program's execution (and hence the name "variable").  But sometimes we want to represent numbers or other values whose value is fixed.  These are called, appropriately, constants.  Java allows constants to be defined much like variables, but with the keyword "final" preceding the type.  The initialization part of the constant definition is required.  And once the value is set, it cannot be changed.  Notice we follow the convention of naming constants using all upper case letters.


final int STANDARD_WEEK = 40;  
// Number of hours in a 













// standard work week


final double PI = 3.14159;


final LAST_LETTER = 'Z';

5.7 Expressions


Values can be combined into an expression using a variety of Java operators. The table below summarizes just some of the operations.


Arithmetic operations (expressions have an arithmetic value)


+
addition

-
subtraction


*
multiplication



/
division




%
modulo (the remainder after integer division)


Logical operators (expressions have a boolean value)



==
equality test



!=
not equal



>  >=
greater than, greater than or equal to



<  <=
less than, less than or equal to 


Boolean operators (require boolean operands and






has boolean value)



&&

boolean and (true if both operands are true)



|| 
boolean or (true if either or both operands are true)



!

boolean not (opposite of operand)

As with virtually all programming languages, operators have different precedence; higher precedence operators in expressions are evaluated before lower precedence operators.  Multiplicative operations (multiplication, division, and modulo) are performed before additive operations (addition and subtraction).  In case of ties, operations are preformed left to right.  You can always override the implicit precedence by using parentheses.  A piece of an expression inside the parentheses is evaluated before the part outside the parentheses.  Redundant parentheses are not wrong and can actually help in understanding by making the precedence explicit.  Below are some sample expressions and their value.  


1+2+3


 6


1+2*3


 7  (multiplication is performed first)


(1+2)*3

 9  (parentheses force addition to be done first)

4-3-2


-1  (subtractions done left to right)

4-(3-2)

 3  (parentheses force 3-2 to be perfumed first)
Variables can also be used in expressions; the value of the expression depends on the values of the variables involved and the operations performed.

If all the operands in an expression are of the same type, then the value of the expression is also of the that type.  This seems completely reasonable when adding, subtracting, or multiplying integers; the value is always an integer.  But division of integers in Java also yields an integer quotient.  Essentially, any fractional part resulting from the division of integers is thrown away.  If an expression contains a mixture of integers and reals, then the value is real.


6/2


3


5/2


2 (fractional part is lost)


1/3


0 (fractional part is lost)

1.0/3


.33333 (real value)

1.5+10/4

3.5 (integer subexpression 10/4 is evaluated first yielding      




 2 which is then added to 1.5 yielding 3.5)

Types can be changed by casting – preceding a value of one type by the name of another type in parentheses.  Hence, for example, the expression


(double)5


has the double value 5.0.  And the value of


(int)3.95

is the int value 3.  The fractional part is thrown away when casting a real as an integer.  Casting has the highest precedence.  The expression


1.25+(double)10/4

has the double value 3.75.  The casting turns 10 into 10.0, which is then divided by 4.  The mixed type division yields the double value of 2.5, which is then added to 1.25.


Characters can be cast as the corresponding integer in the Java character code (see your Java reference).  Conversely, an integer in the appropriate range can be cast to a character.


(int) 'a'

has the value 97


(char) 90

has the value 'Z'

Boolean expressions generally involve comparison of operands and yield a boolean value.


3==4


false


5==5


true


3+1==5-1

true (arithmetic operators have higher precedence 






than the comparison)


3>=5


false


!(4<=5)

false (4<=5 has the value true;






the not operator (!) reverses the value.

Again valuables can be used anywhere in the expressions.  

Java evaluates boolean expressions using lazy or short circuit evaluation.  This means that Java evaluates a boolean expression from left to right until the final value is known, then stops.  For example, the expression

(3==5 && x==y)

is known to be false after evaluating only the left part of the expression.  The subexpression 3==5 evaluates to false and anding false to anything results in false.  Hence the value of the expression is determined to be false and the right subexpression (x==y) is not evaluated.  Similarly, 

(a-a==0 || x==y)

evaluates to true without having to evaluate the right subexpression because the left subexpression evaluates to true.   And taking the logical or of true with anything is true.

Other programming languages, most notably Pascal, evaluate all the subexpressions before combining them.  A boolean expression such as

(x==x  || y/0==3) 

is legal in Java because the right subexpression is never evaluated.  It is illegal in Pascal because both subexpressions must be evaluated before the or operation is performed. There are a few situations where a program's correctness depends on short circuit evaluation.  That is, where short circuit evaluation is critical to the program's working properly.  We will note these cases with a comment "// SC eval".

Be careful to use the double equals (==) for comparison.  The single equal sign is used for assignment (see below), and while inadvertent use of the single equals generally causes a compile time error, it sometimes is syntactically correct and can cause problems that are difficult to diagnose.  The problem is much worse in C++.

6 Java statements

The work of any program is done by executing the program statements.  We have actually seen the first Java statement in the previous section: the declaration statement, which creates a variable of a specified type and optionally initialize the variable to a specified value.  In this section we look at the most common Java statements.  All Java statements end with a semicolon.

6.1 Assignment statement

Probably the most common statement in any program is the assignment statement, which gives a value to a variable.  There are three basic ways to associate a value with a variable.  First, is initialization, as seen in the previous section.  Second, we can read a value in from the outside world, which we will cover soon.  And third, we can assign value with the assignment statement.  The basic form of the assignment statement is a variable name, the assignment operator (=), an expression, and finally, a semicolon.


<variable> = <expression> ;

The expression on the right is first evaluated, then the value of that expression is assigned to the variable on the left.  The previous value of the left-hand variable is overwritten and is lost forever.  For example


x = 3;



y = x+1;


wage = hours * hourlyWage;


area = PI * radius * radius;

Despite the use of the equal sign, this is not an equation.  It could be argued that in some cases, the left side and the right side of an assignment are equal after the statement is executed.  But there is no way to construe a statement such as 


x = x + 1;

as an equation.

For an assignment to be syntactically valid, the type of the expression on the right must match the type of the variable on the left.  The one exception is that an integer expression can be assigned to a real variable.  Java converts the integer to the appropriate real number in the obvious way.  Unlike C, C++, and some other languages, Java does not automatically convert non-numeric values to numeric, nor does it convert numbers to boolean.  

Since incrementing and decrementing a variable by one is such a common operation, Java provides a shorthand.  The statement x++; increments x by 1; the statement x--; decrements x by 1.  Actually x++ and x-- are expressions as well as statements and can be used to create very concise statements.  However, these statements are also hard to read and understand so we will use x++ and x--  only as stand-alone statements.

6.2 The String class

Some programming languages include the character string as a primitive data type, but Java does not.  Strings in Java are objects of the String class, but have a few features that allow strings to be used like primitive data types.  In particular, strings may be created, initialized and assigned as if they were primitive.  Character strings are any sequence of zero or more characters enclosed within double quotes.  For example, the code below creates a String object called greeting and initializes it to the value "Hello world".


String greeting = "Hello world";

Notice that the type name begins with an uppercase letter indicating that it is a class.  Strings may also be assigned.


title = "Annual report";

Strings may be combined by concatenation using the + operator.  For example, the following code creates three String objects.  The first has the value "First"; the second has the value "Second", and the third combines the first two into "FirstSecond".


String s1 = "First";


String s2 = "Second";


String s3 = s1 + s2;

The similarity between String objects and primitive types ends here.  Comparing string, for example, cannot be done with the double equals.  We'll see more about strings in a later section.

6.3 Simple input and output

Simple input and output (I/O) in Java is a bit of an oxymoron; I/O in Java is not so simple.  We will give you enough information plus some magic incantations in this section to allow you to read input from the keyboard and display output to the screen.  More advanced I/O (and full understanding of simple I/O) will come later.

6.3.1 Output

You can display a value on the screen by using the statement


System.out.println(expression goes here);

The value of the expression is displayed.  Text strings can be displayed by enclosing the text in double quotes.


System.out.println("Hello world.");

The plus sign can be used to combine expressions and text.


System.out.println("The area of the circle is " + 








  PI*radius*radius);

The println statement issues a virtual carriage return at the end of the specified values and text.  The print statement does not move on to the next line.  Hence the statements


System.out.print("Hello ");


System.out.print("world");


System.out.println(".");

Will display Hello world. on one line.   As always, expressions can be made up of literals, variables, and constants.

6.3.2 Input

Input from the keyboard requires a bit of magic to set up, but input statements are similar to those for output.  First, the tools necessary to perform input must be made part of your program.  You do this by inserting the line


import java.io.*;

at the very beginning of your program.  Next, the main method must have 


throws IOException

appended to it (see section on Java exceptions).  And finally, the main method must execute the statement


BufferedReader stdin = new BufferedReader 




(new InputStreamReader(System.in));

before any input statements are encountered.  Once these have all been done, the expression 


stdin.Readline()

reads the next line from the keyboard, up to but not including the carriage return, and has as its value the string that was entered.  This value is then most often assigned to a String object.  The code below reads one line from the keyboard and echoes it back on the screen.


String inString;


inString = stdin.readLine();


System.out.println("You entered " + inString);

To read in integer, we call the method Integer.parseInt on the input string.  This converts the String to the appropriate integer and will generate an error if the String is not a single valid integer.  The code below reads a single integer from the keyboard and echoes its back to the screen.




int inValue;



inValue = Integer.parseInt(stdin.readLine());



System.out.println("The integer you entered was " + inValue);

This much I/O will get you started.  We will see more complex forms later.

6.3.3 Program 0 revealed

We have now seen almost everything in Program 0 and you should either understand every line or at least understand why the line is needed.  

The program begins with some descriptive comments.  The import statement brings the necessary I/O package into the program. This package and the utility package (java.util.*) contain virtually all the tools we will need for this course.  The Java Application Programmer Interface (API) contains many more packages.  See your reference manual for details.

All Java programs must be inside a class.  The line public class Program0 indicates the start of a class definition.  The modifier public makes this class accessible by the outside world; class is a reserved word indicating that this is a class definition, and Program0 is the class name.  The curly brackets ("{" and "}") indicate the start and end of the class definition.  Where the ending bracket is far away from the opening bracket, as is the case here, we add a comment to the closing bracket matching it with its opening bracket.

All Java code must be inside a method (the object oriented name for what we used to call a subroutine).  We can choose our own names for most methods, but a few must be specially named.  When a Java program is started, the Java system looks for a method called main and begins execution there.  The line 


public static void main (String[] args) throws IOException

specifies the beginning of the main method definition.  The various modifiers (public, static, and void) the parameters (String[] args) will be explained in a later section.  The throws IOException is necessary whenever a method is to perform input.  As with the class definition, the beginning and end of a method are indicated with curly brackets.

The body of the main method begins with the magic words needed so that we can perform input.

BufferedReader stdin = new BufferedReader 




(new InputStreamReader(System.in));

The variable declarations, assignments and I/O statements that follow make up the body of the main method.  Try the program for yourself.  Notice the use of both print and println statements, the casting of an integer to a double, and the escape sequence \n in some of the output statements.  In some Java systems, the output window disappears immediately upon termination of the program.  We've added the final readln statement to keep the window open until you hit the enter key.

 /***********************************

 * Program 0: A very gentle introduction to Java

 * 

 * Description: This program greets the user, requests two integers,   

    *              then displays the sum, product, and quotient of the

    *              integers.

 */

import java.io.*;

public class Program0

{



public static void main (String[] args) throws IOException


{



BufferedReader stdin = new BufferedReader 




(new InputStreamReader(System.in));



int num1;

// Holds the two integers entered.



int num2;



String name;
// Holds name.



// Greet the user.



System.out.println("Hello");



System.out.print("What is your name?  -> ");



name=stdin.readLine();



System.out.println("Hello "+name);



// Request and read two integers.



System.out.print("Please enter the first integer. -> ");



num1=Integer.parseInt(stdin.readLine());



System.out.print("Please enter the second integer. -> ");




num2=Integer.parseInt(stdin.readLine());



// Display sum, product and quotient of two integers.



System.out.println("\nThe sum of "+num1+" and "+num2+




" is "+(num1+num2));



System.out.println("The product of "+num1+" and "+num2+




" is "+(num1*num2));



System.out.println("The quotient of "+num1+" and "+num2+




" is "+(((double)num1)/num2));



// Wait before quitting.



System.out.println("\nPlease hit enter to quit.");



name=stdin.readLine();



System.out.println("\nEnd of job");


}  // End of main method.

}  // End of Program0 class.

6.4 Arrays

The variables we have seen so far have all been scalars; each name is associated with a single value.  Java, and virtually all other programming languages, allow arrays: homogeneous aggregates of values.  An array has a single name and is an ordered sequence of data elements.  All the elements of an array are of the same type.  We can refer to the array as a whole by it name, or to individual elements by using subscripted notation.  In Java, all arrays are indexed by integers starting at zero.  The following code creates an array called b of ten integers from b[0] through b[9]. In section 8.8 we see precisely what this declaration actually does.


int[] b = new int[10];

Individual elements of the array are accessed by putting a subscript inside square brackets.  The following code sets the first element of the array to 0 and the last to 100.


b[0] = 0;


b[9] = 100;

Remember that the largest subscript of an array is smaller by one than its size.  In this example, the array size is 10; the maximum subscript is 9.  Java will give you an error if your subscript is out of range.

6.5 Java Control Structures

6.5.1 Selection: conditional execution

The Java statements we have seen so far are examples of sequential code – statements that are executed sequentially, from top to bottom, exactly once.  Java has several statements that allow code to be executed conditionally, based on the value of a boolean expression.


if ( boolean expression)



statement;

The boolean expression is evaluated.  If it is true, the statement is executed; if it is false, nothing happens and control moves on to the next statement in the program.  To execute more than one statement when the boolean expression is true, simply enclose the statements in curly brackets. The following code swaps the values of the variables x and y if x is larger.  Following execution of the conditional statement x is always less than or equal to y, either because they started off that way, or because they were swapped.


if (x > y)



{  int temp = x;




x = y;




y = temp;



}

The second form of the if statement includes statements that are to be executed if the boolean expression if false.


if (boolean expression)


{ statement executed if the boolean expression is true}


else


{statements to be executed if the boolean expression is false}

The third conditional statement, the switch, is more complex and useful in only special cases.  Feel free to just scan this section.

The switch statement contains an expression that has either integer or character type.  The expression is evaluated first.  Then, based on that value, one of a set of statement groups, called cases, is executed.  In the example below, score is an integer variable between 0 and 5 representing your score on a 5-point quiz.  The code sets the String variable message to a message appropriate to the score.



switch (score)


{



case 5: 




message = "Congratulations!  Perfect score.";




break;



case 4:




message = "Very good.";




break;



case 3:



case 2:




message = "Could use some improvement.";




break;



case 1:



case 0:




message = "Please see your instructor.";




break;



default:




message = "Score is out of range.";


}


System.out.println(message);

The expression following the reserved word switch is evaluated.  Based on the value, the appropriate statements are executed.  The break statements cause an immediate transfer of control to the end of the switch statement (indicated by the closing bracket).  Breaks are necessary because without them, execution simply continues down through the remaining cases.  Note that several cases can be grouped; scores of 2 or 3, for example, execute the same code.  Also, if the expression matches none of the cases, the default case is executed.  The default case is optional.  If it is not included, nothing is executed if none of the cases are matched.

6.5.2 Iteration: Repeated execution

The real power of a computer program derives from its ability to do things repeatedly.  Java has several loop control structures for repeated execution.  All loops have two parts.  First is the loop body, the code that is to be executed repeatedly.  And second is a test to determine if the loop should end.  The simplest Java loop has the structure


while (boolean expression)


{



loop body


}
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The expression is evaluated first.  If it is false, the loop is bypassed entirely.  If it is true, the loop body code is executed.  Then the boolean expression is evaluated again.  If it is false, the loop terminates.  If it is still true, the loop body is executed again.  This continues until (we hope) the boolean expression is eventually false and the loop ends.  This can be summarized by the following flowchart.   


                     


 




The following code calculates an estimated square root of the double variable n using a very primitive algorithm.  The loop stops when the estimated square root is close enough, that is, when the estimate squared is within a specified tolerance of n.  Math.abs is the absolute value function that returns the positive magnitude of the argument (that is, drops off the minus sign, if present).


final double TOLERANCE = 0.001;  


double loEst = 0.0  // Low estimate; Sqrt is >= loEst.


double hiEst = n;   // High estimate; Sqrt is <= hiEst.


double midEst = (loEst + hiEst)/2.0;  // Midpoint between loEst














  // and hiEst.


while (Math.abs(midEst*midEst-n) > TOLERANCE)


{



if (midEst*midEst > n)  // Sqrt is between loEst and midEst.




hiEst = midEst;



else                    // Sqrt is between midEst and hiEst.




loEst = midEst;



midEst = (loEst + hiEst)/2.0; // Calculate new midpoint.


}
// End of loop.


System.out.println("Estimated square root of "+n+



" is "+midEst+".");

If the boolean expression never evaluates to true, then we have what's known as an infinite loop.  For example


while (true)


{



statements


}

will execute the loop body forever, or at least until the program is explicitly shut down from outside.  Normally, an infinite loop is an error, but there are some situations where this construct can actually be useful.

Let's say we wanted to read integers from the keyboard, adding them up as we went along, until a special sentinel value was encountered.  The sentinel should not be included in the sum.  The following while loop does the job.


int sum = 0;


// Read the first value.


inputInt = Integer.parseInt(stdin.readLn());


while (inputInt != SENTINEL)


{



sum = sum + inputInt; // Add input to running sum.



inputInt = Integer.parstInt(stdin.readLn()); // Read next integer.


}


System.out.println("The sum is "+sum+".");

But there are some problems with this construction.  First, we have to repeat the readln statement, once before the loop and once inside the loop.  Also the loop body is a little awkward.  We add the current value to the running sum and then read the next value.  It would be more intuitive if in the loop body we read the input value, tested it to see if it is the sentinel.  If it is, we terminate; if not, we add the value to the sum.  This read-test-process is a very common construction, but requires that we leave the loop in the middle.  Java allows loop termination only at the beginning and (as we will see later with the do loop) at the end, but not in the middle.  To solve this dilemma, we propose the following simple, although controversial construction.


int sum = 0;


while (true)


{



inputInt = Integer.parstInt(stdin.readLn()); // Read integer.



if (inputInt == SENTINEL) break;  // Exit test.



sum = sum + inputInt; // Add input to running sum.


}


System.out.println("The sum is "+sum+".");

The as before, the break statement transfers control to the end of the loop structure, taking us out of the loop.  We will refer to this as a generalized loop (as opposed to a while loop) and we feel that it is a more intuitive implementation of the read-test-process algorithm.  One important difference between the two versions of the algorithms is that in the traditional while loop, the test is a stay in test.  That is, we remain in the loop if the test is true.  In the generalized loop, the test is an exit test; when it is true, the loop ends.  We will allow this construction, but will generally insist that there be only one exit test and one break.

6.5.3 Counting loops

The following code displays the integers 0 through 10.

int i=0;

while (i<=10)

{


System.out.println(i);


i++;

}

Such counting loops are so common that Java, and most other languages, provide a shorthand notation.

for (int i=0; i<=10; i++)

{ 


System.out.println(i);

}

The first line of the for loop has three parts, enclosed in parentheses, and separated by semicolons.  The fist is the initialization and possible creation, of the controlled variable.  The second is the boolean expression, and the third is the increment statement.  This construct is almost identical to the while loop

int i=0

while (i<=10)

{ 


System.out.println(i);


i++;

}

The only difference involves the scope of the controlled variable, which we will treat next.  The general form of the for statement is 


for (initialization; boolean expression; increment statement)


{



loop body


}

The initialization is performed before the first execution of the loop body.  The boolean expression is evaluated next.  If false, the loop ends; if true, the loop body is executed.  And finally, the increment statement is executed automatically at the end of the loop body.

6.5.4 The do loop

Java has a third loop statement, the do loop, which is like the while loop, but has its test at the end.  The form is


do


{



loop body


}


while (boolean expression)

As with the while, the loop continues until the boolean expression evaluates to false.  But because the test is not encountered until the end of the loop body, the body of the do loop is executed at least once.

6.5.5 The continue statement

The break statement takes us out of the loop entirely.  The continue statement takes us to the end of the loop body, but we remain in the loop.  The code below illustrates both.  The loop reads and processes integers terminating then the sentinel value is entered. Values greater than or equal to zero are processed by some (unspecified) code; processing is bypassed for integers less than zero.  

while (true)

{


inputInt = Integer.parseInt(stdin.readLine());// Read next integer.


if (inputInt == SENTINEL) 



break;  // Finished with loop.


if (inputInt < 0) 



continue; // Bypass processing for negative input,






 // but stay in the loop.


else


{ 



 // Process input  


}

}

6.5.6 Scope of variable names

The scope of a variable name is that portion of the program in which the variable name is known and can be used.  Two basic rules apply.  First, a name is not known until it has been declared.  And second, a variable defined inside a control structure is known only inside that control structure as well as inside all enclosed control structures except where explicitly redefined.  That’s a mouthful; let's look at some specific examples.

{


// Some code.  sum is not known here.


int sum = 0;


// Some more code.  Integer variable sum is known here.

}

The integer variable sum is not known until defined and is known thereafter.  

{


if (x==y)


{



int sum = 0;



// Code section A; integer variable sum known here.


}


else


{



double sum = 10.0;



// Code section B; double variable sum known here.


}

}

In this example, the scope of the integer variable called sum is section A, that portion of the program that is executed if the boolean expression (x==y) is true.  The scope of the double variable also called sum is section B of the program, which is executed if the boolean expression is false.  This is not an error since the two scopes do not overlap.  However, giving two different variables the same name is generally not a good idea.

{


if (a>b)


{



int temp = a;



a = b;



b = temp;


}

}

This code fragment swaps the integer variables a and b if necessary so that after execution, a<=b.  The integer variable temp is known only inside the portion of the program that is executed if a>b and is unknown outside.  

Restricting the scope of a variable name to that part of a program where it is actually needed reduces the likelihood that the name will inadvertently be used incorrectly, and placing definitions of variables close to the code that uses them makes programs easier to understand. Unlike some other languages (notably Pascal, which requires all variables to be defined at the top) Java allows variable to be declared throughout a program, and because a name must be declared prior to its use, this ability to define a name “just in time” provides an important mechanism for restricting the scope of an identifier.

Here's a more complex example.  The scopes of the variables are shown as vertical lines on the left.
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sum
 x      x        x

{


int sum = 0;


if (a>b)


{



int x = 10;



// Integer variable x known here.



if (c>d)



{




double x = 50.0;




// Double variable x known here.



}



else



{




char x = 'x';




// Character variable x known here.



}



// Integer variable x known here too.  

      // Old value is maintained.


}

This example illustrates several concepts.  First, the integer variable sum is known throughout.  When a variable is known inside a control structure because it has been declared in a surrounding control structure, we say that the variable is global to the inner structure.  The integer variable x is known only inside the portion of the code that is executed if a>b.  But note that x is redefined inside two embedded control structures.  Where explicitly redefined, the newer definition is used, although the old value is not lost; it is just pushed down on a stack to be restored when the redefining control structure ends.

Once again, the two rules of scope are

1. A variable name is not known until it has been defined, and

2. A variable name is known in the structure in which it is defined and is known (globally) in all enclosed structures except where explicitly redefined.

In for loops, if the controlled variable is defined in the loop initialization, then it is known only in the loop body and is unknown outside.  If the controlled variable is defined before the for statement, then it is known both inside and outside the loop.  The two examples below show the difference.

// Controlled variable defined in the for loop header.

for (int i=0;i<=10;i++)

{ 


loop body.  i is known in the loop body and not outside.

}

// Controlled variable is defined before the for loop header

int i;

for (i=0;i<=10;i++)

{


loop body.  i is known both inside and outside the loop body.

}

We will revisit scope rules again several times in later sections.

7 Methods

It has been proven that any algorithm can be written using just the tools we have seen already: sequential code, selection, and iteration.  But despite this, there is an additional control structure, the subroutine, that is so important that it is included in virtually every programming language, and virtually every computing machine has special hardware instructions specifically for subroutines.  Essentially, a subroutine is a piece of code, separate from the main program, and which is executed only when explicitly called.  When a subroutine is called, we suspend what we're doing, go off and execute the subroutine.  And when it is finished, we resume the suspended code where we left off.   Additionally, subroutines can receive information from the calling code via parameters.  They can also send information back to the calling code via the returned value or through the parameters. 

In object oriented parlance, subroutines are called methods.  We will take a more detailed look at methods in chapter 5, but we present here enough about methods to get you started.  The specific questions we will address are: what does a method look like?  Where does it go in the program?  How is a method called? And how do we communicate information to and from a method?

7.1 Method syntax

The basic method syntax is


method header


{



method code


}

The following program illustrates the basic features of methods.  It contains a main method and three additional methods.  The program greets the user, calculates an approximate square root of 1,000,000 and then displays the approximated square root with an appropriate label.  

public class Class1

{


// Display greeting.


public static void greet()


{



System.out.println("Hello\nI will calculate an "+




"approximate square root.");


}  // End of greet.


// Calculate and return the approximate square root of the integer n.


public static double sqrt(int n)


{



final double TOLERANCE = .001;



double loEst = 0.0;  // Low estimate; sqrt is >= loEst.



double hiEst = (double)n;  // High estimate; sqrt is >= hiEst.



double midEst = (loEst + hiEst)/2.0;  



double goal = (double)n;



// Trap the square root of n between loEst and hiEst.



while ((Math.abs(midEst*midEst - goal)) > TOLERANCE)



{




if (midEst*midEst < goal) // Sqrt is between midEst and hiEst.





loEst = midEst;




else  // Sqrt is between loEst and midEst.





hiEst = midEst;




midEst = (loEst + hiEst)/2.0;



}



// Close enough.



return midEst;


} // End of sqrt.


// Report results.


public static void report(int n, double sqr)


{



System.out.println("The approximate square root of "+n);



System.out.println(" is "+sqr+".");


}  // End of report.


public static void main (String[] args)


{



int i = 1000000;



// Display greeting.



greet();



// Get the square root of i.



double sq = sqrt(i);



// Report result.



report(i,sq);


}  // End of main.

}  // End of class.

Each method header starts with the reserved words "public static". For now this is magic; soon we will explain these words and introduce some alternatives.  Next comes either the type of the returned value (for example, sqrt returns a double) or void indicating that the method does not return a value.  Next comes the name of the method followed, in parentheses, by the formal parameter list.  The method greet has no parameters, but the parentheses are required anyway.  

Methods are called by using their names, either in an expression or as a statement by itself, followed in parentheses, by the actual parameter list.  A call to a method that does not return a value (that is, a void method such as greet, and report) is a statement by itself.  When the method is called, copies are made of each actual parameter.  The copies of the actual parameters are then substituted for the formal parameters and the method code is executed.  The method can use and even change the values of the copies.  But when the method ends, the copies are discarded.  This way of passing information into a method is called call by value because the method has access to the value of the actual parameters, but not to the actual parameters themselves.  As a result, a method cannot change the value of any of its actual parameters.  The method upDown below is legal and the "After" values are indeed different from the "Before" values.  But the actual parameters are not affected; only the copies are changed, and the copies go away when the method ends.

public static void upDown(int u, int d)

{


System.out.println("Before, parameters are "+u+" and "+d+".");


u++;


d--;


System.out.println("After, parameters are "+u+" and "+d+".");

}

Parameters are matched by order; the first actual parameter is matched with the first formal parameter, the second with the second, etc.  The actual parameter list must match the formal parameter list in type, number, and order.  For example, the method report expects two parameters: an int and a double, in that order.  Calling report with fewer or more than two parameters, or with parameters that are not an int and a double will result in an error.

The following method swaps two elements of an integer array.  The three parameters are the array name and the indices of the two elements to be swapped.  Since the array is changed as a result of the execution of the method, it seems that we have violated Java's prohibition on changing actual parameters.  We will soon see why this works and is in fact not a violation.

public static void swap(int[] a, int i, int j)

{


// Swap the ith and the jth elements of the array a.


int temp =  a[i];


a[i]=a[j];


a[j] = temp;

}

Notice that the method defines a new variable (temp).  Variables defined inside methods, referred to as local variables, are created when the method code is executed and disappear when execution of the method is complete; their values are not preserved from one execution of a method to the next.  The local variable temp, for example, is available only inside the method and is unknown outside. Local variables are not automatically initialized; using a local variable before giving it a value is an error.

Methods that return a value are generally used in an expression, as for example, with the call to sqrt.  The sqrt method calculates the approximate square root and returns it to the calling code with the return statement.  When a return statement is executed, the method ends, and indicated value is returned.  The return statement is a fine way to return a single value, but what if we want a method to return several values?  For the answer, we have to delve into the world of object oriented programming.

Methods can call other methods.  Methods can even call themselves! This self reference is called recursion and will be covered in Chapter 6.

7.2 Overloading methods

What would happen if we created two or more methods with the same name?  Our intuition tells us that this is likely to be an error.  And indeed, in most programming languages it is an error.  But Java allows multiple methods to share the same name as long as those methods each have a different signature.  The signature is the set of parameters: their number, type and order.  The actual parameter signature in the method call determines which of the method actually gets called.  Later, we will see examples of this feature called overloading.

8 Object oriented programming

As we have seen, Java has a set of built-in data types: integers, reals, booleans, and characters.  Each has a set of legal values.  We can create instances of each (variables):


int x;


double z;

We can give each instance state, that is we can assign the variable one of the possible values.


x = 10;


z = 3.14;

And we can perform operations on these instances:


z = x + z * 10.0;

But Java's built-in data types is a pretty lean set.  We can easily think of additional data types that might be useful: character strings, dates, fractions, etc.  But any attempt to enhance Java to include these additional types would end up also being incomplete.  So Java provides a convenient way for us to define our own data types (called classes) with a set of legal values, create instances of those classes (called objects) and perform operations on the objects.  Defining classes, and creating and manipulating objects of those classes is one of the key features of object oriented programming (OOP).

In a way, this is nothing new.  We have been able to represent arbitrary data types and operations since the earliest days of programming.  But using object oriented techniques, classes and objects, provides us with an easy way to create a clear and secure separation between the abstraction (how the data type appears to the outside world) and the implementation (how the data types is actually represented and manipulated in the computer).  This is particularly important nowadays when programs often contain millions of lines of code and require a team of programmers to write and maintain.

Let's look at a specific example.  Let's say we wanted to create a data type of rectangles.  Each rectangle would have an integer height, width, and area.  Desired operations would include setting the height and width and retrieving the height, width, and area.  To do this we define the rectangle class.

public class Rectangle

{


private int height, width;


// Writer methods.


public void setHeight(int ht)


{



height = ht;


}


public void setWidth(int wd)


{



width = wd;


}


// Reader methods


public int getHeight()


{



return height;


}


public int getWidth()


{



return width;


}


public int get Area()


{



return height * width;


}

} // End of Rectangle class

The class definition begins with public class Rectangle.  The key word public indicates that this class is known and available to other classes in the program, in particular to the main class.  The word class is the reserved word telling Java that we are defining a class. And "Rectangle" is the name of the class being defined.  Note the use of the convention that class names begin with an uppercase letter.  The class definition is enclosed by the curly braces that follow the first line.

The state of each rectangle object is its height and width, represented by two integer variables.  The modifier private prevents the outside world from accessing these variables directly.  Instead, any access to the variables must be through the class methods.  There are two types of methods shown here.  Writer methods (also referred to as setters) set the value of the object state.  Calling a writer method can be thought of as sending a message to the object telling it to alter its state.  The second type, reader methods (also called getters) retrieve some part of the object state.  A call to a reader method is a message asking the object to tell us something about its state.  Notice that the methods access the state variables as global variables.  In your previous programming life you may have been told that accessing global variables in this way is bad programming.  But with OOP, it's the standard way in which we access state variables.

To create a rectangle object, we execute the following statement.

Rectangle r1 = new Rectangle();

The exact details of this statement and some options will be revealed soon.  The statement creates a new Rectangle object.  Once created, we can set the height and width by calling the writer methods.  Each method call must be preceded by the name of the object so that Java knows which (of the possibly many) rectangle objects is to be acted on.  The following code sets the height and width of the r1 rectangle to 10 and 20 respectively.

r1.setHeight(10);

r1.setWidth(20);

We can retrieve the height, width, and area by calling the appropriate reader methods.

System.out.println("The height is "+r1.getHeight());

System.out.println("The width is "+r1.getWidth ());

System.out.println("The area is "+r1.getArea());

Readers and writers can be combined arbitrarily.  The following statements create a second rectangle, set its height 10 and its width to 200 -- 20 times it height.

Rectangle r2 = new Rectangle();

r2.setHeight(10);

r2.setWidth(r2.getHeight() * 20);

8.1 Constructors

It is sometimes useful to specify a default value for an object's state just as, for example, numeric variables in Java are initialized to zero when created.  Initializing an object state can be done either by specifying a default value for the state variables

int height = 0;

int width = 0;

or by creating special constructor methods.  These methods are called automatically when an object is created and are generally used to initialize the object.  Constructor methods have the same name as their class.  And, as with other methods, constructors can be overloaded as long as the signatures are all different.  The actual parameters for the constructors are placed in the parentheses in the new statement.  For example, the following modified Rectangle class has three constructors.  The first constructor has no parameters and initializes the rectangle to 0 x 0.  The second has a single parameter, which is assigned to the height; the width is initialized to 0.  And the third constructor has two parameters specifying initial values for both height and width.

public class Rectangle

{


private int height, width;


// Constructors


Rectangle() // No parameters.  Set both height and






// width to 0.


{



height = 0;



width = 0;


}


Rectangle(int ht) // One parameter.  Set height to ht;








// Set width to 0.


{



height = ht;



width = 0;


}


Rectangle(int ht, int wd) // Two parameters.  Set height










  // and width as indicated.


{



height = ht;



width = wd;


}


// Writer methods.


public void setHeight(int ht)


{



height = ht;


}


public void setWidth(int wd)


{



width = wd;


}


// Reader methods


public int getHeight()


{



return height;


}


public int getWidth()


{



return width;


}


public int get Area()


{



return height * width;


}

} // End of class

The code below creates three Rectangle objects: r1, r2,and r3 with sizes as indicated.

Rectangle r1 = new Rectangle();     // 0 by 0

Rectangle r2 = new Rectangle(10);   // 10 by 0

Rectangle r3 = new Rectangle(20,30) // 20 by 30

8.2 Special methods

8.2.1 toString method

It is often useful, especially for output, to create a String whose contents indicates an object's state.  For example, in the Rectangle class, we might want a method that returns a String of the form


"Rectangle has height of 20, width of 30, and area of 600."

The convention is to name this method toString.  

public String toString()

{


String s = "Rectangle has height of " + height + ", width of "



+ width + ", and area of " + getArea() + ".";


return s;

}

The toString method can be called explicitly just like any other method. It can also be called implicitly by just using the object name in an output statement.  The following two statements both call toString and display the returned String.

System.out.println(r1.toString());  // Explicit call to toString.

System.out.println(r1);             // Implicit call to toString.

8.2.2 Equals method

If we had two rectangle objects, say r1 and r2, how could we determine if they were equal?  We could try the statement

if (r1 ==r2) ....

which is legal, but doesn't do what we want.  We would find that the value of               (r1 == r2) is generally false even when the two rectangles are precisely the same size.  We will see shortly what actually happens when we try to compare r1 with r2 in this way.  But if we want to compare rectangles, we first have to define what it means for two rectangles to be equal.  There are several possibilities: equal heights and widths, equal areas, equal ratios of height to width, etc. We will define two rectangles to be equal only if their heights and their widths are equal.  We can now define a method, called equals by convention, that does the job.

public boolean equals(Rectangle r)

{


return height == r.getHeight()) && width == r.getWidth();

}

Now, to determine if rectangles r1 and r2 are equal, we execute


if (r1.equals(r2))...

We are passing the name of one Rectangle object (here, r2) to another Rectangle object (r1) and asking r1 if it is equal to the rectangle specified in by the parameter.

8.3 An alternate implementation of Rectangle

The code below is an alternate version of the Rectangle class.  Instead of computing the area every time getArea is called, it stores the area, updating it each time the height or width changes.  Why bother?  The second implementation takes a little more memory (to store the area) and the getArea method is a little faster since no computation is required.  If getArea were called much more often than either of the writers, then the second implementation might be faster.  In this little example however, it would probably be impossible to measure either the time or space differences.  But the example does illustrate two important points.  First, that there is often more than one way to implement a particular abstraction.  And while the various implementations may have different time and space characteristics, the abstraction remains the same.  And second, this illustrates the importance of keeping the state variables private.  If outside users were to be able to access height, width, or area directly, they could conceivably put the object into an inconsistent state.  That is, one in which the area is not the correct product of the height and width.  By permitting access to the state variables only through the methods, we guarantee that the object state stays consistent.

public class Rectangle

{


private int height, width, area;


// Constructors


Rectangle() // No parameters.  Set height,






// width, and area to 0.


{



height = 0;



width = 0;



area = 0;


}


Rectangle(int ht) // One parameter.  Set height to ht;








// Set width and area to 0.


{



height = ht;



width = 0;



area = 0;


}


Rectangle(int ht, int wd) // Two parameters.  Set height










  // and width as indicated.










  // Set area to height*width.


{



height = ht;



width = wd;



area = height * width;


}


// Writer methods.


public void setHeight(int ht)


{



height = ht;



area = height * width;


}


public void setWidth(int wd)


{



width = wd; 



area = height * width;


}


// Reader methods


public int getHeight()


{



return height;


}


public int getWidth()


{



return width;


}


public int get Area()


{



return area;


}

} // End of class

8.4 Private methods

All of the methods in the Rectangle class are defined as public; they are available to the outside world.  But classes may also have private methods.  These methods can be used from within the class, but are unavailable outside. The Rational class (see below), has two private methods.

8.5 Static methods and class variables

So far, the variables and methods we have shown in classes have been instance variables and instance methods.  That is, the variables and methods have all been associated with a particular object of the class.  When we create a new object, we get a new copy of all the variables and methods.  These variables and methods are distinct from those of all the other objects.
  Every method call must specify the specific object that is being addressed.  

However, there are some times when we might want to attach some data and methods to a class as a whole rather than a particular object.  For example, we might was to keep track and be able to retrieve the number of rectangle objects that have been created so far.  No one object knows this information; in fact, no rectangle object knows anything about any of the other rectangle objects.  To keep and report this kind of information requires variables and methods that are associated with the class rather than the object.  These are appropriately called class variables and class methods.  They are defined with the modifier static
; there is only one copy of these variables and methods, and they exist independent of the objects, even when no objects of the class have been created.  Below is yet another version of the Rectangle class.  To the previous version we have added a class variable that will keep track of the number of rectangle objects created.  It is initialized to zero and incremented by the constructor each time a new rectangle is created.  The rectangle count can be retrieved with the static method howManyRectangles.  Static methods can be called just like instance methods by prefacing the method name with an object name.  Or the static method can be called by prefacing its name with the name of the class.  For example,

Rectangle.howManyRectangles()

returns the number of rectangle objects created so far, even when that number is zero.

public class Rectangle

{


private static int noRectangles = 0; // Count of the number of














 // Rectangle objects created.


private int height, width, area;


// Constructors


Rectangle() // No parameters.  Set height,






// width, and area to 0.


{



height = 0;



width = 0;



area = 0;



noRectangles++;


}


Rectangle(int ht) // One parameter.  Set height to ht;








// Set width and area to 0.


{



height = ht;



width = 0;



area = 0;



noRectangles++;


}


Rectangle(int ht, int wd) // Two parameters.  Set height










  // and width as indicated.










  // Set area to height*width.


{



height = ht;



width = wd;



area = height * width;



noRectangles++;


}


// Writer methods.


public void setHeight(int ht)


{



height = ht;



area = height * width;


}


public void setWidth(int wd)


{



width = wd; 



area = height * width;


}


// Reader methods


public static int howManyRectangles{}


{



return noRectangles;


}


public int getHeight()


{



return height;


}


public int getWidth()


{



return width;


}


public int get Area()


{



return area;


}

} // End of class

8.6 What's really going on here?

How are objects stored and accessed?  And why do object declarations require such a bizarre statement that contains the class name twice.

Rectangle r1 = new Rectangle();

To understand what's really going on here we must first introduce the notion of references.  In Java, when we define a primitive data type variable, for example an int, memory is set aside for that variable.  The statement

int count;

causes Java to set aside four consecutive bytes (32 bits), hypothetically let's say they are bytes starting at locations 1000, and associates the name count with those bytes..  Any access to count in the program code is translated to those memory locations. And the value of count resides in those memory locations.  Simple.  



Object storage and access is different.   Instead of accessing an object directly, we access it through a reference, essentially a pointer that indicates where the object is actually stored.  Creating an object is a two step process.  First we must create the reference.  This is done with a normal looking declaration.  For example,

Rectangle r1;

creates a reference called r1.  Unlike some languages, where any reference (or pointer) can point to any data type, references in Java are strongly typed. That means for example, that the reference r1 defined above can point only to objects of the Rectangle class.
  Initially, the reference has the special "nowhere" value null.



The second half of the process is creating the object itself.  This is done with the new operation.

new Rectangle();

This creates the object of the indicated class and returns the location of the newly created object.  The location can then be assigned to a  reference.  Hence the statement

Rectangle r1 = new Rectangle();

does three things: it first creates a Rectangle reference called r1, then it creates a Rectangle object, and finally, it assigns the location of the newly created object to the reference.  



Access to an object is always through its reference.  Hence the code

r1.setHeight(10);

specifies a call to the setHeight method in the Rectangle object currently referenced by r1 sending it the parameter 10.  

Once a reference is established, it can be reassigned to new objects arbitrarily as long as the type is correct.  For example, in the following code, references r1 and r2 initially point to different objects.  But the assignment statement r2 = r1; sets the two references equal (that is they both point at the same object) and hence both output statements reference the same object and produce exactly the same result (10x20).

Rectangle r1 = new Rectangle(10,20);

Rectangle r2 = new Rectangle(30,40);

r2 = r1;

System.out.println(r1);

System.out.println(r2);

If no reference points to an object, then that object is effectively lost.  It still exists, but there is no way to access it.  The jargon word for inaccessible objects is garbage.  In the example above, after r2 is assigned the value of r1, the second rectangle object (30x40) has no reference and is garbage.  In some languages, notably C++, the programmer is responsible for keeping track of garbage and for deallocating it so that the space can be reused.  Java does automatic garbage collection.  It periodically searches for objects for which there is no reference and reclaims the space.

References are like pointers in other languages.  However, Java restricts severely the operations permitted on references.  We cannot see what is stored in a reference nor can we operate on the reference value (for example, as in C++, by adding 1 to a pointer).  We can compare two references for equality and we can compare a reference to a special "nowhere" value called null.   A reference can also be assigned to null.  Now we see why the boolean expression


(r1 == r2)

doesn't do what we naively expected.  What it actually does is determine if the two references point to the same object, not whether the two objects referenced have the same value.

8.7 Another example: the Rational class

A rational number is one that can be represented as the quotient of two integers. For example, all integers are rational as are fractions such as ½, and 5/8, and mixed numbers like 7 1/3.  Other numbers such as pi (3.14159...) cannot be represented by two integers and are hence not rational.  The Rational class stores and manipulates rational numbers and incorporates just about everything we've seen so far.  The rational number is stored as two private integers.  There are three overloaded constructors; there are public methods to set and retrieve the rational number, methods to compare and add two rationals, and a toString method useful for output.  There are also several private methods used to reduce and normalize the rational number so that, for example, rationals such as ½, –10/-20, and 33/66 are all represented the same.  And there is a static variable and a static method for retrieving the number of rationals created so far.  We will see a version of this class again later in the book.

public class Rational

{


private static int noOfRationals = 0;  // Number of rationals


private int num;
// Numerator


private int den;
// Denominator


Rational()


// No parameter constructor: set to 0/1.


{



setFraction(0,1);



noOfRationals++;


}


Rational (int n)
// One parameter constructor; set to n/1.


{



setFraction(n,1);



noOfRationals++;


}


Rational (int n,int d)
// Two parameter constructor: set to n/d.


{



setFraction(n,d);



noOfRationals++;


}


public static howManyRationals()


{



return noRationals;


}


private int gcd(int i,int j)
// Return greatest common divisor 











   // of i and j.


{




int big=Math.abs(i);



int small=Math.abs(j);



int remainder=big % small;



while (remainder !=0)



{




big=small;




small=remainder;




remainder=big % small;



}



return small;


}


private void reduce()
// Reduce and normalize fraction.


{



if (den<0)

// Make sure denominator is positive.



{




den=Math.abs(den);




num=-num;



}



// Divide both num and den by gcd.



final int g=gcd(num,den);




num=num/g;



den=den/g;


}


public void setRational (int n,int d)


{



// Set the fraction to n/d.



num=n;



den=d;



reduce();


}


public int getNum() // Retrieve the numerator.


{



return num;


}



public int getDen()  // Retrieve the denominator.


{



return den;


}


public double getValue()
// Retrieve the double value.


{



return (double)num/den;


}


public String toString()  // Return String version of fraction.


{



if (num==0)






return "0";
// Fraction is zero.



else



{




if (Math.abs(num)<den)
// Fraction is between -1...1.





return Integer.toString(num)+"/"+Integer.toString(den);




else




{





// Fraction is >= 1 or <= -1.  Represent as a mixed number.





String intPart=Integer.toString(num/den); // Integer part

















// of the mixed 












                     // number.





String fractPart="";





if (num%den !=0)
// Fractional part is non-zero.





{






fractPart=" "+Integer.toString(Math.abs(num)%den)+"/"+








  Integer.toString(den);  // Factional part.





}





return intPart+fractPart;




}



}


}


public boolean equals(Rational r)

// Is this rational 














   // equal to r?


{



return (num==r.getNum()) && (den==r.getDen());


}


public Rational addRational (Rational r)
// Return a new Rational // object whose value is // the sum of this















// Rational and r.


{



Rational newR=new Rational ();



newR.setRational(num*r.getDen()+den*r.getNum(),den*r.getDen());



return newR;


}

}  // End of Rational class.

Another look at arrays

Arrays are objects.  Creating an array involves the same three steps as creating any other object.  

int [] list1 = new int [3];

First, an array reference called list1 is created that can point to an integer array.  The new operation actually creates the array object.  And finally, the location of the array object is assigned to the reference.  The reference list1 now points to the array as shown below.  



At a later point in the program we could reassign the reference list1 to another array.  If no other reference points to the old 3-element array then it becomes garbage.

list1 = new int[20];

We can even have multiple references pointing at the same array.

int [] list2 = list1;

Like most languages, Java allows multidimensional arrays.  For example, the first statement below creates an 2-dimensional integer array with 5 rows and 10 columns.  The second statement sets the element in row 3, column 4 to 100.

int[][] table1 = new int[5][10];

table1[3][4] = 100;

What's really happening here is that table1 is a reference not to a 2-dimensional array of integers, but to a 1-dimensional array of references each of which is to a 10 element 1-dimensional array of integers. So accessing the element in row 4, column 3 requires that we start at the table1 reference.  That tells us where to find the reference array.  We go to the fourth element of that array, which tells us where to find the integer array containing the fourth row.  We then go to the third element of that array to find the integer we want.  Because of this double indirection, we can make each row of the table a different length.  For example, the first line of the following code creates a reference to a 5-element array of integer array of references, but does not actually create the integer arrays.  That is done explicitly by the next five line, which create rows of length 3, 5, 3, 2 and 4 respectively resulting in the array shown in the figure.

int [][] table2 = new int [5][];

table2[0] = new int[3];

table2[1] = new int[5];

table2[2] = new int[3];

table2[3] = new int[2];

table2[4] = new int[4];

 








Multidimensional arrays with three, four or more dimensions are possible, although arrays with more than three dimensions are rare.  Also, remember that the number of elements in an array is the product of the sizes of the various dimensions.  So that the innocent looking array

int[][][] bigArray= new int [100][100][100];

contains 100x100x100 = 1,000,000 integers.

8.7.1 Array length

For an array b, b.length is the number of element in the array b.  Notice that while length looks like a method name, the absence of parentheses tells us that it is really a public instance variable.   For multidimensional arrays, b.length is the number of elements in the first reference array, that is, the size of the first dimension.  To get the size of the ith array in the second dimension, use b[i].length.  Hence in table2 defined above,

table2.length 
is 5

table2 [0].length is 3

table2 [1].length is 5

table2 [2].length is 3

table2 [3].length is 2

table2 [4].length is 4

8.7.2 The args array

We can run a program from the DOS window by simply typing the program name (actually, the name of the .exe file, but without the exe suffix).    On the same line we can pass program parameters to the program in the form of an array of strings.  In the program, these parameters become the elements of the args array to the main method.  For example, if we ran a program, called fileupdate that reads its input from a file and writes its output to another file, we might want to enter those two file names as program parameters on the command line.  

fileupdate inputFile.txt outputFile.txt

An array of String called args with the required number of elements first created.  Then each contiguous string of nonblank characters from the command line is put into the corresponding element of the args array.   The sting "inputFile.txt" is assigned to args[0]; the string "outputFile.txt" is assigned to args[1].  The program can then access the args array and use this information in the program.  Always be sure to check the size of the args array (with args.length) before accessing any element of the array to assure that you do not violate the array index bound.  If you want program parameters to contain blanks, just enclose the string in double quotes.  For example

myprogram first second third fourth

runs myprogram sending it four program parameters in args[0] through args[3].  But

myprogram "first second third" fourth

runs the program sending it only two parameters.  The value of args[0] is the string   "first second third"; the value of args[1] is the string "fourth".

8.8 Objects as parameters

Remember the swap method.

public void swap(int[] a, int x, int y)

{


int temp = a[x];


a[x] = a[y];


a[y] = temp;

}

Why did this work when Java prohibits a method from changing the value of its actual parameters.  To understand, we begin with a story.

In my office there is a file cabinet with lots of files inside.  I allow my assistant to assess these files, but with some rules. The rules allow the assistant to look at the files and to copy the information, but prohibit any changes to anything in the file cabinet.  Over the years, my file labeled "Students" containing the names of students who have taken my courses has grown so large that I've decided to store it outside my office in a file in a storage room.  There is still a file labeled "Students" in my file cabinet, but it contains only one sheet of paper showing the location of the actual file in the storeroom.  If my assistant looks in my file, finds the Student file, goes to the actual file in the storeroom and accesses and changes something in that file, has the assistant violated my rule?  Clearly nothing in my office has been changed; the change occurred elsewhere.  

There are two important concepts illustrated here.  First we see the reference.  The "Student" file in my file cabinet contains not the data, but instead a reference (a pointer) to where the data is actually stored.  Second, is the fact that the data can be changed without violating the rule prohibiting changes to anything in my file cabinet.

The actual parameters to the swap method are an array reference, not the array itself, plus two integers.  Java's call by value first copies the three parameters and passes these copies to the method (see figure below).  But the array reference and its copy both point at the same array object (which is not an actual parameter and hence not copied).  Hence changes to the object referenced by the copy of the array reference actually change the array contents. 
















8.9 Another look at Strings

Strings are objects, although they act a little like primitive data types.  For example, we can assign value to a String using an ordinary assignment statement, something we cannot do with any other object.


String title;

title = "Now is the time";

What's really happening here is that title is a reference to a String object.  The assignment statement is translated into

title = new String("Now is the time");

which creates a new String object with the desired value and assigns its location to the reference.  Hence each assignment to a String actually creates a new String object.  The code below, which pads a string s on the right until it is 100 characters long, can create as many as 100 String objects, all but the last one ending up as garbage.  Fortunately, Java's automatic garbage collection takes care of all the garbage for us.


while (s.length() < 100)



s = s + " ";

8.9.1 String tools

In addition to the length method, the String class has lots of other useful built-in methods, a few of which we show here.  In what follows, assume that s1 and s2 are String  objects with non-null value.

s1.charAt(int i) returns the character in position i of s1.  The first character is in position 0, the second in position 1, etc. The last character of s1 is s1.charAt(s1.length()-1).

s1.equals(s2) returns true if the two strings are exactly equal and returns false otherwise.

s1.equalsIgnoreCase(s2) returns true if the two strings are equal if case is ignored.

s1.compareTo(s2) returns a negative integer if s1 is less than s2 in lexicographic ordering (that is, s1 would come before s2 in the dictionary).  It returns a positive integer if s1 is greater than s2, and it returns zero is s1 and s2 are equal.

s1.substring(int start) returns a String that is a substring of s1 starting in position start and going to the end.  

s1.substring(int start, int last) returns a String that is a substring of s1 starting in position start and ending in position end-1.  The minus one makes this a little tricky and non-intuitive, but is an artifact of zero being the index of the first character. 

Examples

s1 = "abcdefg";

s1.substring(1) 




is "bcdefg", all but the 












first character

s1.substring(4) 




is "efg"

s1.substring(1,4) 



is "bcd"

s1.substring(0,s1.length()) 
is "abcdefg", the whole string

s1.substring(0,s1.length()-1) is "abcdef", all but the 












last character.

8.10 Vectors

Java provides a unique class called Vector.  A vector is a linear aggregate data structure like an array, but with two important differences.  First, vectors are not fixed size as are arrays.  A vector object can grow arbitrarily as more space is needed.  And second, elements of a vector must be objects.  Vectors cannot hold primitive data types.

We create a Vector object in the usual way.

Vector vList = new Vector();

Parameters to the Vector constructor are optional and specify the initial size of the Vector object and the amount by which the size is increased when more space is needed.  But, we don't need to worry about that now.  At any given time, elements 0 through n of a Vector are occupied.  New elements can be added to the Vector at any position (0 through n+1); an existing element can be replaced or deleted. Some of the Vector methods are summarized below.  Check your Java reference for a complete list.  

Writer methods

addElement(Object x)




Add x to the end of the Vector. 







 




Size increases by one.

insertElementAt(Object x, int i)
Add x to the Vector in position i, 












pushing elements in position i and












beyond down by one. Size increases







 




by one.

removeElementAt(int i)



Remove element at position i and 












close up. Size decreases by one.

setElementAt(Object x, int i)

Replace the Object currently in

 








position i with x.  No change in

 








size. 

Reader methods

elementAt(int i)





Returns the Object in position i.

firstElement()






Returns the first Object in the Vector.

lastElement()






Returns the last element in the Vector.

size()








Returns the current size (int) of the Vector.

Since every element in a Vector is of type Object, it is generally necessary to cast the element to the desired type when retrieving an element form a Vector. For example, we can add a Rectangle object r1 to the end of Vector vList with the statement

vList.addElement(r1);

But if we tried to retrieve an element from vList and assign it directly to a Rectangle reference, we would get a type mismatch.  Instead, we must cast the retrieved Object to Rectangle.  Thus, to retrieve the Rectangle object in position 5 of vList and assign it to Rectangle reference r2, we would do the following.

r2 = (Rectangle)vList.elementAt(5);

8.11 Wrapper classes

There are times when we would like primitive data types to be treated like objects.  For example, we might want to put integers into a Vector, but a Vector cannot hold primitives.  Java provides a set of classes, called wrapper classes, that mirror the primitive types.  Each wrapper class object encapsulates a primitive value and provides various methods for retrieving the value and for converting it to different forms.  Many of the methods are defined as static so that they can be used without having to create an object.  We have actually already done that.  The Integer wrapper class contains the method parseInt(String s) that returns the int value of s. We have used this to convert a string read form the keyboard into an int.

Shown below are the primitive types and the associated wrapper class.

Primitive

Wrapper


type


 class    
byte



Byte

short



Short

int



Integer

long



Long

float



Float

double


Double

char



Character

boolean


Boolean

See your reference manual for the complete set of wrapper class methods.

8.12 Interfaces (required for Chapter 8)

When we go into a store to buy a light bulb, we are faced with a huge choice of designs and manufacturers.  But we know that any of them will work in our light sockets at home.  That's because there are standards.  For example, American light bulbs operate on 110 volts, 60 Hz. and have a screw-in base that tightens clockwise.  These standards were set long ago.  And companies that want to manufacture and sell light bulbs must adhere to the standards.

The same is true in programming.  Pieces of large programs, written by a team, have more conceptual integrity, and more importantly, are more likely to work properly together if initially some standards are set and if the various pieces adhere to these standards.  It has always been possible to create standards, but not always possible to enforce them.  One of the virtues of object oriented programming is that it make enforcement possible.

Java permits interfaces.  These are classes that lack method code and hence cannot be instantiated.  That is, we can't create an interface class object because the class definition is incomplete.  Why bother?  The interface sets the standards including method names and parameter lists.  Other classes then implement the interface and are forced to adhere to the standard.

Let's say for example, we were going to write a program that deals with regular geometric shapes: circles, equilateral triangles, squares, regular pentagons, regular hexagons, etc.  To further simplify, we assume that each of the shapes (except for the circle, of course) has its bottom side horizontal (as if it were sitting on the floor).  All such shapes can have their position on the x-y plane and their size specified by a center point (centerX, centerY) and a radius.  For regular polygons, we define the radius to be the distance from the center point to any of its vertices.  

We would probably want to create a class for each shape: a Circle class, a Triangle class, etc.  These would include constructors to initialize the position and size of the object, writers to change the position or size, and readers to retrieve various properties such as area and perimeter.   There may also be methods unique to the shape.  For example, only the polygons could have a reader that returns the size of the angle between two adjacent edges.  If we were to assign each shape class to a different programmer, we might well end up with a bunch of shape classes with no standard method naming convention, and possibly with differing parameter lists as well.  

Instead, we first create an interface that sets the standard.  In Java, interfaces are denoted by the (subtle) keyword interface in the class definition.  Each method in the interface class has only a single line specifying the method name and parameter signature.  Each of the individual shape classes will implement this interface.  This forces each class to provide a method matching the name and signature for each method in the interface.  The standard is thus enforced.  

Shown below are the Shape interface and two classes that implement the Shape interface: Circle and Square.  Any class that implements an interface must provide code for all the methods in the interface. These classes can have more methods than are required by the interface, as for example, the getAngle method in the Square class.  But they must implement all the interface methods.

Interface classes also permit polymorphism.  We will revisit interface classes and discuss polymorphism in Chapter 8.

public interface Shape

{


public void setCenter(int cx, int cy);


public void setRadius(int r);


public int getCenterX();


public int getCenterY();


public int getRadius();


public double getArea();


public double getPerimeter();


public String toString();

}

public class Circle implements Shape

{


private int centerX, centerY, radius;


private double PI = 3.14159;


void Shape()


{



centerX = 0;



centerY = 0;



radius = 0;


}


public void setCenter(int cx, int cy)


{



centerX = cx;



centerY = cy;


}


public void setRadius(int r)


{



radius = r;


}


public double getArea()


{



return PI*radius*radius;


}


public double getPerimeter()


{



return PI*2.0*radius;


}


public int getRadius()


{



return radius;


}


public int getCenterX()


{



return centerX;


}


public int getCenterY()


{



return centerY;


}


public String toString()


{



String s="The circle has center at ("





 +centerX+","+centerY+") and radius = "





 +radius;



return s;


}

} // end of Circle

public class Square implements Shape

{


private int centerX, centerY, radius;


private double side;


void Square()


{



centerX = 0;



centerY = 0;



radius = 0;



side = 0.0;


}


public void setCenter(int cx, int cy)


{



centerX = cx;



centerY = cy;


}


public void setRadius(int r)


{



radius = r;



side = Math.sqrt(2.0*radius*radius);



}


public int getRadius()


{



return radius;


}


public int getCenterX()


{



return centerX;


}


public int getCenterY()


{



return centerY;


}


public double getArea()


{



return side*side;


}


public double getPerimeter()


{



return 4.0*side;


}


public String toString()


{



String s="The square has center at ("





 +centerX+","+centerY+"), radius = "





 +radius+", and side = "+side;



return s;


}


public double getAngle()  // Return the angle between 










  // adjacent sides.


{



return 90.0;


}

} // end of Square

9 Exceptions, and robust programs (required for Chapter 3)

9.1 Robust programs

A program should perform correctly if the data provided to it is correct.  This goes without saying. But how should a program behave if its data is not correct?  For example, if input to a program is supposed to consist of an integer, greater than or equal to zero, how should it behave if the input is "ABC" or –10 or 3.5?

One strategy is to say that all bets are off if the input is incorrect.  The program may behave unpredictably, give arbitrary results, or even crash.  This is acceptable in elementary programming courses where getting the program working correctly with valid input is hard enough.  But in the real world, we need programs to be robust, that is, the program must behave correctly on correct data and must do something graceful and predictable with incorrect data.  By predictable, we mean that the same error should cause the same result every time.  By graceful, we mean that the program should not crash, nor should it produce results that appear to be correct, but in fact are not.  And the error condition should always be made obvious.

The first question is what should a program do when incorrect data is encountered?  There are many possibilities.   The program could simply issue an error message and stop.  This would be appropriate if the error condition made further processing impossible.  Alternatively, if the error was caused by bad input (for example, a user entering a letter when an integer was expected, specifying the name of a non-existent file, or specifying a non-existent URL), the program could issue an error message and ask the user to try again to enter valid data.  Still another possibility, the program could ignore the erroneous data and use default values instead (after, of course, issuing an appropriate message).  Or the program could make a best effort to convert the erroneous data into valid data before proceeding.  For example, if an integer greater than or equal to zero was expected and the user entered –10, the program could issue an error message, but then go ahead using the absolute value 10 as input.  The best course of action depends on the application.  But regardless of which strategy is used, a robust program must note the error, must not behave capriciously, must not appear to be giving valid results, and must not crash.

How do we make a program robust?  We will use a simple case study to illustrate the various possibilities.  The program below reads a single integer and displays the integer, its square, and the integer quotient of 100 divided by the integer.  The requirement
 is that the input must be a nonzero integer. 


public static void main (String[] args) throws IOException


{



// Read an integer.  Display the integer, its square,



// and the quotient of 100 divided by the integer.



// Input must be integer != 0.



BufferedReader stdin = new BufferedReader 

        (new InputStreamReader(System.in)); 



// Prompt and read one integer.



System.out.print("Please enter an integer not equal to 0 -> ");



int x = Integer.parseInt(stdin.readLine());



// Display results.



System.out.println("You entered "+ x);



System.out.println(x+" squared is "+ x*x);



System.out.println("100 divided by "+ x +





" is "+100/x);


}


Version 1: read an integer and display results

This little program works great if the input is correct, but crashes if the input is not an integer or is equal to zero.  It even crashes if the input is an integer, but with leading and/or trailing blanks.  How can we make it robust?

One strategy is to catch every possible error before it causes trouble. This is the only strategy possible in many programming languages, although as we will see shortly, Java offers a better way.  To prevent errors from causing problems, we must read the input as a string, the only possible way of reading input that is guaranteed not to crash.  Then we must verify that the string contains a valid integer not equal to zero.  And only then, can we safely convert the string to an integer and calculate the results.  A robust version of the program is shown below.  It strips blanks so that an integer with leading or trailing blanks can be treated as valid.  Notice that the blank stripping code has to take into consideration the possibility that the input is entirely blank.  If the input is not correct, the program displays an error message and asks the user to try again.  Note that the comment requiring that the input be an integer not equal to zero has been rephrased since the program can now correctly handle any input.

public static void main (String[] args) throws IOException


{



// Read an integer.  Display the integer, its square,



// and the quotient of 100 divided by the integer.



// Valid input in an integer != 0.



// Invalid input is rejected.



BufferedReader stdin = new BufferedReader 

        (new InputStreamReader(System.in)); 



int x;  // Input value.



while (true) // Loop until valid input.



{




// Prompt and read one line.




System.out.print("Please enter an integer not equal to 0 -> ");




String s = stdin.readLine();




// Test for empty input.




if (s.length()==0)




{





System.out.println("Input is invalid: empty line.");





continue;




}




// Remove leading blanks.




while (s.length()>0 && s.charAt(0)==' ')  // SC eval





s = s.substring(1); // Delete first character.




if (s.length()==0) // Input was all blank.




{





System.out.println("Input is invalid: all blanks.");





continue;




}




// Remove training blanks.




while (s.charAt(s.length()-1)==' ')





s = s.substring(0,s.length()-1); // Delete last character.




// Determine if all remaining characters are digits.




int i = 0;




while (i<s.length()     && 

                s.charAt(i)>='0' &&

                s.charAt(i)<='9')   // SC eval7




i++;




if (i<s.length()) // Non-digit found.




{





System.out.println("Input is invalid: contains non-digits.");





continue;




}




// We know s contains an integer and can safely be converted.




x = Integer.parseInt(s);




if (x==0)  // Input is zero.




{





System.out.println("Input is invalid: must be non-zero.");




}




else





break;  // Valid: input is non-zero integer.





}  // End of while(true)



// We now have a valid integer not equal to zero.



// Display results.



System.out.println("You entered "+x);



System.out.println(x+" squared is "+x*x);



System.out.println("100 divided by "+x+" is "+100/x);



System.out.println("End of job");


}  // End of main


Version 2: A robust version of Version 1

Notice the length of the program and how the error checking dominates the program code and obscures what the program is really doing. This is not unusual.
  Checking for and preventing errors in the program code often requires more lines of code than does the program's actual purpose.  It also clutters up the program code and makes understanding the program more difficult.  Can we do better?

9.2 Java exceptions

Java provides a better way of dealing with errors.  Rather than try to predict all possible errors and prevent them from occurring, the Java strategy is to just allow the errors to occur and then deal with them gracefully.  Whenever Java detects an error, for example, when the user enters "ABC" or 1.5 where an integer is expected, or an integer division by zero occurs, it creates an exception object and then throws that exception object.  This is what is actually happening in Version 1.  If we are not prepared for the exception, then Java will just crash.  But we can anticipate and handle the exception using Java's try/catch mechanism.  The try block contains code that might generate (throw) an exception; the catch clause contains code to handle exceptions if they occur.  The try/catch mechanism works as follows. The code in the try block is executed.  If no exceptions occur, the catch clauses are bypassed.  But if an exception occurs within the try block, control transfers immediately to the appropriate catch clause.  Once the code in the catch clause has been completed, control passes to the end of the try/catch block.

Below is another robust version of the program, but this time using the try/catch mechanism to handle exceptions.  Note first, that it is shorter than Version 2.  More important, there is a clear separation of the "normal" code from the error handling code.  The lines of code in Version 3 that are the real meat of the program – the lines inside the try block that prompt the user, read the integer, strip the blanks, and calculate the fraction – are written without the distraction of potential problems. The program is prepared to handle three exceptions: the StringIndexOutOfBoundsException which is thrown if we try to access a character beyond the end of a String; the NumberFormatException, which is thrown when Integer.parseInt tries to convert a non-digit string to an integer, and the ArithmeticException, which is thrown when we attempt to divide an integer by zero.   Notice also that if the program makes it past the blanks strippers without generating an exception, then the input must contain at least one non-blank character. Then if the program makes it past the statement

x = Integer.parseInt(stdin.readLine());

without generating an exception, then we know that the input string must be contain a valid integer, and hence x is a valid integer.  Finally, if the program gets past the statement 

recip = 100/x;

without an exception we know that x must not be zero.  At that point, we know the input meets the requirement and we can leave the input reading loop and display the results.

public static void main (String[] args) throws IOException


{



// Read an integer.  Display the integer, its square,



// and the quotient of 100 divided by the integer.



BufferedReader stdin = new BufferedReader 

        (new InputStreamReader(System.in)); 



String s

 // Input string.



int x;
    // Input value expressed as an integer.



int recip;   // 100/x.



while (true) // Loop until valid input.



{




try




{





System.out.print("Please enter an integer not equal to 0 -> ");





s=stdin.readLine();





// Remove leading blanks.





while (s.charAt(0)==' ')







s=s.substring(1); // Remove first character.





// Remove training blanks.





while (s.charAt(s.length()-1)==' ')






s=s.substring(0,s.length()-1); // Remove last character.





// Convert s to integer.





x=Integer.parseInt(s);





recip = 100/x;





break;  // If we got here, input must be valid.  

                    // Leave the loop.




}




catch (StringIndexOutOfBoundsException e)




{





System.out.println("Input contains no non-blanks.");




}




catch (NumberFormatException e)




{





System.out.println("Input is invalid.");




}




catch (ArithmeticException e)




{





System.out.println("Input must be non-zero.");




}



}  // End of while(true)



// Display results.



System.out.println("You entered "+x);



System.out.println(x+" squared is "+x*x);



System.out.println("100 divided by "+x+" is "+recip);


}


Version 3: A better robust version of program 1.

9.3 More on catching exceptions.

When an exception occurs, an exception object is created and thrown.  If the exception is thrown in some method but not caught there, the exception is passed or propagated up to the method that called the method that caused the exception.  If that method doesn't catch the exception, it is passed up yet another level.  Propagation continues until either the exception is caught or until the exception is propagated out of the main method, which then causes Java to crash.  

Java divides exceptions into two categories: checked and unchecked.  A checked exception, must either be caught or, if it is to be propagated upward, must be explicitly listed in the throws clause of the method header. For example, IOException is a checked exception.  In all our example programs so far, IOException is not caught, so it must be explicitly listed in the method header.  Unchecked exceptions, such as ArithmeticException and other descendants of the RuntimeException class should not be explicitly listed in the throws clause.  If not caught, they are implicitly propagated upward.

The try statement consists first of the try block which contains the code that might generate exceptions.  This is followed by one or more catch clauses, one for each type of exception to be handled.  Each catch clause has a single parameter: the exception object.  The exception class offers several methods that are useful to indicate the type of exception and where it occurred.  Each exception object contains a self-identifying method, getMessage(), that returns a string identifying the exception type.  This method can be called explicitly or called implicitly by just using the object name.  The following two statements can be used inside a catch clause to identify the exception; both produce the same results.

System.out.println(e.getMessage());

System.out.println(e);

The method 

e.printStackTrace();

will display the detailed location of where the exception occurred.

9.4 The finally clause

The try statement can have an optional finally clause following all the catch clauses.  The code in the finally clause is executed at the end of the try statement, regardless of whether or not any exceptions were encountered.  The complete form of the try statement is shown below.

try

{


code of try block

}

catch (firstException e)

{ 


exception handling code 

}

catch (secondException e)

{ 


exception handling code

}

catch (thirdException e)

{ 


exception handling code

}

………

finally

{


finally code

}

The flow of control is summarized in the diagram below.



9.5 Throwing an exception

Normally, exceptions such as NumberFormatException or ArithmeticException are thrown by methods such as parseInt or by operations such as division that have been written by others.  But we can also throw these exceptions ourselves simply by using the Java throw statement.  For example


throw new NumberFormatException();

creates a new NumberFormatException object and then throws it.  If there is an associated catch clause, control immediately transfers to that clause.  If not, the exception is propagated upward as usual.  A string parameter can be passed to the exception constructor, for example


throw new NumberFormatException("My generated exception");

The string becomes part of the message associated with the exception.

But why would we ever want to create an exception?  For debugging purposes, it is often useful to generate possible error conditions in order to exercise the code that deals with these errors.  Further, as we will see in the next section, we may want to create our own exceptions and throw them when appropriate.

9.6 Creating new exceptions

Not only does Java let us throw existing exceptions, it also allows us to create and throw our own exceptions.  The details of creating exception classes will be postponed until the chapter on inheritance, but we will present a very simple example here.  

Some programming languages support subrange types.  These are data types derived from built-in types, but whose values are restricted to some subrange.  For example, we could have a subrange of the integer type that allows values in the range 0...200.  This could be useful for representing a people's age.  Variables defined as subrange types have their values restricted to the specified range.  Any attempt to store a value outside the range (either by input or by assignment) results in an error. Hence, for example, an input error or a program bug which resulted in someone's age being –10 or 300 would cause an immediate crash.

Java does not support subrange types.  But we can create a subrange exception class.  Then we can test a variable, and if it is out of range, throw the exception.  Shown below are the definition of a subrange exception, a integer subrange class, a simple piece of code that exercises the exception, and some sample output. The first line of the Subrange class indicates that this class is derived from the class RuntimeException and therefore contains all the methods from that class. The call to super calls the constructor in the class from which SubrangeEx is defined.  This is an example of inheritance, one of the mainstays of object oriented programming.  We will study inheritance in detail later in the course. 

import java.util.*;

// Subrange exception class

class SubrangeEx extends RuntimeException

{


SubrangeEx()


{



super("Subrange exception");


}


SubrangeEx(String s)


{



super ("Subrange exception: "+s);


}

}

public class SubrangeInt

{


private int low, high, val;  // low and high define the subrange.











  // val is the integer value.


// Initialize subrange.


SubrangeInt(int l, int h)


{



low = l;



high = h;


}


// Set value; check for validity.


public void setInt(int i)


{



if (i < low || i > high) 




throw new SubrangeException(i+" is out of range");



val = i;


}


// Return value.


public int getInt()


{



return val;


}

} // End of SubrangeInt class

public static void main(String[] args) throws IOException

{


BufferedReader stdin = new BufferedReader 




(new InputStreamReader(System.in));


final int SENTINEL = -999;


SubrangeInt i = new SubrangeInt(0,200);


while (true)


{



try



{




System.out.print("Enter your age; -999 to quit -> ");




// Read in the age.




int inVal = Integer.parseInt(stdin.readLine());




if (inVal == SENTINEL) break;




// Assign inVal to subrange object.




i.setInt(inVal);




 System.out.println(i.getInt()+" is a valid value");



}



catch(SubrangeEx e)



{




System.out.println(e);



}



catch(NumberFormatException e)



{




System.out.println(e+" is not a valid integer.");



}


}


System.out.println("\nEnd of job.");

}


10 Reading and writing a text file

Screen output from a program is ethereal; it disappears forever when the program ends.  If we want to preserve program output, we often write the output to a file. Later on, we might want to read that file back.  The code below shows how to read and write text files.  These are files containing lines of characters, each line ending in a carriage return.  Text files can be easily read or written with one of the simple text editors (such as Notepad) and generally have the suffix txt.  

The program copies an input text file to an output file adding two lines to the output: a user name and a date. Date is a built in class containing today's date.  The Printer class allows output to be directed both to the screen and to a specified text file. The name of the input file is specified as the first command line parameter and is required.  The name of the output file is specified as the second parameter and is optional. If the output file name is not specified, a default file name of outFile.txt is used.  Most of what's here is not new.  But there are two new concepts. First, an attempt to read past the end of a file with stdin.readLine() will result in a null String reference.  This is how we detect the end of file.  Second, when we are done writing a file, we must explicitly close the file.  If we don't, the file will not be saved.

import java.io.*;

import java.util.*;

public class Class1

{



// Copy specified input file to specified output file,


// adding name and date.


// Input:   text file specified as the first command line parameter.


// Output:  text file specified as the second command line parameter


//          or "outFile.txt" if no output file is specified.


// Errors checked for: none


// Restrictions: input file must exist.


public static void main (String[] args)throws IOException


{



// Input file named as first arg.



BufferedReader inFile=new BufferedReader




(new FileReader(args[0]));



// Output file named as second arg or default name



// of "outFile.txt" if no output file name is given.



Printer p;



if (args.length > 1)




p=new Printer(args[1]);  // Name specified.



else 




p=new Printer("outFile.txt");  // Default name.



// Write name and time on the output file.



Date d=new Date();



p.displayln("Dwayne Johnson\n"+d);



// Copy input file to output file.



String line;



while(true)



{




// Read one line from input file.




line = inFile.readLine();




if (line == null) break;  // End of file results in a












  // null reference for line.




// Write one line to file and screen.




p.displayln(line);



}



p.close();  // Save the output file.


}

}

// Class for displaying output to both the screen and a file.

import java.io.*;

public class Printer

{


PrintWriter outfile;


// Create output file with specified name.


Printer(String fileName)throws IOException


{



outfile = new PrintWriter(new BufferedWriter




(new FileWriter(fileName)));


}


// Display string and go to next line.


public void displayln(String s)


{



System.out.println(s);  // Output to screen.



outfile.println(s);     // Output to file.


}


// Display string; no new line.


public void display(String s)


{



System.out.print(s);   // Output to screen.



outfile.print(s);      // Output to file.


}


// Close output file.  File must be closed in order for it


// to be saved.


public void close()


{



outfile.close();


}


}

11 A final word

There's more to Java than has been presented here. A lot more!  And while the basic language is more or less fixed, the available class libraries are growing all the time.  In later chapters, we will see a good deal more of the language. But this chapter should be enough to get you started writing interesting Java programs.
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�The programs of this chapter are meant to illustrate the characteristics of the Java language, and although we will make an effort not to violate rules of good programming practice, many of the programs will be neither exemplary nor interesting. 


� It seems reasonable that each object has its own copy of the variables, but seems terribly wasteful for each object to have its own copy of all the methods.  Actually, the programming system doesn't really duplicate the method code in each object.  But it's a useful abstraction to think of each object having it own copy of both the data and the methods.


� Ah ha!  That's why all the methods in the main class are defined as static.  It is so that these methods can be used without having to create a main class object.


� Later on, when we discuss interfaces, inheritance, and abstract classes, we will see this rule relaxed somewhat.


� Another mystery revealed.  Now we see why we needed "String[] args" as part of the first line of the main method.  It is the parameter to the main method.


� Later on, we will refer to such requirements as preconditions.


� Short circuit evaluation is essential here to prevent an attempt to access a character beyond the end of the string.  


� In the chapter on finite state machines, we will see an alternate (and probably better) way to verify that a string contains exactly one integer.  





© 2001 Donald F. Stanat and Stephen F. Weiss

1/14/2004

4:08 PM

