Program Errors and Exception
Chapter 2.1 - 2.5

Link to Java's API specifications

http://java.sun.com/j2se/1.5.0/docs/api/
Types of problems with programs

· Syntax errors

· These keep your program from compiling

· The trend has been to make more and more errors be caught by the compiler 

· Java is a strongly typed language, which makes catching more errors at compile time possible

· Run-time errors or exceptions

· These are errors that crash your program

· Sometimes this is a good thing; at least then you know where the errors is

· If you can anticipate what errors may occur, you can  catch the exceptions so your program doesn’t crash

· Logic errors

· In this case your program runs, but gives incorrect results.

· Often these are the hardest errors to detect and fix
Run-time Errors or Exceptions

· Run-time errors

· Occur during program execution

· Occur when the JVM detects an operation that it knows to be incorrect

· Cause the JVM to throw an exception

· Examples of run-time errors include

· Division by zero

· Array index out of bounds

· Number format error

· Null pointer exceptions

Some Exception classes & causes of exception

Java Exceptions

· An exception is an object that defines an unusual or erroneous situation

· It is an instance that is derived from the java.lang.Exception class

· Since an exception is an object of a class, each exception has a type

· An exception is thrown by a program or the runtime environment

· When it is thrown, the constructor is called and the object created

· It can be caught and handled if desired

· If it is not caught, it is thrown by main, which causes the program to crash

· An error is similar to an exception, except that it generally represents an unrecoverable situation and should not be caught
Why catch Exceptions

· Catching exceptions gives the programmer a chance to have the program recover from errors rather than crash.

· For example if the user must enter an int, and enters a String, the program will terminate with an error message.

· It would be better for the program to tell the user what they have done wrong, and give them another chance.

· Other exceptions the programmer can anticipate should usually also be caught.
Options dealing with exceptions

· A program can:

· Not handle the exception at all and let main throw it to the Operating System (program crash)

· Handle the exception in the method where it occurs

· Handle the exception at another point in the program

· That is, throw the exception, and let it be caught somewhere else in the program
Predefined exceptions

· Java has a predefined set of exceptions and errors that may occur during the execution of a program

· In addition, you can and usually should define your own exception classes that extend the predefined ones

· These user-defined exceptions can be more specific about how the exception should be handled.

· They can also be more informative about what caused the exception
The Exception Class Hierarchy

· During execution if the system encounters something it knows is wrong, it will throw an exception

· When an exception is thrown, one of the Java exception classes is automatically instantiated

· Exceptions are defined within a class hierarchy that has the class Throwable as its superclass

· Throwable is a sublcass of Object class

· Classes Error and Exception are subclasses of Throwable

· RuntimeException is a subclass of Exception

The Class Throwable

· Throwable is the superclass of all exceptions

· All exception classes inherit the methods of Throwable

Checked and Unchecked Exceptions

· Two categories of exceptions: checked and unchecked

· Checked exception normally are not due to programmer error and is beyond the control of the programmer

· All exceptions caused by I/O errors are checked exceptions

· The programmer must handle these exception, or include a throws clause to indicate they are not handled

· Unchecked exception may result from

· Programmer error

· Serious external conditions that are unrecoverable

· RuntimeExceptions are unchecked
Checked & Unchecked Exceptions

· RuntimeExceptions are unchecked

· It is often better if they terminate your program, so it is not necessary to catch them

· Other subclasses of Exception are checked.

Handling exceptions

· A try statement identifies a block of statements that may throw an exception (or call a method that may throw an exception)

· Any number of statements can be in the try block, all of which would not potentially throw an exception

· A catch clause, which follows a try block, defines how a particular type of exception is handled.

· A try block can have several catch clauses associated with it.

· Each catch clause handles a different type of exception

· The catch clauses are the exception handlers.

· If no exception is thrown when the try block is executed, the catch clauses are skipped.

· They are only executed if an exception occurs
   Throwing and catching exceptions

1. First you must recognize what exception class(es) may be thrown.

· You can use one of the predefined exception classes, 

· The class Exception is the superclass of all predefined exceptions, so it can be used, but doesn’t give much information about the type of error

· Or you can create an new class that is derived from an existing class.

·   This allows you to be more specific about what caused the exception

2. Next, an exception must be thrown at the right point.

· Exceptions are thrown in two ways

· The programmer throws them 

· The system automatically throws them when it encounters an exceptional condition.

· Only predefined exceptions are thrown automatically.

3. Finally code must be written to handle or catch the exception.

· We will look at examples of each of these on the next slides.
Example:  Throwing an Exception by the programmer

· It is an exception if the method remove( ) tries to remove an element from an array whose index is out of range

 public void remove(int index) throws ListIndexOutOfBoundsException


{ 
if (index >= 1 && index <= numItems) {




do something

   

 else {

       

 throw new ListIndexOutOfBoundsException  ("The array 





index was out of bounds in the remove( ) method"); 



}

    } 
· This will call the constructor for ListIndexOutOfBoundsException 

·  and create  an object that can be caught

· The object created by the constructor had a String attribute—Now the value of that String is the above message 

Example of try block & catch clause

catch (ListIndexOutOfBoundsException   mesg)

   {    System.out.print(mesg) 

        System.out.print(“Index out of bounds”);

   }  //or anything else you think might be good to say 

catch (I/OException mesg)

   {   code to handle exception  }
Unhandled exceptions

· The Java system automatically throws an exception if the program does not

· When it does this, the program eventually crashes if the exception is not caught

· But it generates some exception messages to give a clue where execution stopped

Unhandled Exception messages 

· The first line indicates which exception was thrown and some info about why it was thrown

· The call stack trace indicates where the the exception occurred

· The first line of the trace indicates the method, file and line number where the exception occurred.

· The other lines in the trace indicate the methods that were called to get to the method that produced the exception
