Introduction to Algorithms and
Data Structures

L ecture 7 — Exception Handling

Runtime Errors

» Sometimes programs are stopped because their
errors are so severe that they cannot recover
from them. These are called fatal errors (or
unrecoverable errors). They are also called
exceptions, and some require the attention of
the operating system or the programmer.

» They are also called runtime errors because
they occur when the program is running.




Anticipating Runtime Errors

 Itisamost alwaysin the programmer’s best
interest to catch these errors himself (or
herself) because the programmer can usually
handle it more gracefully than the operating
system can.

 Java provides a mechanism for handling boh
standard exceptions (errors anticipated by the
Java compiler) and non-standard exceptions.

BadDi vi si on. j ava

/1 A sanple of sone bad proganm ng
public class BadDivision {
public static void main(String[] args) {
int x, vy, z;

X = 5;
y = 0;
z =x 1 vy,

System out.println("The answer is " + 2z);




Output for BadDi vi si on. j ava

ArithmeticException: / by zero
at BadDivision.main(BadDivision.java:8)
at sun.reflect.NativeM ethodAccessor lmpl.invokeO(Native M ethod)
at sun.reflect.NativeM ethodAccessor | mpl.invoke(Unknown Sour ce)
at sun.reflect.DelegatingM ethodA ccessor | mpl.invoke(Unknown Sour ce)
at java.lang.reflect.M ethod.invoke(Unknown Sour ce)

What is an exception?

» To Java, an exception is an object that has a
base class called Exception. Itispossibleto
create ones own classes of exceptions and use
them to handle errors in a graceful, proper
fashion.




try andcat ch

* Itisproblematic to have the operating system
try to deal with exceptions, especially the ones
that we should be able to anticipate.

» We can have the methods deal with their own
problems by using try and catch.

» The exception that occursin atry block is
handled by the appropriate catch block.

Syntax fortry andcat ch

try {
Some statements wher e an exception may
occur

} catch ( AnExceptionTypeexception) {
Some statement to handle the exception

}




BadDi vi si on. j ava
Rewritten to Handl e the Exception

/1 A sanmple of some bad progami ng
public class BadDivision {
public static void main(String[] args) {
int x, vy, z;
X 5;
y =0;

try {
z =x1 vy,

}

catch (ArithneticException e) {
Systemout.println("Oops! " + e.getMessage());
z = 0; // Necessary so that we can print z

}

System out.println("The answer is " + 2z);

Can We Design Our Own Exceptions?

* Yes. We can do this using instances of the
base class Exception.

» \We can create derived classes of the base class
exceptions.

» We can use one or more of thelibrary
exception classes that are part of Java.




Example: Badl O. j ava

i nport java.util.*;

[l An illustration of another type of exception
public class Badl O {

public static void main(String[] args) {
int x, vy, z;

x = readl nput ();
Systemout.println("The input is " + Xx);

}

/1 readlnput() — Reads an integer input
public static int readlnput() {
Scanner keyb = new Scanner (System i n);
try {
[l Get the input (which should be an integer)
Systemout.println("Enter an integer\t?");
return (keyb.nextlnt());
}
catch (I nputM smat chException e) {
/1 Maybe the input isn't an integer
System out. println(e.get Message());
System out. println("Oops!");
return 4;




Another Example: DancelLesson. j ava

i nport java.util.Scanner;

public class DancelLesson {

public static void main(String[] args) {
Scanner keyb = new Scanner (System i n);

System out. println
("How many nal e dancers are there?");
int men = keyb. nextlInt();

System out. println
("How many femal e dancers are there?");
int wonmen = keyb. nextlnt();

if (men == 0 & wonen == 0) {
System out. println
("Lesson is canceled. No students.");
System exit (0);
}
else if (men == 0) {
System out. println
("Lesson is canceled. No nen.");
System exit (0);
}
else if (women == 0) {
System out.println
("Lesson is canceled. No wonen.");
System exit (0);
}




/1 women >= 0 & men >= 0
if (wonen >= nen)
Systemout.println
("Each man nust dance with *“
+ wonen/ (doubl e)men + " wonen");
el se
Systemout.println
("Each woman nust dance with "
+ nmen/ (doubl e) wonmen + " nen");
Systemout.println("Begin the | esson.");

DancelLesson2. java withtry andcat ch

i nport java.util.Scanner;

public class DanceLesson2 {
public static void main(String[] args) {
Scanner keyb = new Scanner (System i n);

System out. println
("How many mal e dancers are there?");
int men = keyb. nextint();

System out. println
("How many femal e dancers are there?");
i nt wonen = keyb. nextlnt();




/1 This may illustrate the syntax but
/1 good use of exception handling
/!l Here in the try block, we place the code that
/1l is likely to cause the exception

try {

if (men == 0 & wonen == 0)
t hrow new Exception
("Lesson is canceled. No students.");

el se

if (men == 0)

t hrow new Exception
("Lesson is canceled. No nen.");

el se

if (wonmen == 0)

t hrow new Exception
("Lesson is canceled. No wonen.");

it isn't a

/1 wormen >= 0 & & men >= 0
if (wonmen >= nen)
Systemout.println

el se

("Each man nust dance with
+ wonen/ (doubl €) ren +

Systemout.println

("Each wonan nust dance with
+ nen/ (doubl e) wonen

wonen");

men”);




/1l Here in the catch bl ock, we place the code
/1 that we will execute if there is an exception
/1 found.
/1 1f we don't find an exception we skip down
/'l the next block of code.
catch (Exception e) {
String nessage = e.get Message();
System out. printl n(nessage);
System exit(0);
}

Systemout.println("Begin the | esson.");

t hr ow Statement

* The syntax for athrow statement is:

t hr ow new ExceptionClassName
( MaybeSomeArguments) ;

* When the throw statement is executed, the exexution
of the surrounding try bloack is stopped and
(normally) control istransferred to a catch block.
The code in the catch block is executed next.

* Example

Thr ow new Exception("Di vision By Zero");
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cat ch Block Syntax

The syntax for acat ch block is:
cat ch ( ExceptionClass CatchBlockParam) {

Code to be performed if an exception with this name isthrown in the try
block.

}
The catch block parameter is an identifier in the heading of a
catch block that serves as a placeholder for an exception that
might be thrown. When a suitable exception is thrown in the
preceding try block, that exception is plugged in the for the
catch block parameter. While eistypically used, it can be any
identifier.
Example

catch (Exception e) {

System out. printl n(e. get Message());
System exi t(0);

get Message()

Every exception has a String instance variable that contains
some message, which typically identifies the reasob for the
exception.
e. get Message() returns the message contained within the
exception object e.
Example
t hrow new Exception(“Input nust be positive.”);
is caught by
Catch (Exception e) {

System out. println(e.get Message());

System exit (0);
}
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Di vi si onByZer oException. j ava

/1 A derived class of exceptions
public class DivisionByZeroException
ext ends Exception {
/1 VWile a constructor could have nore,
/1 this is a commopn form
public DivisionByZeroException() {
super ("Di vision by zero!!");

}

/1 We're invoking the base class's constructor
public DivisionByZeroException(String nessage) {
super (nmessage) ;
}
}

Di vi si onDenvo. j ava
i nport java.util.Scanner;

public class DivisionDemp {
public static void main(String[] args) {

try {
Scanner keyb = new Scanner (System i n);

Systemout.println("Enter nunerator:");

i nt nunmerator = keyb.nextlnt();
Systemout.println("Enter denoninator:");
i nt denom nator = keyb.nextlnt();

i f (denom nator == 0)
t hrow new Di vi si onByZer oException();
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doubl e quoti ent
= nuner at or/ (doubl €) denoni nat or
System out. println(numerator + "/"
+ denom nator + "=" + quotient);

}
cat ch(Di vi si onByZer oException e) {

System out. println(e.get Message());

secondChance();

}

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

}

public static void secondChance() {
Scanner keyb = new Scanner (System i n);

Systemout.printin("Try again:");
Systemout.println("Enter nunerator:");

i nt nunmerator = keyb.nextlnt();
Systemout.println("Enter denoninator:");
i nt denom nator = keyb.nextlnt();

if (denom nator == 0) {
Systemout.println("l cannot divide by 0");
System out. println("AQoorting program");
System exit(0);

}




doubl e quoti ent
= ((doubl e) nunerator)/denomn nator;
System out. println(numerator + "/" + denom nator
+ "=" + quotient);

Excepti on Object Characteristics

» The two most important things about an
exception object are its type (the exception
class or a subclass) and a message that it

carriesin an instance variable (that isusually a
String).
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Defining an Except i on Subclass

* If you have no compelling reason to use any other
class asthe base class, use Except i on asabase

class.

Y ou should define two (or more) constructors (more
on this below).

Y our exception class inherits the method
get Message() . Normally you do not need to add

any other method, but it’ slegal to do so.

Defining an Except i on Subclass
(continued)

Y ou should start each constructor definition with a call to the
constructor of the base class, such as the following:
super (" Sanmpl e Exception thrown.");

Y ou should include a nor-argument constructor, in which case,
the call to super should have a string argument that indicates
what kind of exception it is. This string can then be recovered
by using the get Message() method.

Y ou should also include a constructor that takes a single string
argument. In this case, the string should be an argument in a
cal tosuper. That way, the string can be recovered with a
call toget Message() .
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Sanpl eException.java

public class Sanpl eExcepti on extends Exception {
publ i ¢ Sanpl eException() {
super (" Sanmpl e exception thrown!");

}

publ i ¢ Sanpl eException(String nessage) {
super (nessage) ;
}
}

Exception’s Message and Type

» The data type of the message being passed by
the Exception does not have to be a String.

« Under some circumstances, there may be very
good reason to let it be a string.
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BadNunber Excepti on. j ava

public class BadNunmber Excepti on extends Exception {

private int badNunber;

/1 BadNunber Exception() - This constructor sets
/1 t he nunber
publ i ¢ BadNunber Exception(int nunber) {

super (" BadNunber Excepti on");

badNunber = number;

}

/1 BadNunber Exception() - A default constructor
publ i ¢ BadNunber Exception() {
super (" BadNunber Excepti on");

}

/1 BadNunber Exception() - This constructor sets

/1 t he nessage

publ i ¢ BadNunber Exception(String nessage) {
super (nmessage) ;

}

/1 getBadNunber () - An accessor for the bad nunber
public int getBadNunmber () {
return badNumber;
}
}
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BadNunber Excepti onDenp. j ava

i nport java.util.Scanner;

public class BadNumber Excepti onDemo {
public static void main(String[] args) {

try {
Scanner keyb = new Scanner (System i n);

Systemout. println
("Enter one of the number 42 and 24:");
i nt inputNurmber = keyb.nextlnt();

if ((inputNurmber != 42)
&& (i nputNunber != 24))
t hr ow new BadNumber Excepti on(i nput Nurber) ;

System out. println
("Thank you for entering " + inputNunber);
}

catch (BadNunber Exception e) {
System out . printl n(e. get BadNunber ()
+ " is not what | asked for.");
}
System out. println("End of program");
}
}




Working With Multiple Exceptions

* |tispossibleto handle the possibilities of more
than one exception.

» Thetry block throws the exceptions that it
needs to throw.

* Thenitisamatter of having multiple catch
blocks, one per exception type.

Mor eCat chBl ocksDeno. j ava

i nport java.util.Scanner;

public class MreCatchBl ocksDenp {
public static void main(String[] args) {
Scanner keyb = new Scanner (System i n);

try {
Systemout.println

("How many pencils do you have?");
int pencils = keyb.nextlInt();

if (pencils < 0)
t hr ow new
Negat i veNunber Excepti on("pencil s");

Systemout.println
("How many eraser do you have");

int erasers = keyb.nextlnt();
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doubl e penci | sPer Eraser

if (erasers < 0)

t hrow new
Negat i veNumnber Excepti on("erasers");
else if (erasers != 0)
penci | sPer Eraser = pencil s/ (doubl e) erasers;
el se

t hrow new Di vi si onByZer oExcepti on();

System out. println
("Each erase nust last through "
+ pencil sPerEraser + " pencils.");

catch (Negati veNumber Exception e) {
Systemout.println
("Cannot have a negative nunber of *
+ e.get Message());
}
catch (DivisionByZeroException e) {

Systemout.println("Do not make any
m st akes.");

}

Systemout.println("End of program");
}
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Negat i veNunber Excepti on. j ava

public class NegativeNunber Exception
ext ends Exception {
/1 BadNunber Exception() - A default constructor
publ i c Negati veNunber Exception() {
super (" Negati veNunber Excepti on");

}

/1 NegativeNunber Exception() - This constructor
/1 sets the nmessage
public Negati veNunber Exception(String nessage) {
super (nmessage) ;
}
}

Throwing Exceptions in a Method

» Sometimes it may make sense to throw an exception
in a method, even though you have no desire to catch
it.

* In cases, like these, you can declare the exception in
the method header:
public void sanpl eMethod() throws Sanpl eException {
* |If there is more than one exception to be thrown, they
are listed in the header, separated by commas:

public void sanpl eMet hod()
t hrows Sanpl eException, O her Sanpl eException {
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Di vi si onDenp2. j ava
i mport java.util.Scanner;

public class DivisionDenn2 ({
public static void main(String[] args) {
Scanner keyb = new Scanner (System i n);

try {
Systemout. println("Enter numerator:");

int nunmerator = keyb.nextlnt();
Systemout.println("Enter denoninator:");
i nt denom nator = keyb.nextlnt();

doubl e quoti ent
= saf eDi vi de( nuner at or, denoninator);
Systemout.println
(nunerator + "/" + denoni nator
+ "=" + quotient);

catch(Di vi si onByZer oException e) {
System out. println(e.get Message());
secondChance();

}

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

}

public static double safeDivide
(int top, int bottom
throws Divi si onByZer oException {
if (bottom == 0)
t hrow new Di vi si onByZer oException();
return top/ (doubl e)bottom

}
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public static void secondChance() {
Scanner keyb = new Scanner (System i n);

try {
Systemout.println("Enter nunerator:");

int nunerator = keyb.nextlnt();
Systemout.println("Enter denoninator:");
i nt denom nator = keyb.nextlnt();

doubl e quotient = safebDivide
(nunerator, denom nator);
System out. println(numerator + "/"
+ denom nator + "=" + quotient);

catch (DivisionByZeroException e) {
Systemout.println
("1 cannot do division by zero.");
System out. println("Aborting program");
System exit(0);
}
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