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Program Design and Software Tools

Exception Handling

Lecture 11
April 7, 2005
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Introduction
» Exceptions
— Indicates problem occurred in program
— Not common

« An"exception" to aprogram that usually works
» Exception Handling
— Resolve exceptions

— Program may be able to continue
e Controlled termination

— Write fault-tolerant programs
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Exception-Handling Overview

» Consider pseudocode
Perform a task

If the preceding task did not execute correctly
Performerror processing

Perform next task

If the preceding task did not execute correctly
Performerror processing

» Mixing logic and error handling
— Can make program difficult to read/debug

— Exception handling removes error correction from "main
line" of program

O 2003 Prentice Hall, Inc. All rights reserved.

Exception-Handling Overview

» Exception handling
— For synchronous errors (divide by zero, null pointer)
 Cannot handle asynchronous errors (independent of program)
 Disk I1/0, mouse, keyboard, network messages
— Easy to handle errors

* Terminology
— Function that has error throws an exception
— Exception handler (if it exists) can deal with problem
* Catches and handles exception

— If no exception handler, uncaught exception
» Could terminate program
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Exception-Handling Overview

e C++code

try {
code that may rai se exception

}
catch (exceptionType){
code to handl e exception

}
— t ry block encloses code that may raise exception

— Oneor more cat ch blocks follow
 Catch and handle exception, if appropriate
» Take parameter; if named, can access exception object
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Exception-Handling Overview

* Throw point
— Locdtionint ry block where exception occurred

— If exception handled
» Program skips remainder of t r y block
* Resumes after cat ch blocks

— If not handled

* Function terminates
» Looksfor enclosingcat ch block (stack unwinding)

* |f no exception
— Program skips cat ch blocks
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Other Error-Handling Techniques

Ignore exception

— Typical for persona (not commercial) software

— Program may fall

Abort program

— Usudly appropriate

— Not appropriate for mission-critical software

Set error indicators

— Unfortunately, may not test for these when necessary

Test for error condition
— Cdl exit (<cst dl i b>) and pass error code
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Other Error-Handling Techniques

e setjunpandl ongj unp
— <csetj nmp>
— Jump from deeply nested function to call error handler
— Can be dangerous

» Dedicated error handling

— new can have a specia handler
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Simple Exception-Handling Example: Divide by ©

Zero

* Keywordt hr ow
— Throws an exception
» Usewhen error occurs
— Can throw amost anything (exception object, integer, eic.)
e throw myQbj ect ;
e throw 5;
» Exception objects
— Baseclassruntime_error (<stdexcept>)
— Congtructor can take a string (to describe exception)
— Member function what () returnsthat string
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Simple Exception-Handling Example: Divide by &

Zero

» Upcoming example
— Handle divide-by-zero errors

— Define new exception class
» Di vi deByZer oExcepti on

e Inheritfromrunti me_error
— Indivision function

 Test denominator

* If zero, throw exception (t hr ow obj ect)
— Intry block

» Attempt to divide
» Have enclosingcat ch block

— Catch Di vi deByZer oExcept i on objects
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1 // Fig. 13.1: figl3_01.cpp m Outline u
2 /] A sinple exception-handling exanple that checks for -
3 // divide-by-zero exceptions.
4  #include <iostreanr fing_Ol.Cpp
> (1of 3)
6 using std::cout;
7 using std::cin
8 using std::endl ;
9 Define new exception class
10 #incl ude <exception> (inherit fromruntime_error
u ). Pass a descriptive message
12 using std::exception; to the constructor.
13
14 // DivideByZer oException objects/shoul d be thrown by functions
15 // upon detecting division-by- exceptions
16 cl ass Divi deByZer oExcepti on pubfic runtinme_error {
17
18 public:
19
20 /'l constructor specifies default error nessage
21 Di vi deByZer oExcepti on: : Di vi deByZer oExcepti on()
22 exception( "attenpted to divide by zero" ) {}
23
24 }; I/ end class DivideByZeroException
25
O 2003 Prentice Hall, Inc.
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R . : : : m 12
26 // performdivision and throw Divi deByZer oExcepti on object if Outline
27 [/ divide-by-zero exception occurs -
28 doubl e quotient( int numerator, int denom nator )
20 o o , o fig13 Ol.cpp
30 /1 throw DivideByZeroException if trying to divide by zero (20f3)
31 if ( denominator == 0 )
32 throw Di vi deByZer oException(); // terminate function
33
34 /1 return division\esult
35 return static_cast <\double >( nunerator ) / denoni nator;
36
37 } I/ end function quotie
zg int main() If thedenominator iszero, t _hr ow
0 { aI_J vi deByZer oExcepti on
41 int nunberil; /'l user- ObJeCt'
42 int nunber2; /'l user-specified denoni nator
43 doubl e result; // result of division
44
45 cout << "Enter two integers (end-of-file to end):
46
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/1l enable user to enter two integers to divide
while ( cin >> nunberl >> nunber2 ) {

/1 try block contains code that m ght throw exception
/1 and code that should not execute if an exception occurs
try {

result = quotient( nunberl, nunber2 );

cout << "The quotient is: " << result << endl;

} /1 end try

/'l exception handl er handl es a divide-by-zero exception
catch ( Divi deByZer oExcepti on &divi deByZer oException ) {
cout << "Exception occurred: "
<< di vi deByZer oExcepti on. what () << endl;

} // end catch =
Noticethestructureof thet ry

cout << "\nEnter two integ and cat ch blocks. The cat ch

block can catch
} /] end while Di vi deByZer oExcepti on
objects, and print an error
coutiis<tendlf message. |f no exception occurs,

thecat ch block is skipped.

return 0; // terminate nornal

/1 end main Member function what returns
the string describing the

exception.

B oue ©
Outline

figl3_Ol.cpp
(30f3)
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Enter two integers (end-of-file to end): 100 7
The quotient is: 14.2857

Enter two integers (end-of-file to end): 100 O
Exception occurred: attenpted to divide by zero

Enter two integers (end-of-file to end): ~Z

14

m Outline

figl3 01.cpp
output (1 of 1)
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Rethrowing an Exception

» Rethrowing exceptions

— Use when exception handler cannot process exception

» Can still rethrow if handler did some processing

— Can rethrow exception to another handler
» Goesto next enclosingt r y block

» Corresponding cat ch blockstry to handle
* To rethrow

— Use statement "t hr ow; "
* No arguments
* Terminates function
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/1 Fig. 13.2: figl3_02.cpp
/'l Denonstrating exception rethrow ng.
#i ncl ude <iostrean»

using std::cout ;
using std::endl ;

#i ncl ude <exception>

Exception handler generatesa
using std::exception; default exoeption (basecla&
except i on). Itimmediately
catches and rethrows it (note
use of t hr ow; ).

/1l throw, catch and rethrow exc
voi d throwException()

{
/1 throw exception and £at€h it imediately
try {
cout << " Func hrowException throws an exception\n";
throw exception();/ // generate exception
} /] end try

/1 handl e exceptfon
catch ( exceptifon &aught Exception ) {
cout << " /Exception handled in function throwException"
<< "X'n Function throwException rethrows exception”;

throw; “ // rethrow exception for further processing

} /1 end catch

B e "
Outline

figl3_02.cpp
(1of2)
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31 cout << "This also ghould not print\n";

32

33 } // end function throwExegption fing 02.Cpp
2 >\

3 int main() This should never be reached, (20f2)

3% { sincethe t hr owimmediately

37 /1 throw exception exitsthefunction.

38 try {

39 cout << "\nmain invokes function throwException\n";

40 t hr owException();
11; cout << "This show t hr owExcept i on

rethrows an exception to

o et mai n. Itis caught and
45 /1 handl e exception handled.

46 catch ( exception &caught Exception ) {

47 cout << "\n\nException handled in nainn";

48

49 } /1 end catch

50

51 cout << "Programcontrol continues after catch in main\n";
52

53 return O;

54

55 } // end main

O 2003 PrenticeHall, Inc.
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mai n i nvokes function throwException m Outline 18
Function throwException throws an exception -

Exception handl ed in function throwException

Function throwException rethrows exception fing 02 cpp
it (1of 1

Exception handled in nain OUtpUt( o )

Program control continues after catch in main
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Exception Specifications

» List of exceptions function can throw

— Also caled throw list
int soneFunction( doubl e val ue )

throw ( ExceptionA, ExceptionB, ExceptionC )

{
/1 function body

}
— Can only throw Except i onA, Excepti onB, and
Except i onC (and derived classes)
« If throws other type, functionunexpect ed caled
» By default, terminates program (more 13.7)
— If no throw list, can throw any exception
— If empty throw list, cannot throw any exceptions

O 2003 Prentice Hall, Inc. All rights reserved.

Processing Unexpected Exceptions

* Function unexpect ed
— Cdlsfunction registered with set _unexpect ed
» <exception>
» Callst er m nat e by default
— set_termnate
» Setswhat functiont er m nat e cdls
» By default, callsabor t
— If redefined, still callsabor t after new function finishes

» Argumentsfor set functions

— Pass pointer to function
 Function must take no arguments
* Returnsvoi d

O 2003 Prentice Hall, Inc. All rights reserved.
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Stack Unwinding

* If exception thrown but not caught
— Goestoenclosing t ry block

— Terminates current function
» Unwinds function call stack

— Looksfort ry/cat ch that can handle exception
« If nonefound, unwinds again

* If exception never caught
— Cdlsterm nate

O 2003 Prentice Hall, Inc. All rights reserved.
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/1 Fig. 13.3: figl3_03.cpp m H
// Denpbnstrating stack unw nding. OL“HG
#i ncl ude <iostrean»
) o . figl3_03.cpp
using std::cout; (Lof 2)

using std::endl ;

#i ncl ude <stdexcept>

Note the use of the throw list.

using std::runtine_error; .
Throwsaruntime error

// function3 throws run-time or exception, defined in
voi d function3() throw ( runtine_error ) <st dexcept >.
{

throw runtime_error( “runtime_error in function3" ); // fourth
}
// function2 invokes function3
void function2() throw ( runtime_error )
{

function3(); // third
}

O 2003 PrenticeHall, Inc.
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/1 functionl invokes function2 m Outline 23

void functionl() throw ( runtinme_error )
{
function2(); // second figl3_03.cpp
} (20f2)
/'l denopnstrate stack unw ndi ng
int main 2
( v functionlcalls
/'l invoke functionl funct I OnZWhIChca”S_
try { funct i on3. The exception
functionl(); // first occurs, and unwinds until an
appropriatet r y/cat ch
} /1 end try block can be found.
/1 handle run-time error
catch ( runtine_error &error ) // fifth
{
cout << "Exception occurred: " << error.what() << endl;
} /1 end catch
return O;
} // end main

Exception occurred: runtine_error in function3

O 2003 PrenticeHall, Inc.
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Constructors, Destructors and Exception
Handling

» Error in constructor
— newfails; cannot allocate memory

— Cannot return a value - how to inform user?
» Hope user examines object, notices errors
* Set some global variable

— Good aternative: throw an exception

« Destructors automatically called for member objects
 Called for automatic variablesint r y block

» Can catch exceptions in destructor

O 2003 Prentice Hall, Inc. All rights reserved.
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Exceptions and Inheritance

» Exception classes

— Can be derived from base classes
e l.e,runtine_error; exception

— If cat ch can handle base class, can handle derived classes
* Polymorphic programming

O 2003 Prentice Hall, Inc. All rights reserved.

Processing new Failures

* When newfails to get memory

— Shouldt hr owbad_al | oc exception
* Defined in<new>

— Some compilers have new return O

— Result depends on compiler

O 2003 Prentice Hall, Inc. All rights reserved.
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1 // Fig. 13.4: figl3_04.cpp m Outline 2
2 |/ Denpbnstrating pre-standard new returning O when nenory -
3 // is not allocated.
4  #include <iostreanr fing_04.Cpp
> (1of2)
6 using std::cout;
7
8 int main()
9 {
10 doubl e *ptr[ 50 ];
11
12 /1 allocate menory for ptr
13 for (int i =0; i <50 i++) { -
14 ptr[ i ] = new doubl e[ 5000000 Demonstrating newthat
15 returns O on alocation
16 /1 newreturns 0 on fajdre to allof failure.
17 if (ptr[ i ] ==0)7{
18 cout << "Menory allocation failed for ptr[
19 << i << " ]\n";
20
21 br eak;
22
23 } [/ end if
24
O 2003 Prentice Hall, Inc.
All rights reserved.
25 /'l successful nenory allocation m H 28
Outline
26 el se
27 cout << "Allocated 5000000 doubles in ptr[ "
gg <i << " ]\n"; figl3_04.cpp
30 } I/ end for (ZOf 2)
31 .
2 return 0; figl3_04.cpp
33 output (1 of 1)
34 } // end main

Al |l ocat ed 5000000 doubles in ptr[
Al |l ocat ed 5000000 doubles in ptr[
Al |l ocat ed 5000000 doubles in ptr[
Al | ocat ed 5000000 doubles in ptr]
Menory al location failed for ptr[

AW NPR O

O 2003 Prentice Hall, Inc.
All rights reserved.

14



1 // Fig. 13.5: figl3_05.cpp m Outline 29
2 |/ Denpnstrating standard new throw ng bad_al |l oc when nenory -
3 // cannot be allocated.
4  #include <iostreanr fing_OS.Cpp
> (1of2)
6 using std::cout;
7 using std::endl ;
8
9 #include <new> // standard operator new
10
11 wusing std::bad_all oc;
12
13 int main()
14 {
15 doubl e *ptr[ 50 [; Demonstrating newthat
16 throws an exception.
17 /]l atte to all ocate nenory
18 try {
19
20 /1 allocate menory for ptr[ i ]; new throws bad_all oc
21 /1 on failure
22 for (int i =0; < 50; i++ ) {
23 ptr[ i ] = new doubl e[ 5000000 ];
24 cout << "All ocated 5000000 doubles in ptr[ "
25 << i << " ]\n";
26 }
27
28 } I/ end try
O 2003 Prentice Hall, Inc.
All rights reserved.
o= m . 30
30 /1 handl e bad_al |l oc exception OL“HG
31 catch ( bad_all oc &renoryAl | ocati onException ) {
32 cout << "Exception occurred: fing 05.Cpp
33 << menoryAl | ocati onException. what() << endl; (2 of E)
34
35 } // end catch X
% figl3_05.cpp
37 return 0; output (1 of 1)
38
39 } // end main

Al | ocat ed 5000000 doubl es
Al | ocat ed 5000000 doubl es
Al | ocat ed 5000000 doubl es
Al | ocat ed 5000000 doubl es

Excepti on

inptr[ 0]
inptr[ 1]
inptr[ 2]
inptr[ 3]
occurred: Allocation Failur

O 2003 Prentice Hall, Inc.
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Processing new Failures

 set _new handl er
— Header <new>
Register function to call when new fails
Takes function pointer to function that
» Takesno arguments
* Returnsvoi d

Once registered, function called instead of throwing
exception

O 2003 Prentice Hall, Inc. All rights reserved.
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/1 Fig. 13.6: figl3_06.cpp m H
/| Denonstrating set_new_handl er. OL“HG

#i ncl ude <iostrean»

i td t figl3_06.cpp
using std::cout;
using std::cerr; (1of 2)

#i ncl ude <new> /|l standard operator new and set_new_handl er

using std::set_new handl er;
The custom handler must take

#i ncl ude <cstdlib> abort | MO argumentsand return

voi d.

voi d cust onNewHand! er ()
{

cerr << "customNewHandl er was cal |l ed";

abort();
}
/'l using set_new handler to handle failed nenory allocation
int main()
{

doubl e *ptr[ 50 ];

O 2003 Prentice Hall, Inc.
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25 /'l specify that custonmNewHandl er should be called on failed m Outline 33
26 /1 menory allocation
27 set _new_handl er ( custonNewHandl er ); m
28 _ ) figl3_06.cpp
29 /1 allocate menory flor ptr[ i ]; custonmNewHandler will be (20f2)
30 /'l called on failed nmory al |l ocation
31 for (int i =0; i < i+ ) { .
2 ptrl i ] = new doubl[ 5000000 |: figl3_06.cpp
33 output (1 of 1)
34 cout << "Allocated 5000000 doubles in ptr[ "
35 <<i << " ]\n";
36 Note call to
37 } /1 end for set _new_handl er .
38
39 return O;
40
41 } // end main
Al |l ocat ed 5000000 doubles in ptr[ 0 ]
Al'l ocat ed 5000000 doubles in ptr[ 1]
Al |l ocat ed 5000000 doubles in ptr[ 2 ]
Al'l ocat ed 5000000 doubles in ptr[ 3]
cust omNewHandl er was cal | ed

O 2003 Prentice Hall, Inc.
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Class auto_ptr and Dynamic Memory Allocation

» Declare pointer, allocate memory with new
— What if exception occurs before you can del et e it?

— Memory leak
 Templateclassauto_ptr

— Header <nenory>
Like regular pointers (has* and - >)

— When pointer goes out of scope, calsdel et e

Prevents memory leaks
— Usage

auto_ptr< Myd ass > newPointer( new Myd ass() );
» newPoi nt er pointsto dynamically allocated object

O 2003 Prentice Hall, Inc. All rights reserved.
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1 // Fig. 13.7: figl3_07.cpp m Outline 35
2 |/ Denonstrating auto_ptr. -
3 #include <iostreanr
g using std::cout; fing_07.Cpp
6 using std::endl; (l of 3)
7
8 #include <menory>
9
10 using std::auto_ptr; // auto_ptr class definition
11
12 class Integer {
13
14 public:
15
16 /1 1 nteger constructor
17 Integer( int i =0)
18 value( i )
19 {
20 cout << "Constructor for Integer " << value << endl ;
21
22 } /1 end Integer constructor
23
O 2003 Prentice Hall, Inc.
All rights reserved.
24 /'l I nteger destructor m Outline 36
25 ~I nt eger () -
26
27 cout << "Destructor for Integer " << value << endl; fi913_07.cpp
% (20f3)
29 } /1 end Integer destructor
30
31 /1 function to set |nteger
32 void setlnteger( int i)
33 {
34 value = i;
35
36 } // end function setlnteger
37
38 /'l function to return |nteger
39 int getlnteger() const
40 {
41 return val ue;
42
43 } /1 end function getlnteger
24
45 private:
46 int val ue;
47
48 }; // end class Integer
49

O 2003 Prentice Hall, Inc.
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// use auto_ptr to manipul ate | nteger object
int main()

{

m ] 37
Outline

cout << "Creating an auto_ptr object that
<< "Integer\n";

/1 "aint' auto_ptr at Inte obj ect

Createan aut o_ptr. It can |[figl3_07.cpp
be manipulated like aregular |(3 of 3)
pointer.

auto_ptr< Integer > ptrTolnteger( new Integer( 7 ) );

cout << "\nUsing the auto_ptr to manipulate the Integer\n";

// use auto_ptr to set Integer val ue
ptrTol nt eger - >set I nteger ( 99 );

// use auto_ptr to get |nteger val ue
cout << "Integer after setlnteger: "
<< ( *ptrTol nteger ).getlnteger ()
<< "\'m\nTermi nating prograni << endl;

return O;

/1 end main

del et e not explicitly called,
but theaut o_pt r will be
destroyed once it leaves
scope. Thus, the destructor
for class| nt eger will be
called.

O 2003 PrenticeHall, Inc.
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Creating an auto_ptr object that points to an Integer

Constructor for Integer 7

Using the auto_ptr to nanipul ate the I|nteger
Integer after setlnteger: 99

Termi nating program
Destructor for Integer 99

B e
Outline

figl3 07.cpp
output (1 of 1)

O 2003 Prentice Hall, Inc.
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Standard Library Exception Hierarchy

» Exception hierarchy
— Baseclassexcepti on (<excepti on>)
 Virtua functionwhat , overridden to provide error messages

— Sample derived classes
e runtine_error,logic_error
» bad_al | oc,bad_cast,bad_t ypei d
— Thrown by new, dynam c_cast andt ypei d

* To catch al exceptions
—catch(...)
— catch( exception AnyException)
» Will not catch user-defined exceptions

O 2003 Prentice Hall, Inc. All rights reserved.
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