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Chapter 10

Exceptions

Error Handling in C++

o )

/ Some Error Handling Styles \

There are several different ways a function may react when
encountering an unexpected/erroneous situation:

* Return an impossible value:
Set SetCreate(/* args */); // ok return NULL on error
int atoi(const char *); // Whatto return for “bad-str” ?

* Return a special type:

Result sqgrt(double arg, double *res); // Nocomposition ®
* The user reports an interest:

double sqgrt (double, Result *r); // r maybe NULL
* Provide a global mechanism:

E.g, errno inC (should we have a single one? Many of them?)

* Let an object hold the status:
E.g, cin inC++

o )

Copyright 1995 - 2003
Jor  pessonal
C. Gotsman & Y.M. Kimchi e o we only

Computer Science Dept. Technion v Page 1




234122 n”mn C++ : Exceptions

/ Some Error Handling Styles (cont) \

One common drawback with all

Error handling is local
The last two items need explanations

* The global mechanism loses information
if not inquired immediately

» The status within an object can be retrieved
just as long as this object is “alive”

\— It works for cin because it is a global object )

~

/ The Challenge in Handling Errors

* In every descent software there are cases where
the function that encountered an unexpected
situation has no clue about an appropriate
reaction, nor does that function that called it.

* This is the case for practically all library functions.

The consequence is that an error-value should
propagate through a series of function-calls,
where each call should be wrapped with error-handling

code (e.g, RoadMap () => GraphCreate ()
=> SetCreate() => malloc() )
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The Challenge in Handling Errors (cont)

* There are circumstances in C++ where none of the
aforementioned error reporting styles can work:

— In constructors (no return value and result argument is futile)
— In overloaded operators
» How to report an error at
Rational r = (a + b)*(c + d/e);
* Note that error handling includes resource release
before leaving a scope
— No memory deallocation in C
— No closing files in Java
— C++ provides practically anything via destructors

o )

@rror Handling is a Two-Stage Operation\\

* The implementation (supplier code) knows how to
detect an error.

* The application (user code) knows how to properly
handle an error.

Application [Implementation ]
vecterddnEies Selve () inF string2§5mber(const string& s)
: . - { if (s == ) /7.

{ Polynomial<int> p; . .

cin >> p; int result(0), 1i(0);
\ ! if (is sign(s[i])) {++i;/*..*/}
\\return p.solve(); } =
3\ P i if (s[i] == ‘.") // .

\ ?f (lisdigit(s[i])// .

\ return result;

_\ }

/;perator>>() for p

_ g _
calls string2number () The functions between them are
wlrectly. better be ignorant to possible error:
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/ The Throw-Catch Game X

* Error handling is a path parallel to the return path

« When a throw is activated
stack unwinding occurs and
destructors are activated

* If, during a throw,
a destructor throws

~»
additional exception throw

std: :terminate()
is called — we cannot

\ handle two exceptions )

/ The Throw-Catch Game (first try) X

* The implementation (supplier code) knows how to
detect an error and throws appropriate exceptions.

* The application (user code) knows how to properly
handle an error by catching those it can.

{Application Implementation
int main() int string2number (const stringé& s)
{ try { { if (/**/) throw string(“empty”);

vector<int> int result (0), 1i(0);
v = Solve(); if (is_sign(s[i])) {++i;/*..*/}
cout << v << endl; if (/**/) throw string(“dot”);
} if (/**/) throw string(“bad ch”);
catch (const strings s) // .
{ 1f (s == “empty”).. return result;
if (s == “dot”) .. }
if (s == “bad ch”).
} * Middle functions intervention is eliminated
} * Handling different errors is still cohesive

N
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{Application }

The Throw-Catch Game (second try) K

[ Preparation

using namespace
string err;
int main()
try {
vector<int>
v = Solve();
cout << v << endl;
return O;
}
catch (const emptyé& e) |
// Do something
}catch (const doté& d) {
// Do something else
}catch (const bad ché& b) {
// Do other stuff
}

namespace string err {
class empty {};

{7
class bad ch {};

class dot

[ Implementation

int string2number (const stringé& s)
{ using namespace string err;
if (/**/) throw empty();
int result (0), 1i(0);
if (is sign(s[i])) {++i;/*..*/}
if (/**/) throw dot();
if (/**/) throw bad ch();

//

what did we gain?

return result;

>

-~

{Application }

The Throw-Catch Game (second try cont.)\x

[ Preparation

[ I

Once catches are not cohesive |

namespace string err {
class empty {};

Alaca Aot L.

they can be moved around

// Do other stuff
}

return result;

. | vector<double> Solve ()
using namespace { Polynomial<int> p;
string err; try | .
t:; Tam() cin >> p; mentation
. } catch(const emptyé& e) { ings
vector<int> return vector<double> () ; rl?g s)
v = Solve(); } rr;
cout << v << endl; X
return p.solve();
return 0;
) } /% .5/
catch(const dot& d) { if (/**/) throw dot();
// Do something else if (/**/) throw bad ch();
}catch (const bad ch& b) { //

N

>
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/ The Throw-Catch Game (third try) X

LAppIication ] [Preparatlon

A base class catch will be | class str err {};

activated for any derived one | |class empty : public str_err {};
lﬁt'maiu\;‘”””““M“””““WIW’ class dot : public str err {};
=Y {t P vect| class bad ch: public str err {};

vector<in — =

v = Solve(); { iz‘// namespaces are still useful V
coit <<OK./' << endl; ciinl >> b |mentation
} return Ui } catch(const emptys& e) { reE @)
< le>();

eaeta (Gt dorse @) 1 } return vector<double> ()

// Do something else X

}catch (const bad ch& b ) SRR oSl () 7

// Do other stuff %0 o* )}
}catch (const str errés) { if (/**/) throw dot ();

// A general response if (/**/) throw bad ch();

}eatch (...){ // ...

// Ultimate generality return result;

} } _
\

/ The Throw-Catch Game (final version) X

LAppIication ) : [Preparatlon ]
A good practice is to publicly | | class str_err: public
derive every exception from —- std::exception {};

int main (O I . class empty B publlc Strierr { } ;
try { . vect| class dot : public str err {};
vector<int> { Po ]
v = Solve(); tr‘class bad ch: public str err {};
]C:ZEErfOY SS Emel cin >> p; 'mentation
: ; }lg:tchigogsthiﬁ$§y&le) { rings s)
rr W g
EEEElh (Eomie th& di return vector<double> () ;
// Do something else )
}catch (const bad ché& b return p.solve () :
// Do other stuff ) : ! %o o®)}
}catch (const str erré&s

// A general response | if (/**/) throw bad ch();
}catch (exception& e) { //
// Ultimate generality

return result;
} = )
\
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/ Error Handling at Constructors \
* A constructor may throw an exception during initialization

String::String(char const *t)

try: len(len eval(t)), s(strcpy(new char[len+l],t) ({}
catch (NullPtr& e) {
/*. . .*/ throw;

}
catch(std::bad alloc& e) {

cerr << e.what; throw;

}

* A destructor should not throw an exception although it can

o )

/ Exception Specification \

+ A function may provide information about exceptions
that it may throw (directly or indirectly)
int f() throw(int,bad alloc); // May throw any

// of them or derived thereof

double g () throw(); // Will throw none
void h{(); // May throw anything

* These specifications are checked at runtime

« If a specification is broken,

the function unexpected () is called

By default, unexpected() calls terminate ()

* During such a process bad_exception may be thrown

* A destructor should not throw while an exception is active
- ifitdoes, std::terminate() is called )
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