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Prevent, Detect, and Handle
Problems
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Avolid Assertion

e assert (something must be true);
— Your program crashes when it is not true.

— Do not use assert. Instead, you should handle the
situation when it is false.

— Some people encourage using assertions but these
people are wrong. Don't listen to them.

» always check the return value of function calls
— memory allocation
— open a file
— send data through network

YHL Exception in C++



Handle Problems

» A typical approach is to check before proceeding:
retval = func(parameters);
If (retval < 0) {

}

» However, sometimes the immediate caller does not
know how to handle the problem. This is especially
common for reused code.

YHL Exception in C++



try to open a file
that does not exist

YHL

h 4

D

|

Call Stack

e Acalls B: B calls C: C calls D.
 Should D create the file?
e Can D make that decision?

« Maybe, A intends to ask the user to
give a different file name.

 Maybe, B wants to simply skip the
file.

= need a way to inform a caller that is
several "frames" away

Exception in C++ 5



Concepts of Exception Handling

try { A, B, or C can throw an
exception and it will be caught
A b
y
B try { ... } catch
C  If an exception is not caught,
v the program terminates (like
} catch (Exception) { “crash”).

handle exception;

YHL Exception in C++



throw-catch

 When an unexpected situation occurs and the current
function cannot handle it, it throws an exception.

 The exception is sent to the immediate caller. If it does
not catch this exception, the exception is thrown to the
next caller in the call stack.

« If an exception is not caught anywhere in the call stack,
the program terminates.

* In C++, a function may be called even if the caller does
not catch the exception that may be thrown by the callee.

YHL Exception in C++



Catching an Exception

* An exception is caught by the closest

Ak caller in the stack.
« If both A and B catch the same
Bk exception and D throws and exception,

B will catch it.
. e The handling code can throw the

C exception again to its call stack; the
code can also throw a different
D exception.

* An exception may pass parameters
through the call stack.

YHL Exception in C++



& CIC++ - ExceptionCppfTryCatch.cc - Eclipse SDK
File Edit Refactor Mawigate Search Run  Project  Window Help

[ Trycatch.cc &2 = 8| Bl consale 2 = B8
fiTryCatch. oo <kerminated > CompareDbject. exe (3) [C/C++ Local Af
X% & E

#include <iostream> B e
#include <cscdlibs> = E-rg-

using namespace =td; function £ invoked with 3 = 0
function £ invoked with j = 1

void £ int ) function £ invoked with j = 2
function £ invoked with 1 = 3

class Err {}: caught Err

int main{)

*‘ main — f(0

oy ain (

£{0):
' catch({ Err | { f(O) % f(l)
cout << "ocaught Err™ << endl;

exit (0] ; f(l) 9 f(2)
f(2) > 1(3)
} f(3) throw an exception

void £(int 3] { h m I
cout << "function £ invoked with j = " << j << endl; Caug t at aln
if (j == 3) throw Err():
£ ++3 1:

| >

¥ .

: Wirikable Srnart Insert 281 © CJC++ Indexer
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Exception with Primitive Type (int)



& CIC++ - ExceptionCpp/ExceptionUsagel.cc - Eclipse SDK

File Edit Refactor Mawigate Search Run  Project  Window Help

[ Exceptionlsagel.cc &2 = 8| Bl consale 2 = B8

//ExceptionUsagel.cc (modified) <kerminated > CompareDbject. exe (3) [C/C++ Loca

#include <iostresm:| X% Sl E&E

using namespace std;

# By
volid £1() | caught it 29
throw 29: j =0
b 3 =1
vyoid giint 7J) { j ==z
cout << "3 = " << ] << endl; =3
if (j == 3] { caught it 17
throw 17;
h
gl ++30:
h
int maini()
try |
£z
} catch( int i) ¢
cout << "caught it " << 1 << endl;
h
try |
g(a);
¥ catch| int i) {
cout << "ocaught 1t " << 1 << endl;
}
return 0O;
¥
nks Wirikable Srnart Insert 220 © CJC++ Indexer
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Exception with Objects and
Declarations
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& CIC++ - ExceptionCpp/ExceptionUsage4.cc - Eclipse SDK

File Edit Refactor Mawigate Search Run  Project  Window Help
[ Exceptionlsaged.cc 52
ffExceptionUsaged . oo (modified) ~

#include <iostreatms>
#include <s=tring:
using namespace =td;
class MyException |
String me message:
public:
HMyException(string mad)
me message (msg) o |
}
volid printi() 1
cout << me _message << endl:

Y
class Err {
int = _wvalue;
public:
Erri(int i)
e wvalue (i) |
h
volid print() {
cout << & value << endl:

b
volid £(int Jj) throw(MyException, Err 1 1
if (3 == 1) {
throw MvException("hella™);

1 Writable Smart Insert 28:5

= 8| Bl consale 2

=8
<kerminated > CompareDbject. exe (3) [C/C++ Loca

X % Expf & &

B9
caught MyException
hello

caught Err
65

C/C++ Indexer
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& CIC++ - ExceptionCpp/ExceptionUsage4.cc - Eclipse SDK
File Edit Refactor Mawigate Search Run  Project  Window Help

[ Exceptionlsaged.cc 52 = 8| Bl consale 2 = B8
” <kerminated > CompareDbject. exe (3) [C/C++ Loca

if (J == &) {
throw Err(65): 4 3& LHEE@@
} = B -
caught MyException
int main() { hello
try |
£t 1:
' catch (MyException meokbi)] | caught Err
cout << "caught MyException® << endl: 65
meokhi.print ()
} catch(Err echj) |
cout << "ocaught Err®™ << endl;
eabj.printi);
}
cout << endl << endl;
try |
i 2 ):
} catoh(MyException meokhi)l
cout << "ocaught MNyException®™ << endl;
meobhj.print ()
} catchi(Err eok]) |
cout << "caught Err™ << endl:
eabj.printi):
¥
return 0O;
h
=
I I
nks Wirikable Srnart Insert B6:1 © CJC++ Indexer
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Exceptions in C++ and Java

C++

Java

can throw exceptions of objects or
primitive types (such as int)

must be objects of classes derived
from Exception

does not have to, but preferred

must declare what exceptions may
be thrown

does not have to, but preferred

must be enclosed within a try-catch
block, checked by compiler

meobj not necessary, but preferred

the catch block must identify the
object, for example,

catch (MyException meobj) {

may throw different types of
exceptions

Same

does not have the equivalent

allows finally

YHL Exception in C++ 15
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try-catch-finally

try {

} calllt.ch (exception_typel idl) {
} ca.l:[.ch (exception_type2 id2) {
} calllt.ch (exception_type3 id3) {
} firlllzlally {

// code here always executes
Il regardless whether exception has occurred

YHL Exception in Java



& Java - JavaException/src/TryCatch.java - Eclipse SDK

File Edit Source Refactor Mawigate Search Run Project  Window  Help

m TryCakch.java 3 = 8| Bl consale 2 = B8
/4 TryCatch. java <kerminated > TryZatch [Java Application] C:AF
wi  import Jjava.io. *: x 3& (Sse Eﬁ (=
class Err extends Exception ! = BE-ri-
+ 3 =0
3 =1
public class TryCatch { j =2z
= static void £(int j) throws Err =3
aJystem. out.println(™j = " + Ji1: Exception caught in mwain
if (3 == 31 {

throw new Erri):

'
Fl++3):

= public static void main(3tring[] args) 1
try |
£ia);
} catch (Err e] |
Iystem. out.println("Exception caught in main®™)

nks Wirikable Srnart Insert 4:30 © CJC++ Indexer

YHL Exception in Java



Multiple Exceptions

YHL Exception in Java



& Java - JavaException/src/ExceptionUsage4.java - Eclipse SDK

File Edit Source Refactor Mawigate Search Run Project  Window  Help

m Exceptionlsaged.java &3 = 8| Bl consale 2 = B8
//ExceptionUsaged. java (modified) s <kerminated > ExceptionJsaged [Java Applicati
wy  class NyException extends Exception { & 3& =" Eﬁ IE' IEI
private 3tring me message; e
= public MyException(3tring m=adg) | ) E - LT
me mEssage = m3g: caught MvException hello
H caught Err 71
= public 3tring tol3tringil) |

return me_meESSage;

}
w olass Err extends Exception |
private int e _wvalue;
= public Erriint i) |
e value = i;
*
S public 3tring to3tringil) |
return Itring.valuself(e wvalue]:

¥
class ExceptionU=zaged |
= sgstatic void £i() throws MvException |
throw new MNyException("hellao®™):
*
= static void gi() throws Err 1
throw new Err(71):;
}
= static void hi() throws HNyException, Err
fi]:|
i |

|
|1

nks Wirikable Srnart Insert 28:13 © CJC++ Indexer
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& Java - JavaException/src/ExceptionUsage4.java - Eclipse SDK
File Edit Source Refactor Mawigate Search Run Project  Window  Help

m Exceptionlsaged.java &3 = 8| Bl consale 2 = B8
3 ” <kerminated > ExceptionJsaged [Java Applicati
= gtatic void hi() throws HNyException, Err { ® 3& EN Eﬁ IEI IEI
£l :|
=gk - F -
Q'l::l.: || E |._J
3 caught MyException hellao

caught Err 71

= public static void wmain(3tring[] args) 1
try |
hi):
} catch [(MyException meok]) |
Syatem. cut.println(Toaught MyException ™ 4+ meoki),
} catch [(Err eobj) |
SGystem. cut.printlnicaught Err " 4+ eobij):;

try |
il
} catoch (Err eaobj) |
System. cut.println(Toaught Err T + okl
h
i
¥ gl) cannot throw HyException
catch [(MyException meobi] o
System.out. println("ocaught MyException™) ;
Py

=

| z _ )

|

nks Wirikable Srnart Insert 28:13 © CJC++ Indexer
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Catch and re-Throw

YHL Exception in Java



& Java - JavaException/src/ExceptionUsageé.java - Eclipse SDK

File Edit Source Refactor Mawvigate Search Project Fun Window  Help

£B Exceptionlsages.java &3
¥
class ExceptionUszages |
= sgstatic void £i() throws MvException |
throw new MNyException("hellao®™):
*
static void gi() throws HyException |
try |
£z
} catch( MyException e )
Iyatem. out.println( "oatching and re-throwing in g "™ + 2):
throw new MyException(Tecedol™):

*
public static void main( 3tringl[] ardgs )
i
try |
il
} catch( MyException e )
Syatem. cut.println( "oaught MyException in main " + ) :

El console &2 *% e B H & ot

<kerminated > ExceptionUsaged [Java application] C:\Program Filesijavaijrel .6.0_03bin\javaw. exe (May 25, 2008 4:49:45 PM)
catching and re-throwing in g hello

caught MHvException in main ecede:z

nks Wirikable Srnart Insert Iz
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Exception and File 10
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& Java - JavaException/src/ExceptionUsage5.java - Eclipse SDK
File Edit Source Refactor Mawvigate Search Project Fun Window  Help

m ExceptionlsageS.java &3 infile = B8
ffExceptionlsages. java ~
import java.io.*;
class ExceptionUszages |

gtatic void fool) throws Exception { throw new Exceptioni)l: 1}
= sgstatic void bar () throws Exception |
FileReader input = null:;
try {
input = new FileReader|( "infile™ ):
int ch;
while [ [ ch = input.readi() 1 '= -1 ] {
if [ ch == '"4' | {
Iystem. out.println( "found it™ ):
Fool):
h
*
} finally |
if [ input '= nuoll ) {
input.close()
SJystem. out.println("input stream clozed succezsfully™);
h
h
System. out.printlni "Exiting bari(]"™ |:
*
= public static void main( 3tringl[] args ) | 4
try |
bar():
} catoch|{ Exception e )1
Iyatem. out.println( "oaught exception in main™ )@ w
nks Wirikable Srnart Insert 1:1
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& Java - JavaExceptionfinfile - Eclipse SDK

File Edit Mawvigate Search Project Fun  Window  Help

=
m Exceptionl)sages. java ( infile &3

Thiz iz an example file used for ExceptionlUsagels. java.
the file contains A4, an exception is thrown.

If

O Wirikable Inserk

YHL

Exception in Java
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& Java - JavaException/src/ExceptionUsage5.java - Eclipse SDK
File Edit Source Refactor Mawvigate Search Project Fun Window  Help

m ExceptionlsageS.java &3 infile = B8
AfExceptionsages, java (modified) ~
import java.io.*;
class ExceptionUszages |

gtatic void fool) throws Exception { throw new Exceptioni)l: 1}
= sgstatic void bar () throws Exception |
FileReader input = null:;
try {
input = new FileReader|( "infile™ ):
int ch;
while [ [ ch = input.readi() 1 '= -1 ] {
if [ ch == '"4' | { —
Iystem. out.println( "found it™ ):
Fool):
h
*
} catch [(ICException ioe) |
aJystem. cut.println("I0Exception occurs " 4+ ioe);
} finally |
if [ input '= null | | W

El cansale &2 *% L“Eﬁ@@ =t 5= = O

<kerminated > ExceptionJsages [Java Application] C:\Program Files!javaijrel .6.0_03bin\javam. exe (May 25, 2008 5:10:17 PM)

found it

input stresun closed succeszfully

caught exception in main

I

1 Writable Smart Insert 341
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YHL

Overhead of Exception Handling

Do not overuse exceptions.

In many cases, if the errors can be detected by the
return code

retval = function(...);
If (retval < 0) { ... /* handle error */ }
then, you should do so without using try-catch.

Detect problems early, instead of using exceptions. For
example, check whether network connection is valid
before sending data (and catch exception when the
sending fails).

Catch an exception early and prevent its propagation.

Exception in Java 13
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Execution Flow

try { e If f1() throws an exception, will
f10; f2() be executed?
f20); « f1() throws and exception and

it is caught by the first catch;
f3() throws another exception,

130 will the following catch block
} catch (exception_type2 id2) { handle it?

} catch (exception_typel id1) {

} catch (exception_type3 id3) {

YHL Exception in Java 15
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Static Member

« A static member (attribute) is shared and accessible by
all objects of this class.

e A static function can be called without creating an object.

« A static function can only access static attributes or call
static functions.

e Static attributes can also be accessed in non-static
functions.

YHL Static Member and Memory Sharing



Memory Sharing

« Copy constructor + assignment operator perform "deep
copy": allocate memory for individual objects so that they
have different pieces of memory.

« Sometimes, it is preferred to share the memory among
objects. This can be achieved by using static members
using a "reference counter".

e The reference counter increments in constructor and
decrements In destructor. When the counter Is zero,
delete the memory.

YHL Static Member and Memory Sharing 3



& CIC++ - sharememory/main.cpp - Eclipse SDK

File Edit

Refactor  Mavigate Search Project Run Window  Help
@ ShareMernory. b = 8| Bl consale 2 = B8

@ main.cpp & @ ShareMemaory . cpp

#include <iostream>
#include "IhareMemory.h'™

=4

using namespace std;
int main{int argco,

ShareMemory =wml(10) ;

char+% arov) |

for (int index = 0; index < 10; index +4+) {

sml.write [index,
}
ShareMemory smz (6] ;
sme . write (4, -9);

index) ;

cout << sSml.read(4) << endl;

cout << sSmiZ.getiizel)
ShareMemory sm3 (20)
cout << sml.get3ize()
sml.write (16, 77):
cout << Sm3.readl(le)
return 0O;

<< endl;

<< endl;

<< endl;

Writable Smart Insert 201

<kerminated > sharememory.exe [CHC++ Local Appl

® % | Gk bE & &
+ E- -

first object created
-9

10

20

7Y

no more obhject

YHL

Static Member and Memory Sharing



& CIC++ - sharememory/ShareMemory.h - Eclipse SDK

File Edit Refactor Mawigate Search Project Run  Window Help

@ main.cpp @ ShareMemaory ,.cpp @ ShareMemory.h &5 = 8| Bl consale 2 = B8

#ifndef SHAREMEMROT H
#define SHARENEMROT H
#include <iostreatm:-
using namespace =td;
class ShareMemory |
static int sm counter:
static int sm size;
static int * sm dataz;
hool checkIndex(int index) const;
public:
ShareMemory (int =z);
ShareMemory (const ShareMemory £):
ShareMemorvée operator = (const SharelMemory £) @
int getSize|) const { return snisize; ”
int read{int index) const; // read
vold write(int index, int wvalue);
virtual ~ShareMemory () :
b

#endif /*SHAREMEMROY H */

1 Writable Smart Insert 14 : 44

<kerminated > sharememory.exe [CHC++ Local Appl

® % | Gk bE & &
+ E- -

first object created
-9

10

20

7Y

no more obhject
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& CIC++ - sharememory/ShareMemory.cpp - Eclipse SDK

File Edit Refactor Mawigate Search Project Run  Window Help

@ main.cpp @ ShareMemory.cpp &4 @ ShareMernory. b

#include "IhareMemory.h'™
J/ initialize static members
int FhareMeamory::sm counter = 0;
int ShareMemory::sanize = O:
int* ShareMemory::sm data = 0;
ShareMemory: : ShareMemory (int sz) |
if (s=z <= 01 {
cout << "size « 07 << endl;
return;
}
if (sm counter == 0] |
cout << "first object created"™ << endl:
sm size = 3
sm data = new int[=z]:

if (sm datas == 0] {
cout << "memory allocation T o<<4 Sz <<
return;

¥

if (sm size »= =5z) |
A4 do nothing

} else |
/¢ allocate more space, copy elements
int * newdata = new int[sz];

if [(newdata == 0] {
cout << "memory allocation To<<4 SE o<«
return;
h
1 Writable Smart Insert

(£

= B El consale 2 = B8

<kerminated > sharememory . exe [CfC

® % G bEE &
B r9-

first ohject created
-0

10

20

7T

no mare object

YHL Static Member and Memory Sharing



& CIC++ - sharememory/ShareMemory.cpp - Eclipse SDK

File Edit Refactor Mawigate Search Project Run  Window Help

@ main.cpp @ ShareMemory.cpp &4 @ ShareMernory. b

} else |
A4 allocate more Space, copy elements
int * newdata = new int[==z]:
if [(newdata == 0] {
cout << "memory allocation o< 2z <4< "fail'™ << endl:

return;

*

for (int indexcnt = 0; indexcnt < snlsize; indexcnt ++) |
newdatalindexent] = sm datz[indexcnt] ;

H

delete [] =m dataz;
gm data = newdata;
sm size = 3

sm_counter ++;

ShareMemory: : ShareMemory (const ShareMemory & orig) |
sm counter ++;
A4 no need to do anything elze

hool ShareMemory: :checkIndex(int index) const {
if [((index < 0) || [(index »= SHLSiZE]] 1
cout << "index out of range”™ << endl;
return false;

1 Writable Smart Insert 333

= 0O E consale 2 =0
~ <kerminated > sharememory . exe [CfC
X% Gbi&E
4 B~ -
first ohject created
-9
104
Z0
i

no mare object

(£

YHL Static Member and Memory Sharing



& CIC++ - sharememory/ShareMemory.cpp - Eclipse SDK

File Edit Refactor Mawigate Search Project Run  Window Help

@ mnair. cpp @ ShareMermory.cpp 25 @ ShareMemnory. h = 0 | Bl consale 2 = 0
~ <kerminated > sharememory . exe [CfC
ShareMemorvé ShareMemory: :operator = (const ShareMemory & orig) | - 4 % EN Eﬁ IEI IEI
nothing needs to ke done
i ) : = B~ ry-
return * this: = =
3 firat object created
-0
int ShareMemory: :read(int index)] const | 10
if (checkIndex|(index)] { 20
return sm data[index]: 7
! else | no mare object

return -1:

volid ShareMemory: :write(int index, int wvalue) {
if [(checkIndex(index)) 1
sm dzta[index] = wvalue;

ShareMemory: : ~ShareMemory (] {
sm_counter —-;
if (sm counter == 0] |
cout << "no more object®™ << endl:;
delete [] =m dataz;

=

1 Writable Smart Insert 333

YHL Static Member and Memory Sharing



"8 msee190pc9.ecn.purdue.edu - eed462b30@mseel 90pc - SSH Secure Shell
File Edit Miew window Help

& Quick Connect | Profiles = ||| [ | & [& = BE M S % @n

[(mseel90pc9) ~/lecturecode/0929/sharememory/ ] valgrind --leak-check =
=yes ./sharememory

==9621== Memcheck, a memory error detector.

=?9621== Copyright (c) 2002-2005, and GNU GPL'd, by Julian Seward et
al.

==9621== Using LibVEX rev 1575, a Tibrary for dynamic binary translat
ion.

==9621== Copyright (C) 2004-2005, and GNU GPL'd, by Openworks LLP.
==9521== Using valgrind-3.1.1, a dynamic binary instrumentation frame
work .

=?9621== Copyright (C) 2000-2005, and GNU GPL'd, by Julian Seward et
al.

==9621== For more details, rerun with: -v

==962]1==

first object created

-9

10

20

77

no more object

==0/2]==

=;9621== ERROR SUMMARY: 0 errors from 0 contexts (suppressed: 5 from
2

==9621== malloc/free: in use at exit: 0 bytes in 0 blocks.

==9621== malloc/free: 14 allocs, 14 frees, 552 bytes allocated.
==9621== For counts of detected errors, rerun with: -v

YHL Static Member and Memory Sharing
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Self Test

Static Member and Memory Sharing
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