Debugging in Visual Studio

Learn how to use the powerful integrated debugging
environment provided in Visual Studio 2003 and 2005

By Steve Jones
Game Institute
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What we will cover

*Debugging native, 32-bit
console and win32
applications

sLearn most common
debugging tools

*Visual Studio .NET 2003 and
2005 IDE environments

*The most common techniques
for debugging

sExamples
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Microsoft Visual Studio is a registered trademark of Microsoft Corp.




Debugging

What are you trying to find and fix?

« Two main types of code
errors

— Syntax

 Compiler catches most if
not all of these for you.

— Semantic or logical

« Syntactically correct yet
program may “crash and
burn” at run-time!

Task List - 1 Build Error task shown (filtered)
! v | Description

| Cickheretoaddanewtsk 0000000000000 ]

! "’ error C2065: 'x' : undedared identifier

< | il
[#] Task List | B output

For example: Compiler will not catch an
un-initialized pointer but you WILL get
arun-time error if you try to use it!
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Why Should | Use Visual Studio to
Debug my Program?

« Even most experienced coder creates errors or “bugs”

* Visual Studio debugger will provide two powerful run-
time facilities:
— Trace the program Execution
— Watch variables during program execution

These allow you to stop at procedure locations, inspect
memory and register values, change variables, observe
message traffic, and get a close look at what your code
does.
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Project Configuration Settings

 Debug vs. Release Configurations

— The configuration of your program is compiled with full
symbolic debug information and no optimization.

— The configuration of your program is fully optimized and
contains no symbolic debug information.

— Must be in Debug configuration to debug your program.

W DebugWin32App_2005 - Microsoft Visual Studio

File Edit Wiew Project Build Debug Tools Test Window Community Help

HEYRSEERAA" W= S SCER:-Y
P e B ax |[EEEE| = 2 (]

i)

l— ___,__.--""-Debquin32App.cpp' Start Page
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Getting Acquainted with Visual Studio
Debugger

e Debugger Windows

— Autos  Execution Control

— Locals — Starting or Continuing
— Watch Execution

— Call Stack Stopping
Breaking Execution
Stepping Into and Out of code
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Debugging Example #1
Console app

This simple console program c:\Dev\3D Graphics\Gl - Game Institute\My Events\Samples\Debu... - I:Iﬂ
should determine whether two e et nteger: e
Integers are equal.

They are Equal?

Press any key to continue . . .

Code compiled just fine,
0 warnings, O errors

... BUT the code obviously has a
logical error! 3 does not equal 5!
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Debugging Example #1 = (a console app.)

"+ DebugConsoleApp - Microsoft Visual C++ [désign] - DebugConsoleApp.cpp
File Edit View Project Build Debug Tools Window Help
H-m-mEO f BRE p Debug - | [ render
Solution Explorer - DebugCons... & X ! Start Page Dehugtnnsnle.ﬂ.pp.cppl atd.c |
|
E Solution 'DebugConsoleApp’ (1 proje! o // DebugConsolelpp. Cppl
=k Eﬂ DebugConsoleApp i,

i [i3] References

= £ Source Files

e @ DebugConsoleApp. cpp

[[] Header Files
[[7] Resource Files

#include <iostream>
#include <tchar.h>
using namespace std;

[ int main()

int %, ¥:
cout << "Enter first integer: ";
cin >» X;

cout << "Enter second integer: "
cin >> ¥:

if (& = ¥)

cout << "They are Equal'™ << endl;
else if (x > ¥)

cout << "The first one is bigger!™ << endl;
else

cout << "The second one iz bigger!'" << endl;

cout <<endl;

system ("pause") ;

return 0;

2005
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What is a Breakpoint?

—Fle Edit View Project Buld Debug Tools Test Window Community Help
Breakpoints are user-defined  [HoiSERIEE= N IR RN ERNSRR - AE NALCT
' B | R T E ] = P il @ b ae | i s

code locations that pause i i

execution

You know them by the little,
red “dot” in the left margin of
the editor window S

F9 to add or remove (toggle) | Desemtemisssage( insg )
Or left-mouse click in margin

if( PeekMesszage( &m=g, NULL, 0, O, FM REMOVE ) )

/{ Process input, update the scene and render it here
f/ Give up some CPU time

Sleep (1) ;

Unllmlted number Of them to , return (int) msg.wParam;
use.
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Debugging Example #1

(continued)

w DebugConsoleApp - Microsoft Visual C++ [désigni - DebugConsoleApp.cpp

File  Edit Project  Build

B-tn-=EHE@ % B

View

Debug  Tools

Help

v | render

Window

p Debug

Solution Explorer - DebugCons... & X !

Start Paoe  DebugConsoleApp.cpp | crif.c |

;] I-:-_. main

| (Globals)

E Solution 'DebuaConsaleApp’ (1 proje
= DebugConsoleApp
- (3] References
= 3 Source Files
o @ DebugConsoleApp.cpp
([ Header Files
([ Resource Files

= /¢ DebugConsolelpp.cpp
i

#include <iostream>
#include <tchar.h>
using namespace std;

Add a breakpoint here

We arbitrarily picked this line because it
seemed like a reasonable place

int X, ¥:
cout << "Enter first

"
B

cout << "They are Equal!"™ << endl;
elae if {(x > ¥)

cout << "The first one is bigger!"™ << endl;
else

cout <<

"The second one is bigger!"™ << endl;
cout <<endl;

system("pause") ;

return 0;
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Starting the Debugging Session

Make sure you are in a Debug configuration
Press F5

Or click on Debug icon _
Or select menu Debug — Start Debugglng

File Edit View Project Build Tools Test Window Community Help

R A N- TP ey

!}.l_' Resource View - DebugWin32App_z " | Start With Application Verifier  Shift+alt+F5
:;’3 DehqunS!App 2005 | -[+| Start Without Debuagging Cirl+F5

Er T Attach to Process...
. Exceptions...

Toggle Breakpoint
Mew Breakpoint
& Delete All Breakpoints
) Disable Al Breakpoints

Microsoft Visual Studio is a registered trademark of Microsoft Corp.




Debugging Example #1

- Running in the debugger

» DebugConsoleApp - Microsoft Visual C++ [break] - Debr{g(:onsoleﬁpp.cpp

File Edit Wiew Project Build OCebug Tools Window ﬂeﬁg

Bl-ta-esl & ¢ B E | ) Debug

v | render

3

‘Solution Explorer - DebugConsoleApp DebugConsoleApp.cpp

Disassembly |

| (Globals)

E Solution ‘DebugConsoleApp’ (1 project)
B DebugConsoleApp
- [i3] References
=~ 3 Source Files
- DebugConsoleApp.cpp
- [ Header Files
- (7 Resource Files

Ff

Fint main()

int =, ¥;

cin >> =;

cin >> y;
if (x = v)
else if (=

else

E Solution Explorer Running Documents |

= /f DebugConsolelpp.cpp

#include <iostream>
#include <tchar.h>
using namespace std;

cout << "Enter first integer:

cout << "Enter =second integer:

cout << "They are Equal!"™ << endl;

> ¥}

cout << "The firat one i=s bigger!™ << endl:

cout << "The second one is bigger!"™ << endl;

Autos

2 X |calstack

|
|
|
|
|
|
|
|
;H
1 x

| Value

| | Name

|Language

3
3

!6 DebugConsoleApp.exelmain) Line 19
DebugConsoleApp.exe!mainCRTStartup) Line 259 + 0x 19
kernel32.dil' 7ca 16fd70)

C++
c

i Autos @ Watch 1 Locals | B output |

i & call stack | F7] command Window |

Ready

2005
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Debugging Example #1

w DebugConsoleApp - Microsoft Visual C++ [break] - DebugConsoleApp.cpp

Stepping, examine variables

G-ra-sdd@ f B

File Edit Wiew Project Build OCebug Tools

Window Help
y Debug + | # render

[ |

| Solution Explorer - DebugConsoleApp

E Solution ‘DebugConsoleApp’ (1 project)
B DebugConsoleApp
- [i3] References
= 3] Source Files
- DebugConsoleApp.cpp
- [ Header Files
- (7 Resource Files

DebugConscleApp.cpp | Disassembly |

| {Globals)

E Solution Explorer Running Documents |

= /f DebugConsolelpp.cpp
i

#include <iostream>
#include <tchar.h>
using namespace std;

/ Main Entry Point

Fint main()
int =, ¥;
cout << "Enter first integer: ";
cin >> =;

cout << "Enter s=second integer: ";
cin >> y;

if (x = v)

cout << "They are Equal!"™ << endl;
else if (x > ¥)

cout << "The firat one i=s bigger!™ << endl:
else

cout << "The second one is bigger!"™ << endl;

Autos

1 x||calstack

|
|
|
|
|
|
|
|
_>|_‘
1 x

Mame | Value

i Name

|Language

X 5
¥ 5

C» DebugConsoleApp.exe!main() Line 20
DebugConsoleApp.exe!mainCRTStartup) Line 259 + 0x 19
kernel32.dil 78 16fd7()

C++
c

i Autos @ Watch 1 ' Locals | B output |

2005

Ready

i & call stack | F7] command Window |
|
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Execution Control
Stepping through your code

N

File Edit Wew Project Buld Debug Tools Window Help

Starting / Stopping » 1 om o | E(ECz Hex -
Breaking

Stepping through your
application

— (F10, F11 or Toolbar
buttons)

Run to a specific location
— Run To Cursor (right-click menu)

main.cpp | main.cpp Yain.cpp\| ortdb

L. Microsoft®
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Autos Window

Name

— The names of all variables
In the current statement
and the previous
statement. The current
statement is the statement
at the current execution
location, which is the
statement that will be
executed next if execution
continues.

Value

— The value contained by each
variable. By default, integer
variables are represented in
decimal form.

Type
— The data type of each variable
listed in the Name column.

i’/‘f Visual Studio 2005

Microsoft Visual Studio is a registered trademark of Microsoft Corp.
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Locals Window

e Name

— This column contains
the names of all local
variables in the current
scope.

e Value

— The value contained by
each variable. By default,
integer variables are
represented in decimal
form.

e Type
— The data type of each

variable listed in the Name
column.
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Watch window(s)

Watch window displays Name, Value, and Type of variables

Type In or click-drag variables into window
Change values live while at break
You have 4 independent Watch windows

Value

(VS 2005 & VC++ Express)

Watch 1
Mame:
WX
WY

& Autos | ] Locals | (F] Threads | [s] Modules | F]Watch 1 |

& ViISsual STUudIiO 2005
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Debugging Example #1 - Found error

W DebugConsoleApp - Microsoft Visual C++ [break] - DengConsoleApp.cpp
File Edit Wiew Project Build OCebug Tools Window ﬂeﬁg

- = =i} I y Debug ~ | gk render - a B 7

C moo v YELE ez Hex [l
Solution Explorer - DebugConsoleApp 2 x| DebugConsoleApp.cpp | Diszssembly |
|[G|nbals) :_I |‘=‘-.main
laSnluﬁon'DebugCDnsoleApp' (1 project) [
= DebugConsoleApp

(3] References #include <iostream>
=)- 3 Source Files

; #include <tchar.h>
Deiigtmele AP using namespace s
(2 Header Files Sl B

(27 Resource Files

= // DebugConsolelpp.cpp

Fint main()

int =, ¥;
cout << "Ente
cin >> =;

cout << "Enter s=second integer: ";
cin >> y;

if (x = v)

COUr << hey are Equal!"™ << endl;
else if (x > ¥)

cout << "The firat one i=s bigger!™ << endl:
else

cout << "The second one is bigger!"™ << endl;

E Solution Explorer Running Documents

Autos 2 X | CallStack :
| Value | I | Name | Language
3 i & DebugConsoleApp.exelmain) Line 12 C++
5 i L

i Autos @ Watch 1 ; Locals | B output | ﬁ Call stack | E7] Command Window | -005

Reaa} . i :rosoft Corp.




Debugging Example #1 - Fixed error, recompiled, run, step

" SemanticError - Microsoft Visual C++ [break] - main.cpp

G-ra-sdd@ f B

File Edit Wiew Project Build OCebug Tools

p Debug

Window Help

BE TER L

ST o %2 [Z &= Hex ]~

v | render

| Solution Explorer - SemanticError

E Solution ‘DebugConsoleApps’ (2 projects)
= SemanticError
. [i5] References
| 5] Source Files
L Mair. cpp
- [ Header Files
¢ [ Resource Files
g Stepping
‘o (53] References
= 3] Source Files
b main.cpp
- [ Header Files
- (7 Resource Files

main.cpp - main.cpp | Disassembly |

| {Globals)

_'_I |'='-. main

E Solution Explorer Running Documents |

= /f DebugConsolelpp.cpp
i

#include <iostream>
#include <tchar.h>
using namespace std;

/ Main Entry Point

Fint main()
int =, ¥;
cout << "Enter first integer: ";
cin >> =;

cout << "Enter s=second integer: ";
cin >> y;

if (x = v)

cout << "They are Equal!"™ << endl;
else if (x > ¥)

cout << "The firat one i=s bigger!™ << endl:
else

cout << "The second one is bigger!"™ << endl;

Autos

1 x||calstack

|
|
|
|
|
|
|
|
_>|_‘
1 x

Mame | Value

i Name

|Language

X 3
¥ 5

C» SemanticError.exe!main{) Line 21 +0x2
SemanticError.exe!mainCRTStartup) Line 259 + 0x19
kernel32.di1 7c8 16607}

¥

C++
c

2005

i Autos @ Watch 1 ' Locals | B output |

Ready

i & call stack | F7] command Window |
|

[['Ln21
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Debugging Example #1

" SemanticError - Microsoft Visual C++ [break] - main.cpp

- Step. Hey the code worked!

Help

v | render

File  Edit Project Build OCebug Tools Window

G-ra-sdd@ f B

View

p Debug

Pl om o 5= [E o=

?E %R
Hex @v_

- B

| Solution Explorer - SemanticError main.cop - main.cpp | Disassembly |

| (Globals)

_'_I |'='-. main

E Solution ‘DebugConsoleApps’ (2 projects) =/
B SemanticError i
. [i5] References %
| 5] Source Files
£ main.cpp
- [Z] Header Files
¢ [ Resource Files
- Stepping
- [s3] References
= 3] Source Files
i main.cpp = int main ()
- [Z Header Files i
- (7 Resource Files

DebugConsolelApp.cpp

#include <iostream>
#include <tchar.h>
using namespace std;

/ Main Entry Point

int =, ¥;

cin >> =;

cout <<
cin >> y;

if (x = v)
cout <<
else if (x > ¥)
cout <<
else
cout <<

E Solution Explorer Running Documents |

"The first one is bigger!"™ << endl:

"The second one is bigger!"™ << endl;

cout << "Enter first integer: ";

"Enter second integer: ";

"They are Equal!"™ << endl;

Autos

1 x||calstack

|
|
|
|
|
|
|
|
_>|_‘
1 x

Mame | Value

i Name

|Language

C» SemanticError.exe!main{) Line 24

C++
SemanticError.exe!mainCRTStartup) Line 259 + 0x19 C
kernel32,di' 7e816/d7()

¥

i Autos @ Watch 1 ' Locals | B output |

2005

Ready

i & call stack | F7] command Window |
|

Mnzs :rosoft Corp.




The Call Stack

Call stack window displays each function name in the order they were
called.

Yellow arrow identifies the stack frame where the execution pointer is
located

Double-clicking on a function name takes you to the function in source code

Click Debug — Windows — Call Stack to show window (if hidden). Itis shown
by default.

Call stack

Mame Language

ks Eleuatnfﬂ.lde ExEIE'I'iE Reraetﬁrmmnﬂ Line 635 +ﬂ:-r25 C++

Eleva G tCheckGameObjec ons(voic Context=0x0b2c2028, CGameObject * pGameCbj=0x0b5e9628, floal C++

Update{float Time ) C C44

pdate{float Time= 3] C++

ElevatarD SH| =Fra ':: lirect3D :l:- = D300 00 a0, float dElapsedTime=0,006226 5} Line 312 + 0x C++

ElevatorDude e ine 376 + 0x32 C++

Eleva C " |': ++
Ele in{HIMSTAMCE
|r|r"l.:||r| FT1t.:|rtu|:|| Line : '-':1 + 0x30

¢ & Visual Studio2o0s
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Example #2

How to Use Conditional Breakpoints

These are breakpoints
that only “break” based
on a specific condition.

In this example, we will
put a conditional
breakpoint in the “for”
loop and the breakpoint
will only stop when our
condition is met.

B// main.cpp
#include <iostream>

$include <tchar.h>
using namespace std;

Eint main()
int Id=x:

for (Idx = 0; Idx « 1000;

cout << "Line "

¢ ' Microsoft®
’/" Visual Studio2oos
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Example #2

Add a breakpoint with a condition

Let's say you want to
break execution only
when a condition is
met rather than
break each time the
loop cycles.

/¢ main.cpp
#1HC111H <iostream>

#include <tchar.h>
using namespace std:

int main()

int Idx
for (Idx = 0; Idx < 1000

the line you're
Interested in.

cout <<

system("pause™) ;

Then we’ll configure a
conditionto it.

Add a breakpoint on T

return 0;

. Microsoft®
’/4 Visual Studio2oos
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Example #2

Breakpoint Properties (VS 2003)

Eint maini()

Right-mouse click on the int Idx;
. for (Idx = 0; Idx < 1000;
breakpoint -

Select Breakpoint
Properties...

Femove Breakpoint

Disable Breakpoint

Breakpoint Properties. ..
Ml Mew Breakpoaint...

Fun To Cursor

Go To Definition

5o To Dedaration

“% Synchronize Class View
Cutlining 3

Mowve main.cpp into Project »

¢ . Microsoft®
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Example #2

Open Breakpoint Properties Dialog (VS 2003)

y Breakpoint Properties
#includ

The breakpoint dialog o] Functon Fle | Address|

WI ” O pe n . using Break execution when the program reaches this location in a file.

Mai in Visual Studio\samples\DebugConsoleApps\Steppingmain. cpp

int mai

Conditian | (no condition)
Hit Count. .. | break always

= b Microsoft®
n Visual Studio2o0s
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Breakpoint Properties

Example #2 Function File | Address |

Set h |t Cou nt Cond |t|0n (VS 2003) Break execution when the program reaches this location in a file.

File: | in Yisual Studio\Samples\DebugConsoleApps\Stepping\main. cpp

5. Click on Hit Count... button T
Select frequency of the break Crevacier: |1
Default is “break always”

Condition...

Breakpoint Hit Count it Bk | break always

A breakpoint is hit when the breakpoint location is reached and the condition is
satisfied. The hit count is the number of times the breakpoint has been hit.

| {no condition)

When the breakpaoint is hit:
break always j

Reset Hit Count Current hit count: 1]

Cancel

Ok Cancel | Help |

Breakpoint Hit Count

A breakpoint is hit when the breakpoint location is reached and the condition is
satisfied. The hit count is the number of imes the breakpoint has been hit.

When the breakpaoint is hit:

break always j
break always

break when the hit count is equal to ’f \ MiCI;OSOft':'-":' o
break when the hit count is a multiple of :
break when the hit count is greater than or equal to | ‘f VI Sual StUd IO 2005

Ok

Microsoft Visual Studio is a registered trademark of Microsoft Corp.




Example #2

Set a condition (VS 2003)

: _. 6. Click on Condition... to set
SrecpontPropertes W& the criteria for breaking.
Function File | Address |

Break execution when the program reaches this location in a file,

File: | in Visual Studio‘\SamplesiDebugConsoleApps\Stepping main. cpp

Line: 16

Breakpoint Condition E

When the breakpoint location is reached, the expression is evaluated and the
Character: | 1 breakpaint is hit only if the expression is either true or has changed.

Iv Condition
Idx == 103

Condition {no condition) {* is true
" has changed
Hit Count. .. break always

¢ b Microsoft®
n Visual Studio2oos
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Example #2

Set hit count condition (VS 2005 & V C++ Express 2005)

Right-mouse click on the
breakpoint

Select Hit Count...

r

Breakpoint Hit Count

& breakpaint is hit when the breakpaoint lacation is reached and the condition is
satisfied, The hit count is the number of times the breakpoint has been hit,

When the breakpoint is hit:

Current hit count: 0

Zall Browser P hual" << endl;
ra2t bigger™ << endl;
ncond bigger™ << endl:;
50 To Header File
Breakpoint 3 J Delete Breakpoint
Run To Cursor JJ Disable Breakpoint

_uk Locakion...

- (s oy

Cutlining

When Hit. .

i b Microsoft®
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Example #2

Set a condition (VS 2005 & V C++ Express 2005)

Right-mouse click on the
breakpoint

Select Condition...
"l = Run To Cursor

.
Breakpoint Condition

YWhen the breakpoint loca ched, the expression is evaluated and the
breakpoint is hit anly if th on is krue or has changed. Cutlining

When Hit...

Zondition:
. ]
(%1 Is brue

{_¥Has changed

i b Microsoft®
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Example #2

Result - Code breaks at the desired condition

int Id=:
for (Idx = 0; Id=x

cout << "Line

d Visual Studio2oos
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Memory Leaks!
How do you know you have them?

Basic project setup to detect them
We will use the C Run-Time library

After building and running the program, the output
window will display any memory leaks.

We can call another function to force a breakpoint when
the suspect memory is allocated.

¢ . Microsoft®
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Memory Leaks!
Using some C Run-Time Functions

_CrtDumpMemoryLeaks()

Performs leak checking where called. You want to place this call at all
possible exits of your app.

_CrtSetDbgFlag ()
Sets debugging flags for the C run-time library.

_CRTDBG_REPORT_FLAG Gets current flag(s)

_CRTDBG_LEAK _CHECK_DF Perform automatic leak checking
at program exit through a call to
CrtDumpMemorylL eaks

L. Microsoft®
i’/‘f Visual Studio2o0s
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Example #3 Setting up for detection for Console or
Memory Leaks Win32

“Hook” into the C Run-time libraries to use the debug heap
1. Include the following lines in your program as the basics.

S/ main.cpp
i
#include <iostream>
#$include <tchar.h>

#define CRTDBG MAP ALLCOC
$include <stdlib.h>
#include <ocrcdbg.h>

Hint main(int argc, _TCHAR* argv[])

int *pMyVar:

int nDbgFlags = CrtSetDbgFlag( CRTDEG REPORTI FLAG)
nDbgFlags |= CRIDBEG LEAK CHECE DF;
_CrrtSetDbgFlag (nDbgFlags) ;

Sf Bllocate new memory for am integer
pMyVar = new int:

Sf Hotice we did not delete the memory!

return 0:

| Studio 2005

UdIO Is a registered trademark of Microsoft Corp.




Memory Leaks
_CRTDBG_MAP_ALLOC

Including crtdbg.h, you map the malloc and free functions to their
Debug versions, _malloc_dbg and free_dbg, which keep track of
memory allocation and deallocation
Without
Memory allocation number (inside curly braces)
Block type (normal, client or CRT)
Memory location in hex
Size of block in bytes
Contents of the first 16 bytes in hex
With it defined you get all the above plus:
 File name
e Line number

¢ . Microsoft®
’/" Visual Studio2oos
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Memory Leaks
Output window dump

Detected memory lezaks!
Cumping ocbkjects -

crhdevidebugoonsoleappaimenoryleak \main.cpp(l7) : {45} normel block at Ox00323208, 4 bytes long.

The program '[3

o
<]

[#] Task List

: Line
Source file number Memory Block Memory  Block

where leak T allocation  type location size
rr : number
BEClinred source file UEs

’ ). Microsoft®
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Memory Leaks

Locating the memory leak

Detected memory leaks!

Dunping ocbjects —>

cohprogram files‘\microscft wisual studic .net 2003\vco7Minclude'crtdbg.h(&83) : n:; rmal block at Ox00323828, 4 bytes long.
Data: < > CDh CD CD CD

Cbiject dump complete.

The program '[ZZ29¢] MemoryLeak.exe: Netive' has exited with code O (0x0) .

_CrtSetBreakAlloc(<allocation number>)

o Sets a breakpoint on a specified object allocation order number
(debug version only).

¢ ' Microsoft®
’/" Visual Studio2oos
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Memory Leaks

Locating the memory leak

Microsoft Visual Studio

"_-, D¥9_Crosshairs i kpaint
L

Continue

Drill down through Call Stack window to find the last called function that
belongs to your application. (not a function from a library)

Call Stack - 4 X
Langl[ﬂ]
i C++

C++
erator nev(unsigned int size=4) Line 59 ytes C++
inMain(HINSTAMCE___ * hInstance=0x00400000, HINSTANCE__ * hPrevInstance=0x00000000, char * lpCmd| C++__|

__tmainCRTStartup) Ling 324 + 0x35 bytes C

WinMainCRTStartup() Line 196 (

Microsoft Visual Studio is a registered trademark of Microsoft Corp.




So what have we talked about. . .

You will spend your time finding semantic errors
because the compiler catches syntax errors.

Visual Studio has a rich suite of debugging tools to help
you Trace the execution and Watch variables.

Control program execution by stopping and stepping
through your code.

Waitch variable values to see if they look right.
Use the C Run-time library for finding memory leaks.

¢ . Microsoft®
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Debugging in Visual Studio

Any guestions?

You can contact me in the forums at the Game Institute or
you can email me at:

{ ' Mictosoft“?' .
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