Debugging techniques in Delphi

Programming with Delphi

Debugging

Debugging techniques in Delphi & bug prevention

Stefan Cruysberghs
WWW.Scip.be
June 2003



http://www.scip.be/

Debugging techniques in Delphi 2

Contents
(O0] 01 (=] 1RO OPR PR PPRPRPTI 2
DT o TU o o Lo o PSR PRPST 3
TrY IEWIth @ @XAMPIE......i et e e e s re e teenae s e e sreennenreas 3
(@] 011 T0] SR RUURURPRRRTRRRS 5
e (0] 1= 0] o1 o] OSSO SSSRSTRN 5
DT oW oo T o] 011 To] TSP 7
oo 1010 1SS 7
CAll SEACK ...ttt bt R e bbb e nae e nrean 8
LOCAI VANADIES. ...ttt 9
WVAECKNIES ...ttt et st b e bt e st e bt e bt R b e e Rt e bt s e e Rt e nbe e Rt e eneenbeeneenre s 10
(@] 010} USSR 10
BIrEAKPOINTS ...t bbb b et e b enbe e nreas 11
SOUICE DrEAKPOINTS ...t e e et e e e e sreesreeneeaneenneens 11
Conditions, Pass COUNE, LOQ MESSAGE.....cueuuerterriiaierieesieaiesieesteaeessessiesseesseesseeeesseessesnsessesssens 11
Data DrEAKPOINTS ... ecuiiciic ettt e e te e e e st e ae et e s st e reentesneenreenaennaas 12
DEIUG INSPECLON ... ittt ettt bttt e st et e e b e e st e e eebeenbeanbesbeenbeeneenreas 12
Event 10g (OULPUIDEBUGSIIING) ...vveveiieiiee ettt e e e e neenes 13
Ideas for creating your OWn debug TEALUIES. ........c.ooiiiiiiiie e 14
BUQG PIrEVENTION ...ttt e e st e et e e s e s re e be e s e e e se e teeneenseeteaneeanaeneaneenres 15
SOIVE WarNiNgs aNa NINES.........oiiiiee ettt a e re e b e 15
TEEIMS OF TISTS ..ttt bbbt bbb e s 15
POINTEIS 10 ODJECES. . .eueiiieitieie ettt b e bbb e e be st esbeebesneenbe e e enes 15
B2 1T 1 Y2 OSR 16

I = (1] o T TSRO PP RPN 17



Debugging techniques in Delphi 3

Debugging

Even if you did write a program in disciplined, well-structured, careful manner, you probably still
need to debug it to find some bugs. Delphi offers great debugging tools and when you know how to
use them, you will surely save a lot of time finding the exact reason of the problem.

In this small tutorial I will explain some nice features in Delphi which will help you to debug your
programs. Because it is better to avoid bugs, | will also give some tips for making better programs.

Try it with an example

+[ Advanced Debugging — |EI Iil
Edit
Cale 105 | T | Cale 2012 |

15

unit DebugTechn;
interface

uses
Windows, Messages, SysUtils, Classes, Graphics, Controls, Forms, Dialogs,
Menus, StdCtrls;

type
TForml = class(TForm)
Buttonl: TButton;
Editl: TEdit;
MainMenul: TMainMenu;
Edit2: TMenultem;
MenuCalculatel: TMenultem;
Button2: TButton;
Button3: TButton;
procedure ButtonlClick(Sender: TObject);
procedure MenuCalculatelClick(Sender: TObject);
procedure Button2Click(Sender: TObject);
procedure Button3Click(Sender: TObject);
private
procedure Calculate(const Intl, Int2 : Integer);
public
end;

var
Forml: TForml;
IntNumberl, IntNumber2 : Integer;
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implementation

{$R *_.DFM}

procedure TForml.Calculate(const Intl, Int2 : Integer);
var

IntSum - Integer;
BInPositive : Boolean;

begin
IntNumberl := Intl;
IntNumber2 := Int2;

IntSum := IntNumberl + IntNumber2;
BInPositive := (IntSum >= 0);

OutputDebugString(PChar("Sum = "+IntToStr(IntSum)));

Editl.Text := IntToStr(IntSum);
end;

procedure TForml.ButtonlClick(Sender: TObject);
begin
Calculate(10,5);
OutputDebugString(PChar("Calculate, 10 and 5%));
end;

procedure TForml_MenuCalculatelClick(Sender: TObject);
begin

ButtonlClick(Sender);
end;

procedure TForml.Button2Click(Sender: TObject);
begin

IntNumberl := 12;
end;

procedure TForml.Button3Click(Sender: TObject);
begin

Calculate(-20,12);
end;
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Options

Before you can start using the Delphi debugger tools, you have to make sure all necessary settings
are set.

Project options

Go to the tab Compiler in the project options via the menu Project >> Options. Uncheck
Optimization, check Stack frames and check some of the Debugging options. Without these
options you will not be able to use all the debugging tools.

When creating an official build of your application it is better to uncheck all Debugging options and
to check Optimization. Your final EXE will be a little bit smaller without this debug information.

Project Options
DirectonezConditionalz ] Yersion Info ] Packages ]
Faorms ] Application Cormpiler l Linker ]
Code generation RBuntime errors
[ Optirmization [ Bange checking
W Stack frames [
[~ Pentiun-zafe FOR [ Overflow checking
g | Record fisld aignment Debugaing
[v Debug information
Syntax ophions v Local symbals

[w Strict var-ztrings v HEIE[ET'C_'_E info
[ Definitionz anly
[w Azzertions

[ Uze Debug DCU=

| Complete boolean eval
[v Extended spntax
[ Twped (8 aperatar

[v Open parameters Meszages
[v Huge strings v Show hints
v Aszzignable typed constants [v Show warnings

[ Default Ok Cancel Help
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Just use the default Linker options. When using external debuggers like MemProof you sometimes
have to set the Map file to Detailed and check Include TD32 debug info. In all other cases don’t

check the EXE and DLL options and don’t use the Map file.

[ Generate console application
[ Include TD3EZ2 debug info

[ Include remote debug symbals

Dezcrption

Project Options

DirectonezConditionalz ] Yersion Info ] Packagez ]
Farms ] &pplication ] Cormpiler Lirker

i ap file Linker output

e 0Off (+ Generate DCUs

(= Segments (" Generate C object files

™ Publicz (" Generate C++ object filez

" Detailed r

-
EXE and DLL options kemony sizes

Min stack size: 300004000
Mayx stacksize: |$00100000
Irage base: (300400000

EXE Description:

k. Cancel Help
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Debugger options

To use the debugger tools you have the check if the option Integrated debugging (Tools >>
Debugger options) is checked.

Debugger Options

General] Event Log Language Exceptions l 05 Exceptions

Exception Types ta lgnare

v| Delphi EAbort Exceptions

w| Microgzoft DAD Exceptions

v| YiziBraker Internal Exceptions

v| CORBA System Exceptions
CORBA User Exceplions

w| EldSocketEmor

v| E[dSilentE sception
ECorvvertE rrar

v| EdeFrintD evice

[v Stop on Delphi Exceptions

v Integrated debugging ] 4 Cancel Help

Breakpoints

When pressing the F5 button or clicking on the left bar in your editor you can add a red line to your
source. This line of source will have a breakpoint. When running the program, the execution will
stop when it passes the source line. Now you can trace into your source by using some function
keys.

F9 Run/Start

F8 Step over to next source line

F7 Trace into (source of function/procedure)

F4 Run to cursor (and skip the other source lines)
F5 Add/remove break
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Call stack

The Call Stack window displays the function calls (=LIFO list) that brought you to your current
program location and the arguments passed to each function call.

The top of the Call Stack window lists the last function called by your program. Below this is the
listing for the previously called function. The listing continues, with the first function called in your
program located at the bottom of the list. If debug information is available for a function listed in the

window, it is followed by the arguments that were passed when the call was made.

The Call Stack window also shows the names of member functions (or methods). When right
clicking you can jump to the selected procedure/function/...

& DebugTechn.pas -0l x|
DebugTechn | = v = -
5 EEGI a 5
H | )rvE Aowd  SEOBES
procedure TForml.Calculate(const Intl, Int: : Integer): ;I
rar
Int3wm : Integer:
ElnPositiwve : Boolean: J
* hegin
(] r{i IntMunberl :
+ IntMumber? := Int2: -
4 I I 3
L Breakpoirt List I Local Yarishles I Watch List I Event Log | Exploring DebugTechn.pas | Project Manager  Call Stack |

TFaorm1.Calculate(10.5]

TForm1 . Button Click[$BE 3138)

TForm . MenuCalculate] Click[$BE 3138]
Pri_DebuaaingT echhiques

|Insert
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Local variables

This window will show all local variables and their current value in the current function or
procedure.

& DebugTechnpas ~=10]x]

Del:uugTeu:hnl = - = -
H | 'rFrvE Aowl  ~EOEES

+ hegin ;I
(] IntMNumberl : Intil;

+ IntlNumber:s = Inta:;

* Int3wn := IntNuwiberl + Intlhunbers:

* BlnPositive := (Int3um >= 0);:

+ CutputDebugltring (PChar ('Zwm = '+IntTo3tr (Int3um) ) ; v|
4| I .3

Self: [[czlnheritable], Falze, False, nil, [J. $BEZES0, $BE32F8, $BE3EG4, $BE3IBEC, $BE 3138, $EE3E80, $BEZARM]
Int1: 10

IntZ: &

IntSurm: 15

BlnPoszitive: Falze

L Breskpoirt Lizt  Local Variablas |Watu:h Lizt I Evert Log | Exploring DebugTechn pss | Project Manager | Call Stack |

|“ 43 1 | |Insert
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Watches

Right click and choose Add watch or drag an expression from the editor to the Watch List window.

1=
Del:uugTeu:hnl = v = -
H | )rvE Aowd  SEOBES

+ bhegin ;I
(] IntMNumberl : Intil;

+ IntlNumber:s = Inta:;

+ Int3wn := IntNumberl + Intlhanber:z:

* ElnPositive = [EEssbioiet iy

+ Outputbebugitring (PChar ('2wn = '+IntTo2tcr (IntSwn) ) : vl
4| I 3

L Breakpoirt List I Local Yarishles  Watch List |Ever|t Log | Exploring DebugTechn. pas I Project Manager I Call Stack I

[ntMumber] + IntMumber?: 15
[ntMumber! - Inthumber?: 5
IntSum: 15

 IntMumberl: 10
BlnPogitive: Falze
[IntSurn =0 True

|“ 43 19 |Modified [Tnsert 4

Options

e Expression : Specifies the expression to watch. Enter or edit the expression you want to
watch. Use the drop-down button to choose from a history of previously selected
expressions.

e Repeat count : Specifies the repeat count when the watch expression represents a data
element, or specifies the number of elements in an array when the watch expression
represents an array.

e Digits : Specifies the number of significant digits in a watch value that is a floating-point
expression. Enter the number of digits.
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Breakpoints

Source breakpoints

Conditions, Pass count, Log message

Source Breakpoint Properties il

Filenarne: IE:HDDcuments and SettingzhStefanciMij j
Line nurnber: |42 j
Condition: IIntNumI:uer'I <0 j
Pass count; II:I j
Growp: I j
[T Eeep existing Breakpoint Advanced <<
— Actions:

[+ Break

[ lgnaore subsequent exceptions

[T Handle subzequent exceptions

Log meszage: I j

Eval expression: I j

¥ Logiresult
Enable group: I j
Dizable group: I j
k. Cancel | Help

e Condition : Specifies a conditional expression that is evaluated each time the breakpoint is
encountered. Program execution stops when the expression evaluates to True. Enter a
conditional expression to stop program execution. You can enter any valid language
expression. However, all symbols in the expression must be accessible from the breakpoint's
location.

e Pass count : Stops program execution at a certain line number after a specified number of
passes. Enter the number of passes. When you use pass counts with conditions, program
execution pauses the nth time that the conditional expression is true. the debugger
decrements the pass count only when the conditional expression is true.

e Log message : Writes the specified message in the event log.

e Eval expression : Evaluates the specified expression and because Log result is checked by
default writes the result of the evaluation to the event log. Uncheck Log result to evaluate
without logging.
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Data breakpoints

Right click on a watch in run-time (or add a new watch) and choose the menu Break When
Changed. Every time the contents of a watch changes, the execution process will be stop on the
source line were on of the elements of the expression has changed.

Stay on Top
I Project Manager I Call Stack I

b

Breakpoint List I Local variakles  Watch Li T Ctrl+l

[ntMumber] + IntHumber?; [process not acce
[ntHumber! - IntNumberZ: [process not acce
[FkSum: [process not accessible]

dIntMumnberl: [process not accessible]
BlnPozitive: [process not accessible]
[IntSurm »= 0] [process not accessible]

Break YWhen Changed

v Dockable

|“ 420 1 | Irisert S

Debug inspector

e CTRL + click on object
e Inspect in popupmenu of watch

Debug Inspector ﬂ

|E-:Iit'|: TEdit $BF1D0C LI

Diata IMeth-:u:ls F'f':'F'Eftiesl

StdChrlz. T CustamE dit. SelT ext
StdChrlz. TE dit &nchars
StdChrlz. TE dit AutaSelect

(read=5tdChrlz. T CustomE dit GetSelT ext write=StdChils. TCustomE d « |
[akLeft. akTop] [read=Controls. TControl. FAnchors wite=Controls.
True [read=5StdChls. TCustomE dit. FAutoS elect write=StdChrlz. T Cu:

StdChrlz. TE dit AutaSize

True [read=5StdChls. TCustomE dit. FAutoSize wite=StdChls. T Cusgte

StdChrlz. TE dit. BevelE dges

[beleft. beBottam] [read=Contralz. T\ inControl. FB evelE dges wrib

StdChrlz. TE dit. Bevellnner

bvRaized [read=Controlz. T'WinControl FEevellnner wiite=Contrals

StdCtrlz. TE dit. Bevelkind

bkMone [read=Controlz. T'inControl. FEevelkind wite=Controlz. T

StdChrlz. TE dit. Bewelduter

buLowered [read=Controlz. T'WinControl. FEevelluter write=Cantr

StdCtrlz. TE dit. BiDiMode

bdlLeftToRight [read=Controlz. T Control FBiDiMode wite=Contrals

StdClrlz. TE dit. BorderStyle

bzSingle [read=StdChlz. TCustormEdit. FEorderStyle wnte=StdChils.”

StdChrlz. TE dit. CharCaze

ecMommal [read=5tdChls. T CugtomE dit. FCharCaze write=StdChrlz. T

StdChrlz. TE dit. Calor
StdChrlz. TE dit. Canstraints

2147483643 [read=Cantrols. TControl FColar wiite=Contrals T =
$BFA0ER [read=Controlz. TControl FConstraintz wite=Controls. TC

StdCtrlz. TE dit. CH3D

True [read=Controlz. T'inControl. FCH3D wiite=Contralz. T'WinCon

StdChrlz. TE dit. DiragCurzor

-12 [read=Controlz. T Control FDragCurzor write=Contralz. T Control,

StdChrlz. TE dit. Dragkind

dkDrag [read=Controls. T Control. FOragkind write=Controlz. TContr

StdClrlz. TE dit. Draghdode

dmbd anual [read=Controlz. TControl. FDraghdode wiite=Contralz. TC

StdCtrlz. TE dit. Enabled

[read=Controlz. T Control. GetE nabled wriite=Contralz. T Contral. SetE)

StdChrlz. TE dit. Fant

$BFA0CO [read=Controlz. TControl FFont wite=Controlz. TControl &

StdClrlz. TE dit HideSelection

True [read=5tdChrlz. T CustomE dit FHideS election wiite=StdChlz. T - |

[TCalar
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Event log (OutputDebugString)

The Event log window shows all information about

Loaded modules

Processed breakpoints

Breakpoint messages

Developer messages (OutputDebugString, displayed as ODS in log)

The popupmenu can be used to clear the log or save it to file.

The API function OutputDebugString sends a string to the debugger for the current application.

VOID OutputDebugString(
LPCTSTR 1pOutputString // pointer to string to be displayed

):
The parameter IpOutputString points to the null-terminated string to be displayed.

B DebugTechnpas Sl

Del:uugTeu:hnl = v = -

' B B9 L "3

H ([ PFvE | A% 4 |
+ hegin ;I
* IntNumberl := Intl:
* IntHumber: := Inti:
] Int3uwm := IntNumberl + Inthumbersz; J
+ ElnPositive := [(IntSwnm >= 0] :
+ OutputDebugitring (PChar ('Swm = '+IntTo3tr (IntSwm) ) ) ; -
4 | | 3
L Breakpoint List I Local Yarisbles | Watch List  Event Log | Explaring DebugTechn pas | Project Manager I Call Stack I

005: Sum =15 Process Pr_DebugaingT echhiques. exe [$63C) ;I

Source Breakpoint at $00440667; C:\Documents and Settingz'Stefanchiiijn documentenDelphitDebuaT echniqueshDebu
QDS Sum =15 Proceszs Pri_DebuggingT echniques. exe [$63C]
005: Sum =15 Process Pr_DebugaingT echhiques. exe [$63C)
Source Breakpoint at $00440671: C:ADocuments and SettingzStefanchiijn documententDelphitDebuaT echniqueshDebu
0Ds;
K

|" 420 1 | [Tnsert 4

Sum = -8 Procesz Pri_DebugagingT echniques. exe [$53C]
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Ideas for creating your own debug features

eMake a debug menu in your mainform which can be activated by pressing a key combination. In
this menu you can add all kinds of submenus which will show special debug forms.

eMake a form which shows the version of the application, the available system memory, the
windows version, the current user name, ... You can only start to reproduce a problem when you
have all necessary system information. The most important information can also be shown in an
aboutbox so that every user can see this information.

eMake a function ShowDataset which will open a form with a grid, which shows some field
information (name, datatype, ...), the SQL statement of a query, ... This function can be used to
show the contents of a dataset in situations when you are not sure the data is correct.
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Bug prevention

Solve warnings and hints

Solve all hints and warnings. The warnings marked by Delphi can really cause some errors in run-
time.

Items of lists

Never access items of a list without beeing sure that the item really exists.

if objText.Count > 10 then
strText := objText.Strings[10];

Pointers to objects

Use the Assign function to check if an object is still assigned to a pointer. When freeing the object,
also make sure the pointer is set to nil.

if Assigned(objText) then
intCount := objText.Count;

FreeAndNil (objText);
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Try-Finally

Always use a try-finally structure where you have to be sure some actions are executed to finish
what has been started.

e DisableControls & EnableControls : Use the DisableControls of a Dataset to prevent
flickering and to make dataset actions a lot faster.

e Create & Free

e Screen.Cursor:=crHourglass & Screen.Cursor:=crDefault

e GetBookmark & FreeBookmark

Screen.Cursor := crHourGlass;
try
finally

Screen.Cursor := crDefault;
end;

objStrings := TStringList.Create;
try

finally
objStrings.Free;
end;

ptrBookmark := GetBookmark;
try

GotoBookmark(ptrBookmark) ;
finally

FreeBookmark(ptrBookmark) ;
end;
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Try-Except

Make sure the option Stop on Delphi exceptions in the Language exceptions of the Debugger
options is checked.

Use try-except structure for all actions which can go wrong. Make sure the exception is only called
for exceptional cases. An exception is very slow so it is a lot better to add some if conditions if the
exception does occur frequently.

Use the StrTolntDef and StrToDateDef functions to give a default in case the conversion goes
wrong.

Use the raise statement when nesting try-except structures.

Examples with there durations

Try-Except, 100 000 repeats =» 28 seconds, so 100 000 000 =» more then 7 hours

procedure TForml.adtBitBtnlClick(Sender: TObject);
var

i o integer;

t : tdatetime;

a - string;

b : integer;

a = "A";
for 1:=0 to 100000 do
begin
try
b := strtoint(a);
except
end;
end;
adttexteditl.Text := TimeToStr(Now()-t);
end;
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Try-Except, 100 000 000 repeats =» 1 second

procedure TForml.adtBitBtn2Click(Sender: TObject);

. integer;
t : tdatetime;
a string;
integer;

try
b = strtoint(a);
except
end;
end
else
b := 0;
end;
adttextedit2.Text := TimeToStr(Now()-t);
end;

Try-Except, 100 000 000 repeats =» 4 seconds

procedure TForml.adtBitBtn3Click(Sender: TObject);

var
i o integer;

: tdatetime;

. string;

integer;

now() ;
AT

(o} :=0 to 100000000 do

8
=Y QT Q m =
S o

:= strtointdef(a,0);

adttextedit3.Text := TimeToStr(Now()-t);
end;

18
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