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Using palettes 

Setting up a 
palette 

Chapter 7 7, All about GD/ 

Some types of computer display devices are able to show many 
colors, but only a few at once. The system or physical palette is 
the group or selection of colors that are currently available on the 
device for simultaneous display. Windows gives your application 
partial control over what colors go into the device's system 
palette. If your applications use only simple colors, you need not 
use a palette directly. 

However, modifying the system palette affects everything drawn 
on the screen, including other applications. One application could 
make all the others appear with the incorrect colors. The 
Windows palette manager solves this problem by mediating 
among applications trying to change the system palette. Windows 
provides each application with a logical palette, which is the 
group of colors needed by the application. The palette manager 
maps the requested colors from the logical palette to the available 
colors in the system palette. If the requested color is not currently 
listed in the system palette, the palette manager can add the color 
to the system palette. If the logical palette specifies more colors 
than the system palette can hold, additional colors are matched to 
the closest available color in the system palette. 

When an application becomes active, it has the option to fill the 
system palette with colors from its logical palette. This action 
might force out colors specified by another application's logical 
palette. In any case, Windows reserves 20 permanent colors in the 
system palette to generally preserve the color scheme of every 
application, and Windows itself. 

Like the pens and brushes described in the "Drawing tools" 
section, logical palettes are drawing tools. To create a logical 
palette, use the CreatePalette function, which takes a pointer to a 
TLogPalette data record, creates a new palette, and returns a 
handle to the palette, which can be passed to SelectPalette to select 
the palette into a display context. The TLogPalette record contains 
fields for the Windows version number (currently $0300), the 
number of palette entries, and an array of palette entries. Each 
palette entry is a record of type TPaletteEntry. The TPaletteEntry 
type has three byte fields for color specification (peRed, peGreen, 
and peBlue) and one for flags (peFlags). 

261 



262 

Drawing with 
palettes 

GetStockObject(Dejault_Palette) creates a default palette containing 
the 20 colors which are always present in the system palette. 

Once the application selects its palette into the display context by . 
using SelectPalette, it must "realize" the palette before using it. 
This is done with the Windows function RealizePalette: 

ThePalette := CreatePalette(@ALogPalette); 
SelectPalette(TheDC, ThePalette, 0); 
RealizePalette(TheDC); 

RealizePalette puts the colors from your application's logical 
palette into the device's system palette. First Windows matches 
colors which are already in the system palette, then it adds your 
new colors to the system palette as long as there is room. Finally, 
colors that couldn't be matched to identical colors in the system 
palette are matched to the most similar color in the system palette. 

Your application should realize its palette before drawing, just as 
it would select its other drawing tools. 

Once your application's palette is realized, your application can . 
draw with its colors. You can specify palette colors either directly 
or indirectly. To specify a palette color directly, use a palette­
index TColorRef A palette-index TColorRef is a Longint value with ' 
the high-order byte set to 1 and the index of a logical-palette entry 
in the two low-order bytes. For example, $01000009 specifies the 
ninth entry in a logical palette. This value can be used anywhere a 
TColorRef argument is expected. For example: 

ALogPen.lopnColor := $01000009; 

If your display device allows full 24-bit color with no system 
palette, using a palette index unnecessarily limits you to the 
colors in your logical palette. To avoid this limitation, you can 
specify palette colors indirectly by using a palette-relative 
TColorRef value. A palette-relative TColorRef is the same as an 
explicit RGB TColorRef, except that the high-order byte is set to 2. 
The lower three bytes hold the RGB color value. For example;. 
$020000FF would specify a palette-relative TColorRef value for 
pure red. If the device supports a system palette, Windows will 
match the RGB information to the closest color in the selected 
logical palette; if the device does not support a system palette, 
then the TColorRef is used as if it specified an explicit RGB value. 
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Querying a 
palette 

Modifying a 
palette 

Chapter 17, All about GD/ 

Windows defines a function that allows you to get information 
about a palette. GetPaletteEntries takes an index, a range, and a 
pointer to a TPaletteEntry, and fills the buffer with the specified 
palette entries. 

There are two ways to change entries in a logical palette. The 
SetPaletteEntries function takes the same arguments as 
GetPaletteEntries and changes the specified entries to those 
pointed to by the third argument. Note that changes are not 
mapped into the system palette until RealizePalette is called and 
don't become visible until the client area is redrawn. The 
AnimatePalette function takes the same arguments as 
SetPaletteEntries but is used when an application wants to change 
the palette quickly and to make those changes immediately 
visible. When AnimatePalette is called, palette entries with the 
peFlags field set to the constant pc_Reserved will be replaced with 
the corresponding new entries and immediately mapped to the 
system palette. Other entries will not be affected. 

For example, you might want to get the first ten entries in a 
palette, change their values by increasing their red content and 
decreasing their blue and green content, and make the changes 
take effect (assuming some of the palette entries had pc_Reserved 
set): 

GetObject(ThePalette, SizeOf(NumEntries), @NumEntries); 
if NumEntries >= 10 then 
begin 

GetPaletteEntries(ThePalette, 0, 10, @PaletteEntries); 
for i := 0 to 9 do 
begin 

PaletteEntries[i].peRed := PaletteEntries[i] .peRed + 40; 
PaletteEntries[i] .peGreen := PaletteEntries[i] .peGreen - 40; 
PaletteEntries[i].peBlue := PaletteEntries[i] .peBlue - 40; 

end; 
AnimatePalette(ThePalette, 0, 10, @PaletteEntries); 

end; 

Instead of AnimatePalette we could have used: 

SetPaletteEntries(ThePalette, 0, 10, @PaletteEntries); 
RealizePalette(ThePalette); 
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and then redrawn the window to see the colors change. 

Responding to 
palette changes When a window receives a wm_PaletteChanged message, it is an 

indication that the active window has changed the system palette 
by realizing its logical palette. The receiving window may 
respond in one of three ways: It can do nothing (very fast but may 
lead to incorrect colors), it can realize its logical palette and 
redraw itself (slower but colors will be as correct as possible), or it 
can realize its palette and then use the UpdateColors function to 
quickly update the client area to the system palette. UpdateColors 
is generally faster than redrawing the client area, though there 
may be some loss of color accuracy when it is used. The WParam 
field of the TMessage record passed in a wm.:...PaletteChanged 
message contains the handle of the window that realized its 
palette. If you realize your logical palette in response, first make 
sure that this handle is not the handle of your window so you 
don't create an endless loop. 
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The following program creates and realizes a logical palette with 
eight colors in it. When you click with the left button it draws a 
square with each color. When you click with the right button it 
rotates the colors in the logical palette. A palette-index TColorRef 
is used, so when the logical palette is changed and the boxes 
redrawn their colors will change. You may find the function 
Palettelndex useful when using palette-index TColorRefs. 

The complete file, P ALTEST.P AS, can be found on your 
distribution disks. 
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18 

Resources in depth 

Windows programs are easy to use because they provide a 
standard user interface. For example, most Windows programs 
use menus to let you implement program commands and cursors 
to let the mouse pointer represent a wide variety of tools, such as 
arrows or paint brushes. 

Menus and cursors are two examples of a Windows program's 
resources. Resources are data stored in a program's executable 
(.EXE) file, but stored separately from the program's normal data 
segment. Resources are designed and specified outside the 
program code, then added to the program's compiled code to 
create a program's executable file. 

These are the resources you will create and use most often: 

•Menus 
•Dialog boxes 

•Icons 

•Cursors 

• Keyboard accelerators 
•Bitmaps 
• Character strings 

Typically, Windows leaves resources on disk when it loads an 
application into memory, and loads individual resources as it 
needs them during program execution. Except in the case of 
bitmaps, when Windows is done with the resource, it discards it 
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from memory. If you want the resource to be loaded when the 
program is loaded, or if you don't want Windows to be able to 
discard the resource from memory, you can change its attributes. 
See the Whitewater Resource Toolkit for details on how to create or 
modify resources. 

Creating resources 

You can create resources using a resource editor or a resource 
compiler. Turbo Pascal for Windows supports both methods, so 
you can choose whichever approach is more suitable. In most 
cases it is easier to use a resource editor and create your resources 
visually. However, it is sometimes convenient to use a resource 
compiler to compile resource script files that appear in books or 
magazines. 

Regardless of which approach you take, you normally create a 
resource file (.RES) for each application. This resource file will 
contain binary informationfor all of the menus, dialogs, bitmaps, 
and other resources used by your application. 

The binary resource file (.RES) is added to your executable file 
(.EXE) during compilation by using the $R compiler directive as 

· described in this chapter. You must also write code that loads the 
resources into memory. Each resource must be loaded into 
memory separately. This gives you flexibility, since your program 
will only use memory for the resources that are currently 
required. Loading resources into memory is explained in this 
chapter. 

Adding resources to an executable 
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Once the resources are stored in binary format in a .RES file, they 
must be added to the program's executable (.EXE) file. The result 
is a file that contains the application's compiled code as well as its 
resources. 

There are three ways to add resources to an executable file: 

•Use the resource editor to copy resources from a .RES file into 
the program's already-compiled .EXE file. See the Whitewater 
Resource Toolkit for instructions. 
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• Specify a directive in the source code file. For example, this 
Pascal program: 

program SampleProgram; 

{$R SAMPPROG.RES} 

adds the resource file SAMPPROG.RES to the executable file. 
Each Pascal program can have only one resource file (although 
that resource file can include other resource files). All the files 
must be .RES files that store the resources in binary format. The 
$R compiler directive allows you to specify a single .RES file. 

•Use the Resource Compiler, as explained in this chapter. 

Running the Resource Compiler 

The use of resource editors is described fully in the Whitewater 
Resource Toolkit. 1his section provides a brief overview of how to 
use the Microsoft Resource Compiler to create resource files. 

The Resource Compiler is a DOS application that takes a resource 
script file as input and generates a binary resource file. The 
Resource Compiler can also add the resources directly to the 
executable file, thereby eliminating the need to use Turbo Pascal's 
$R directive to add resources to a program. 1his is useful if you 
want to change the resources of an executable program when you 
don't have access to the Pascal source code. 

The Resource Compiler is run at the DOS prompt or in a DOS 
window in Windows. The format is: 

RC [options] <.RC input file> [.EXE output file] 

where items in square brackets are optional. 

For example: 

RC -r SAMPPROG.RC 

1his creates a file, SAMPPROG.RES, from the input script file 
SAMPPROG.RC. The SAMPPROG.RES file must then be attached 
to the executable SAMPPROG.EXE file with the Turbo Pascal $R 
compiler directive, or by running the resource compiler on the 
.RES file: 

RC SAMPPROG.RES 
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Table 18.1 
Resource Compiler 

command-line options 

Resource 
Compiler script 

files 

This attaches the existing binary resource file to the 
SAMPPROG.EXE file without requiring the use of the Turbo 
Pascal compiler. 

Alternatively, you can combine both steps to directly modify an 
existing .EXE file to update the resources. In this case, use the 
command: 

RC SAMPPROG.RC 

This creates a SAMPPROG.RES file from the input script file 
SAMPPROG.RC and appends it directly to the SAMPPROG.EXE 
file, replacing any existing resources. 

In either case, the Pascal program SAMPPROG.PAS must include 
commands for loading the resources into memory. 

Valid command-line options for the Resource Compiler are: 

Option Meaning 

-r Create a .RES file 
-1 Create an application that uses LIM 3.2 EMS 
-e Create a driver which uses EMS memory 
-m Set multiple instance flag 
-p Create a private library 
-t Create a protected mode only application 
-v Verbose (print progress messages) 
-d Define a symbol 
-fo Rename .RES file 
-fe Rename .EXE file 
-i Add a path for INCLUDE searches 
-x Ignore INCLUDE environment variable 
-k Keep segments in .DEF file order (do not sort segments for 

fast load) 

The .RC input script file is a text definition of the resources that 
will be compiled into binary format. Specifying resources using 
the Resource Compiler format is much like writing a program. 
Rather than provide an exhaustive definition of the Resource 
Compiler script language, a few examples should give you 
everything you need to know to compile and edit script files. 
Remember, in most cases it is easier to use a resource editor to 
create complex resources. You can also generate the script files 
directly from the resource editor if you like. 
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The sample below shows a typical resource script file, 
SAMPPROG.RC. 

Chapter 78, Resources in depth 

SAMPPROG.RC --a sample resource script file 
--this script illustrates the use of icons, strings, 

menus, and dialog resources in Windows 
--this script would be compiled with the resource 

compiler and then appended to the pascal program 
using the $R compiler directive 

include C-style header .files for constant definitions: 

#include <windows.h> 
#include <wobjects.h> 
#include <sampprog.h> 

; define icons in separate files 

Sampleicon ICON sample.ice 

; strings can be defined numerically or symbolically 

STRINGTABLE 
BEGIN 

ids_NoProgrm, "Program unavailable" 
ids_Invalid, "Invalid entry" 
ids _Fatal, "Fatal error!" 

other strings go here 

END 

; Menus define commands for the user 

SampleMenu MENU 
BEGIN 

POPUP "&File" 
BEGIN 

MENUITEM "&New .. \tCtrl+N", 
MENUITEM "&Open .. \tCtrl+O", 
MENUITEM "&Save .. \tCtrk+S", 
MENUITEM SEPARATOR 
MENUITEM "&Print \tCtrl+P", 

END 
POPUP II &Edit II 

BEGIN 
MENUITEM "&Undo \tAlt+BkSp", 
MENUITEM SEPARATOR 
MENU ITEM "&Cut \ tShift +Del", 
MENUITEM "C&opy \tins", 
MENUITEM "&Paste \tShift+Ins", 
MENUITEM "&Delete \tDel", 
MENUITEM "C&lear All \tCtrl+Del", 

cm FileNew 
cm_FileOpen 
cm FileSave 

cm FilePrint 

cm EditUndo 

cm EditCut 
cm_EditCopy 
cm EditPaste 
cm EditDelete 
cm EditClear 
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END 
POPUP "&View" 

BEGIN 
MENUITEM "Summary \tF2", 
MENUITEM "Graph \tF3", 

END 

cm_ViewSurrunary 
cm_ViewGraph 

END 

; Accelerators provide "hot keys" to menus, corrunands 

SampleAccelerators ACCELERATORS 
BEGIN 

nAn" I cm FileNew 
"Ao", cm_FileOpen 
"As", cm FileSave 
"Ap", cm FilePrint 
VK_DELETE, cm_EditCut, VIRTKEY, SHIFT 
VK_INSERT, cm_EditCopy, VIRTKEY 
VK_INSERT, cm_EditPaste, VIRTKEY, SHIFT 
VK_DELETE, cm_EditDelete, VIRTKEY 
VK_DELETE, cm_EditClear, VIRTKEY, CONTROL 
VK_BACK, cm_EditUndo, VIRTKEY, ALT 
VK_F2, cm_ViewSurrunary, VIRTKEY 
VK_F3, cm_ViewGraph, VIRTKEY 

END 

; Dialog boxes display information to the user 

AboutBox DIALOG 20, 20, 160, 80 
CAPTION "About SAMPPROG" 
STYLE DS_MODALFRAME I WS_CAPTION WS SYSMENU 
FONT 8, "Helv" 
BEGIN 

CTEXT "Sample Program" 
CTEXT "Written in Turbo Pascal" 
CTEXT "for Windows 3.0" 
ICON "Sample_Icon" 
DEFPUSHBUTTON "OK", 

END 

FileOpen DIALOG 20, 20, 204, 124 
CAPTION "File Open" 

-1, O, 
-1, 0, 
-1, 0, 
-1, 8, 

IDOK, 60, 

STYLE DS MODALFRAME WS CAPTION WS SYSMENU 
FONT 8, "Hel v" 
BEGIN 

10, 
26, 
36, 
8, 

56, 

"File&name: ", -1, 6, 8, 36, 

160, 
160, 
160, 

0, 
40, 

10 

10 
10 
10 

14 

LTEXT 
EDITTEXT 
LTEXT 
LTEXT 
LTEXT 
LISTBOX 

100, 42, 6, 98, 12, ES AUTOHSCROLL 
"Directory:", -1, 6, 20, 36, 10 

101, 42, 20, 98, 10 
"&Files:", -1, 6, 32, 64, 10 
102, 6, 44, 64, 82, WS TABSTOP I WS_VSCROLL LBS SORT 
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Resource 
Compiler hints 

LTEXT "&Directories:", -1, 76, 32, 64, 10 
LISTBOX 103, 76, 44, 64, 82, WS_TABSTOP I WS_VSCROLL LBS SORT 
DEFPUSHBUTTON "OK", IDOK, 146, 6, 50, 14 
PUSHBUTTON "Cancel", IDCANCEL, 146, 24, 50, 14 

END 

The header file SAMPPROG.H consists of C-style constant 
definitions. A typical header file is shown below: 

/* SAMPPROG.H --header file of constants for SAMPPROG.RC */ 

#define ids_NoProgrm 601 
#define ids Invalid 602 
#define ids Fatal 603 

#define cm FileNew 701 
#define cm FileSave 702 
/* 

other constants included here 

*/ 

A few things to note about the Resource Compiler script 
programming language: 

1. Comments begin with semi-colon(;) and run to the end of the 
line, or you can use C-style comments, text between /* and *I. 

2. Resource Compiler is not case sensitive with keywords such as 
BEGIN, END. 

3. Resource Compiler is case sensitive to symbolic names, such as 
cmFileNew, AboutBox. 

4. Resource Compiler is not sensitive to the use of whitespace. 

5. You must use the #include directive to include header files of 
constants. These are defined using the C-style #define 
command. 

6. You can use the #rcinclude directive to include other resource 
script files (*.RC or *.DLG); for example, to include compiled 
dialog boxes. 

7. It is best to use symbolic constant names, rather than numbers, 
for constants such as string IDs, menu command IDs, and so 
on. These are normally defined using C-style constant 
definitions in a header file. You will also need to define Pascal 
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constants in your programs to refer to these constants 
symbolically. 

8. Each menu item constant command ID and string ID must be 
unique. 

9. Menus can be nested arbitrarily, thereby giving hierarchical 
menus. 

10. Inside menu and dialog control items, the ampersand(&) tells 
the program to underline the next character. The underlined 
menus or dialog controls can be accessed by pressing the Alt 
key and the underlined letter. 

11. Inside menu items, the text \ t generates a tab character to line 
up text. This is often used to line up keyboard command 
equivalents. 

12. Hot keys must be defined in an accelerator table. The text 
included in menus does not automatically create accelerators. 

13. Controls such as static text which are never accessed under 
program control normally have the ID -1. 

14. Dialog and control locations are defined in the order Left, Top, 
Width, Height. 

15. Menu items, dialogs, and dialog control items, such as 
scrollbars, edit fields, and buttons, can be modified with 
Windows-style constants. Add them using the bitwise or 
operator, which is a vertical bar ( I ). For example, control items 
can have the styles WS_CHILD, WS_TABSTOP, and 
WS_BORDER. 

16. Resource script files must be compiled using the Resource 
Compiler. 

17. In most cases it is easier to use a resource editor rather than 
write complex resoure definitions using script files. 

18. You must include code in your Turbo Pascal program to load 
and use the resources. 

Loading resources into an application 
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Once a resource has been added to the executable file, it must be 
explicitly loaded by the application before making use of it. The 
specific way to load a resource depends on the resource type. 
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Loading menus 
A window's menu is one of its creation attributes. In other words, 
it's a characteristic of the window that must be specified before 
the window's corresponding element is created (by a Create 
method). Therefore, a menu can be specified in the window type's 
Init constructor or sometime soon after construction. Menu 
resources are loaded by calling the LoadMenu Windows function 
with the menu ID string when a new window object is construc­
ted. For example, 

constructor SampleMainWindow.Init(AParent: PWindowsObject; 
ATitle: PChar); 

begin 
TWindow.Init(AParent, ATitle); 
Attr.Menu := LoadMenu(Hinstance, PChar(lOO)); 

end; 

The code PChar(lOO) casts the integer 100 to the type PChar, the 
Windows-compatible string type. 

LoadMenu loads the menu resource with an ID of 100 into the new 
window object. A resource can have a symbolic name (a string), 
such as 'SampleMenu', rather than a numerical identifier. In that 
case, the previous code would look like this: 

constructor SampleMainWindow.Init(AParent: PWindowsObject, 
ATitle: PChar) ; 

begin 
TWindow.Init(AParent, ATitle); 
Attr.Menu := LoadMenu(Hinstance, 'SampleMenu'); 

end; 

For more information on creating window objects, see Chapter 10, 
"Window objects." 

To process a menu selection, simply define a method for the 
window that owns the menu, using the special method definition 
header extension with the cm_First identifier: 

procedure HandleMenulOl(var Msg: TMessage); virtual cm_First·+ 101; 

Note that 101 is the ID of the menu item selected (not of the menu 
resource itself). Each menu item has a unique integer ID. In this 
method, have the tasks appropriately respond to the menu 
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Loading 
accelerator 

tables 

Loading dialog 
boxes 

selection. Usually, you will want to define symbolic constants for 
your menu commands. 

Accelerators are hot keys, or keyboard shortcuts, used to issue an 
application command. Typically, accelerators are defined as 
substitutes for menu choices. For example, the delete key is a 
standard accelerator that can be used as an alternative to choosing 
Delete from an Edit menu. Accelerators can, however, implement 
commands that don't correspond to menu items. 

Accelerator resources are stored inan accelerator table. To load an 
accelerator table, use the LoadAccelerators Windows function, 
which simply returns a handle to the table. Unlike a menu 
resource, which is associated with a particular window, an 
accelerator resource belongs to the entire application. Each 
application can only have one. Application objects reserve one 
object field, HAccTable, to store a handle to the accelerator 
resource. Usually, you will load the accelerator resource in the 
application object's Initlnstance method: 

procedure SampleApplication.Initinstance; 
begin 

TApplication.Initinstance; 
HAccTable := LoadAccelerators(Hinstance, 'SampleAccelerators'); 

end; 

Often, you will want to define accelerator keys as shortcuts for 
menu selections. For example, Shift-Ins is usually used as a shortcut 
for Paste. Accelerator selections generate a command-based 
message identical to the ones generated by menu selections. To 
associate the menu selection's response method with the 
corresponding accelerator key, make sure the accelerator's value 
as defined in the resource is identical to the menu item's ID. 

Dialog boxes are the only resource type to have directly­
corresponding ObjectWindows object types. TDialog and its 
descendant types, including TDlgWindow, define interface objects 
that use dialog box resources. Each dialog box object is typically 
associated with one dialog box resource, which specifies its size, 
location, and assortment of controls, such as buttons and list 
boxes. 
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Loading cursors 
and icons 

Specify a dialog box object's resource when the dialog box is 
constructed. As with menu and accelerator resources, a dialog 
resource may have a symbolic name or an integer ID. For 
example, 

ADlg := New(PSampleDialog, Init(@Self, 'AboutBox')); 

or 

ADlg := New(PSampleDialog, Init(@Self, PChar(120))); 

For more information on creating dialog objects, see Chapter 5, 
"Holding a dialog." 

Each window object type has special attributes called registration 
attributes. Among these attributes are the window's cursors and 
icons. To set these attributes for a window type, you must define a 
method called GetWindowClass (as well as one called 
GetClassName). 

For example, assume you've created a cursor for selecting items in 
a list box. The cursor looks like an index finger and is stored as a 
cursor resource named 'Finger'. In addition, you've created an 
icon resource named 'Samplelcon' that looks like a happy face. 
You would write the GetWindowClass method as follows: 

procedure SampleWindow.GetWindowClass(var AWndClass: TWndClass); 
begin 

TWindow.GetWindowClass(AWndClass); 
AWndClass.hCursor := LoadCursor(Hinstance, 'Finger'); 
AWndClass.hicon := Loadicon(Hinstance, 'Sampleicon'); 

end; 

One difference between cursors and icons, however, is that the 
cursor is specified for one window, while the icon represents the 
entire application. Thus, set the icon in the object type for the 
main window only. One exception to the one-icon-per-application 
rule is an application that follows the multiple document interface 
(MDI) standard, for which each MDI child window has its own 
icon. 

In order to use one of Windows' stock cursors or icons, pass 0 in 
place of Hlnstance and use an idc_ value, such as idc_IBeam, for 
cursors or an idi_ value, such as idi_Hand, for icons. For example, 

procedure SampleWindow.GetWindowClass(var AWndClass: TWndClass); 
begin 
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Loading string 

TWindow.GetWindowClass(AWndClass); 
AWndClass.hCursor := LoadCursor(O, idc_IBeam); 
AWndClass.hicon := Loadicon(O, idi_Hand); 

end; 

For more information on window registration attributes, see 
Chapter 10, "Window objects." 

resources The principal reason for defining an application's strings as re­
sources is to make it easy to customize the application for particu­
lar uses or to translate the application into other languages. If the 
strings are defined within the source code, you have to tamper 
with the source code to alter or translate the strings. If they're 
defined as resources, the strings are stored in a string table within 
the application's executable file. You can then use the string editor 
to translate strings in the string table without altering or even 
accessing the source code. Each executable file can have only one 
string table. 

To load a string from the string table into a buffer in your 
application's data segment, use the LoadString function. The 
syntax for LoadString is 

LoadString(Hinstance, StringID, @Textitem, SizeOf(Textitem)); 

• The StringID parameter is the string's ID number, such as 601, in 
the string table. You can substitute a constant for this number. 

•The @Textltem parameter is a pointer to a character array 
(PChar) that receives the string. 

•The SizeOf(Textitem) parameter is the maximum number of 
characters to transfer into @Textltem. The maximum size of a 
string resource is 255 characters, so passing a buffer of 256 
characters guarantees getting the entire string. 

LoadString returns the number of characters copied to the buffer, 
or zero if the resource does not exist. 

You can use a string resource to display text within a message 
box. For example, you might want to display an error message. In 
this example, assume you define the string 'Program unavailable' 
in a string table and define the constant ids_NoPrgrm for that 
string's ID. To use that string resource in an error box, you could 
write the following procedure: 

procedure TestDialog.RunErrorBox(ErrorNumber: Integer); virtual; 
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Loading bitmaps 

var 
Textitem: array[0 .. 255] of Char; 

begin 
LoadString(Hinstance, ids_NoPrgrm, @Textitem, 20); 
MessageBox(HWindow, @Textitem, 'Error', rnb OK or 

rnb_IconExclamation); 
end; 

This example loads a single string into an error box. To load a list 
of strings into a list box, call LoadString to obtain each string, then 
call AddString to add it to the list box. 

Another use for string resources is for menu items that are added 
or appended to a menu in your source code. In this case, first 
obtain the string resource with LoadString. Then pass the string as 
a parameter in calls to the Windows functions CreateMenu and 
AppendMenu. For example, 

constructor SampleWindow.Init(AParent: PWindowsObject; ATitle: 
PChar); 
var 

Textitem: array[0 .. 255] of Char; 
begin 

TWindow.Init(AParent, ATitle); 
Attr.Menu := LoadMenu(Hinstance, PChar(lOO)); 
LoadString(Hinstance, 301, @Textitem, 20); 
AppendMenu(Attr.Menu, mf_String or mf_Enabled, 501, @Textitem); 

end; 

The LoadBitmap Windows functions load bitmap resources. 
LoadBitmap loads the bitmap into memory and returns its handle. 
For example, 

HMyBit := LoadBitmap(Hinstance, PChar(501)); 

loads the bitmap resource identified by 501 and stores the resul­
ting bitmap handle in the variable HMyBit. Once a bitmap is 
loaded, it will stay in memory until you explicitly delete it. Unlike 
the other resources, it will remain even after the user has closed 
your application. 

Windows supplies a number of predefined bitmaps that are used 
as part of the Windows graphical interface. Your application can 
load these bitmaps, such as obm_DnArrow, obm_Close, and 
obm_Zoom. Like predefined icons and cursors, predefined bitmaps 
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can be loaded by substituting zero for Hinstance in the LoadBitmap 
call: 

HMyBit := LoadBitrnap(O, PChar(obrn_Close)); 

Once the bitmap is loaded, it can be used in your application in 
several principal ways: 

•To draw a picture on the display. For example, you can load a 
bitmap into the application's About box to draw the 
application's logo. 

•To create a brush you can use to fill an area of the display or to 
serve as a window's background. By creating a brush with a 
bitmap, you can fill a background area with a striped pattern, 
for example. 

•To display pictures rather than text for menu items, or items in 
a list box. For example, you might display the picture of an 
arrow for a menu selection, rather than displaying the menu 
text' Arrow'. 

For more information about using bitmap graphics, see Chapter 
17, "All about GDI." 

You should delete a bitmap from memory when it is not in use. 
Otherwise, the memory it takes up is unavailable to other 
applications. If you don't delete it as soon as your application is 
finished with it, you should delete it before the application 
terminates. 

Delete the bitmap from memory with the Windows function 
DeleteObject: 

if DeleteObject(HMyBit) then { successful }; 

Once the bitmap is deleted, the handle is invalidated and cannot 
be used. 

You can use bitmaps to create brushes that can fill an area on the 
display. The area can be filled with a solid color, or it can form a 
pattern. 

The minimum size of a bitmap used as a brush is 8 by 8 pixels. If 
you use a larger bitmap, only the upper-left 8 by 8 corner is used 
in the brush. 
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Figure 18.l 
Striped pattern filling an area 

on the display 

Figure 18.2 
Bitmap resource to create a 

brush for the pattern in Figure 
18.l 

Assume you want to fill an area with the striped pattern, as 
shown in Figure 18.1. To do so, you can use a resource editor to 
create the pattern of two stripes shown in Figure 18.2, which can 
be as small as 8 by 8 pixels. Then, in your source code, you can 
load the bitmap and create a brush with it. To fill the entire area 
shown in Figure 18.l, Windows copies the brush repeatedly. 

@li[ll'&W* Bitmap drawing test lili 
.Eile Help 

The actual bitmap is only 8 by 8 pixels, but the brush can be used 
to fill the entire display. 

The following code sets the bitmap pattern into the brush: 

procedure SampleWindow.MakeBrush; 
var 

MyLogBrush: TLogBrush; 
begin 

HMyBit := LoadBitmap(Hinstance, PChar(502)); 
MyLogBrush.lbStyle := bs_Pattern; 
MyLogBrush.lbHatch := HMyBit; 
TheBrush := CreateBrushindirect(@MyLogBrush); 

end; 
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To test the pattern, display it in a rectangle: 

procedure MyWindow.Paint(PaintDC: HDC; var Paintinfo: TPaintStruct); 
begin 

SelectObject(PaintDC, TheBrush); 
Rectangle(PaintDC, 20, 20, 200, 200); 

end; 

You should delete the bitmap and the brush after using the brush: 

DeleteObject(HMyBit); 
DeleteObject(TheBrush); 

To display a bitmap in a menu, use the ModifyMenu function. It 
changes an existing item so it displays a bitmap rather than the 
menu text defined for the item in a Menu editor. For example, this 
Init constructor adds and modifies a window's menu: 

type 
MyLong = record 

case Integer of 

end; 

0: (TheLong: Longint); 
1: (Lo: Word; 

Hi: Word); 

constructor SampleWindow.Init(AParent: PWindowsObject; ATitle: 
PChar); 
var 

ALong: MyLong; 
begin 

TWindow.Init(AParent, ATitle); 
Attr.Menu := LoadMenu(Hinstance, PChar(lOO)); 
ALong.Lo := LoadBitmap(Hinstance, PChar(503)); 
ModifyMenu(Attr.Menu, 111, mf_ByCommand or mf_Bitmap, 211, 

PChar(ALong.TheLong)); 

end; 

In the above code, 111 is the command ID of the menu selection to 
be changed, and 211 is its new ID. You can use the same ID for 
both, however. 
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Figure 18.3 
A menu that uses a bitmap 

as one of its selections 
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Standard application guidelines 

One of the primary reasons for developing Windows-based soft­
ware is its ease of learning and use. Windows users experience 
significant productivity gains primarily because operations 
common among programs are accessed in the same way. For 
example, the Edit menu has the same menu items and keyboard 
shortcuts in word processors, painting, and drawing applications. 
In other words, if you know how to use one Windows appli­
cation, you know how to use them all. 

To formalize the guidelines for common operation access, IBM 
has published a set of rules called Common User Access (CUA). 
While intended for OS/2 Presentation Manager applications, the 
CUA guidelines are just as appropriate for Windows applications, 
and are considered the industry standard. This section is based on 
IBM's published CUA guidelines. 

Design principles 

There are two primary goals of a CUA-compliant application: 
make users feel confident about the results of their actions, and let 
them control the flow of events. 
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Provide responses 
the user expects The best way to make users feel confident is to ensure that the 

application responds in a consistent, dependable manner. 
Suggestions include: 

• Use metaphors. If you model the application's behavior on 
something the users are familiar with, such as an existing 
paper-based system, they will have a better understanding of 
the application's underlying conceptual model. Plus, the users 
will feel comfortable sooner with the application. 

• Be consistent. Implement consistency in your application's 
appearance and use. Use common commands (choosing menus, 
clicking icons, and so on) for common operations. Make screens 
for similar tasks look similar. 

•Avoid modes. A mode is a state of the application where the 
users have restricted access to some features. It is often misused 
to force user activity in one particular direction. It is OK to use 
modes for short error messages, or during tool selection. For 
example, when the cursor is a pen, the user can draw but not 
drag around shapes. Be sure to provide visual acknowledge­
ment of the mode, such as a different cursor or grayed menu 
items. 

Allow the user to 
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control the flow The users will feel more confident and in control if they can dic­
tate the path of activity. Allowing users to feel in control dispels 
some of the mystery surrounding computer applications. The 
program becomes an appliance. 

• List options visually. Provide a visual list of available actions 
the user can take. Common methods include a palette of tools 
or colors and a menu of options. 

• Provide feedback. Every user action should result in visual or 
audio feedback. 

• Encourage exploration. Don't penalize users for exploring 
options. Often, this is the best way to learn a new application. 
Be sure to include an Undo option. 
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Standard appearance and behavior 

General 

Much of the Windows standard for application appearance and 
behavior is evident in the Program Manager and the supplied 
sample programs. For example, every application appears in a 
main window. Mouse clicks and double-clicks generally have the 
same effect from one application to the next. 

presentation •Use the object~action process. A typical sequence of events for 
an application's operation is this: the user selects an item or 
object, and then performs an action on it. For example, in a 
word-processing application, the user might select text and 
then change its font or size. In a drawing program, the user 
might select a rectangle and then move it to a new location on 
the screen. While there are a number of ways to select objects, 
and even more ways to select actions, you should try to stick to 
this general model. 

Mouse and 
keyboard 

interaction 

•Choose your windows wisely. A Windows application can 
appear in one or more windows. To design your application for 
optimum use, you should be aware of the different window 
types and their uses. The main window should unify the 
application, serving as its backbone. It actually represents the 
application in that minimizing it to an icon suspends the 
application's operation. The main window can also allow the 
user to choose a full-screen, or maximized, state. Secondary 
windows, such as popup windows and dialog boxes, should be 
spawned by the main window as a result of some main window 
action. Popup windows can represent an entirely separate 
module of the application, but should not be minimized. 

• Show object selection. When an object has been selected with a 
mouse click, provide a visual clue, such as a set of rectangles on 
its comers or a change in color or thickness. The selection mark 
should not permanently affect the object. After the user takes an 
action on the object, retain the selection. This allows the user to 
take additional actions. Deselect the object when the user selects 
something else. 
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----·---~---- ---------~·---------------

• Do not restrict the mouse pointer. The mouse pointer should be 
free to move from one window or application to another. Do 
not limit its movement. Also, do not force its movement inde­
pendent of the mouse. This will break the physical relationship 
between the mouse pointer and the mouse. 

•Use the keyboard selection cursor. The keyboard selection 
cursor marks the spot future keyboard input will affect. For 
example, the blinking caret represents the keyboard selection 
cursor in a word-processing application. The keyboard selection 
cursor exists independently of the mouse pointer. The two are 
joined when mouse is clicked, however. 

• Mark the input focus. The input focus is the point on the screen 
that is currently accepting input through the keyboard or 
mouse. For example, if the user selects a drop-down menu, that 
menu has the input focus. If the user highlights text, that text 
has the input focus. Always visually mark the object that has 
the input focus. For example, selected menu items are com­
monly displayed in reverse video and controls in a dialog are 
circumscribed with a dotted line. Often, when the user is 
dragging the mouse to select a group of items, the dragging 
area is circumscribed with an animated dotted line called a 
marquee. 

• Design a keyboard interface. Use arrow keys, tabs, and 
keyboard accelerators to provide an alternative for users who 
don't have a mouse or care not to use it. 

• Conform to mouse click conventions. Windows uses, but does· 
not enforce, certain mouse clicking conventions. In general, use 
the left mouse button for selecting and manipulating objects, 
and the right button for other tasks, such as changing modes or 
bringing up a popup list of options. for the left mouse button, 
conform to the following conventions: · 

Click selects an object. 

Double-click selects an object and causes some default or implied 
action. 

Click-drag manipulates the object's size and position or selects 
and highlights text. 
Ctrl-click adds the selected object to a set of previously selected 
objects. 

Shift-click extends a range of previously selected set of objects 
between the set's first object (its anchor) and the clicked object. 
(See the Windows File Manager for an example.) 
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Menus 
Windows already provides and enforces a fairly rigid standard 
for a pull-down menu's appearance. However, you do have some 
control over the styles you choose and the options you decide to 
implement. For example, you should use unique mnemonics for 
keyboard access to each top-level and drop-down menu item. You 
should use an ellipsis ( ... ) following a menu item whose selection 
results in a dialog box. Use graying to mark a menu item as 
inactive. 

Most applications, whether for graphics, business, education, 
science, or engineering, perform a particular set of operations for 
file manipulation, editing, and access to the help system. For this 
reason, CUA requires particular formats for File, Edit, and Help 
menus. In addition, it offers guidelines for View and Options 
menus. CUA requires that you put the top-level menu items in 
the following order, where Help is always last, regardless of how 
many other menus there are. 

In order to produce help files that can be read by the Windows 
help system, you need to obtain the Help Compiler utility from 
Microsoft. 

Figure 19.l I Eile fdit ~iew .Qptions .!::!.elp 
CUA standard menu bar 

Figure 19.2 
CUA-recommended File 

menu items 

The following figures depict CUA-recommended menu items. 
Notice the recommended keyboard accelerators that appear next 
to some of the menu items. 

.Qpen ... 

,l;iave 
Save _AS ••• 

Erint 

E~it 

.Qptions Jjelp 
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Figure 19.3 
CUA-recommended Edit 

menu items 

Figure 19.4 
CUA-recommended View 

menu items 

Figure 19.5 
CUA-recommended Options 

menu items 

Figure 19.6 
CUA-recommended Help 

menu items 

Dialog boxes 
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-------------------------

Cut Shift+Del 
!;.opy Ctrl+lns 
faste Shift+lns 

Cl~ar 

.D.elete 

file fdit 

file fdit ~iew 

.!::f.elp 

v'Iool palette .. . 
~olor palette .. . 

file f dit ~iew Qptions 

.Extended help ... 
Keys help ... 
Help index ... 
Iutorial ... 

Abou~ ... 

There are so many ways to design dialOg boxes that there are few 
guidelines. It is a good idea, however, to choose a style for your 
application and stick with it. There are two types of dialogs boxes, 
modal and modeless. Modal, which suspends operation of the 
program, should be used most often. Modeless, which allows 
regular operation of the program to continue, should be used only 
for specialized purposes and parallel activities, such as spell­
checking a document. 
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Design 
considerations 

CUA does require a particular style of dialog box for Open and 
Save As dialog boxes. ObjectWindows's stock file dialog box 
meets these requirements. 

•Choose a main window size. Use only what you need to 
present the required information and present a usable client 
area. 

•Resize windows thoughtfully. You have two choices for 
painting windows after they have been resized. You can paint 
the contents in its original proportion, allowing part to be 
clipped if the window is too small. This is best for what-you­
see-is-what-you-get (WYSIWYG) applications. Or you can 
reformat the contents so they always fit well within the 
window's borders. This option might be more appropriate for a 
game or utility. 

•Use color sparingly. Color should reinforce an established 
communication link with the user. It should be used consis­
tently and the user should have the option to modify any color 
used. 

Writing safe programs 

Handling errors in an interactive user interface is much more 
complicated than in a command line utility. In a non-interactive 
application, it is quite acceptable (and indeed, expected) that 
errors cause the program to display an error message and 
terminate the program. In an interactive setting, however, the 
program needs to recover from errors and leave the user in an 
acceptable state. Don't allow errors to corrupt the information the 
user is working on or terminate the program, regardless of their 
nature. A program that meets these programming criteria can be 
considered "safe." 

ObjectWindows facilitates writing safe programs. It promotes a 
style of programming that makes it easier to detect and recover 
from errors, especially the wily and elusive "Out of memory" 
error. It does this by promoting the concept of atomic operations. 
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All or nothing 
programming 

The safety pool 

An atomic operation is an operation that cannot be broken down 
into smaller operations. Or, more specific to our use, it is an 
operation that either completely fails or completely succeeds. 
Making operations atomic is especially helpful when dealing with 
memory allocation. 

Typically, programs allocate memory in many small chunks. For 
example, when constructing a dialog box object, you allocate 
memory for the dialog box and for any other object that dialog 
owns, such as its child controls. Each of these allocations could 
potentially fail, and each possible failure requires a test to see if 
you should proceed with the next allocation or stop. If any 
allocation does fail, you need to deallocate any memory allocated 
successfully. Ideally, you would allocate everything and then 
check to see if any of your allocations failed. Enter the safety pool. 

ObjectWindows sets aside a fixed amount of memory (8K) called 
the safety pool. If allocating memory on the heap dips into the 
safety pool, the system function LowMemory returns True. This 
indicates that further allocations are not safe and they may fail. 

For the safety pool to be effective, the pool must be as large as the 
largest atomic allocation. In other words, it needs to be large 
enough to make sure that all allocations between checks of 
LowMemory will succeed; 8K should suffice in most applications. 

When your application first comes up and creates its main 
window and its child windows, it already checks for the low 
memory condition. However, if your program creates windows or 
dialogs as dynamic objects any time after the main window is 
displayed, you must explicitly invoke the mechanism that checks 
for the low memory condition. These situations include creating 
dialog boxes or popup windows in response to a menu selection. 
MDI applications, however, already check for the low memory 
condition when creating child windows. 

To check for low memory when creating windows or modeless 
dialogs, substitute your call to your window's Create method with 
a call to the Make Window, a TApplication method inherited by your 
application type. This method creates a window without checking 
for low memory: 

procedure TMyWindow.Help(var Msg: TMessage); 
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var 
HelpWnd: PHelpWindow; 

begin 
HelpWnd := New(PHelpWindow, Init(@Self, 'Help System')); 
HelpWnd".Create; 

end; 

This method does check for low memory: 

procedure TMyWindow.Help(var Msg: TMessage); 
var 

HelpWnd: PHelpWindow; 
begin 

HelpWnd := Application".MakeWindow(New(PHelpWindow, Init(@Self, 
'Help System'))); 

if HelpWnd <> nil then { window was successfully created } 
end; 

To specify your program's application object, use the global 
variable, Application, defined for every ObjectWindows appli­
cation. Make Window returns a pointer to the window object, or nil 
if the creation was unsuccessful. 

To check for low memory when executing modal dialogs, call 
your application type's inherited ExecDialog method instead of 
your dialog's Execute method. 

procedure TTestWindow.RunDialog(var Msg: TMessage); 
var 

TestDlg: PTestDialog; 
RetValue: Integer; 

begin 
TestDlg := New(PTestDialog, Init(@Self, 'DIALl')); 
RetValue := Application".ExecDialog(TestDlg); 
if RetValue = id Cancel then 

{ dialog creation failed, or user cancelled } 
end; 

If successful, ExecDialog returns the dialog's return value, usually 
zero or a positive integer. If running the dialog fails, ExecDialog 
returns one of a few error constants, each negative integers. This 
is important to know because a dialog failure automatically 
results in the dialog object being disposed. Before disposing the 
dialog object, verify that its return value was not negative. 

Make Window and ExecDialog notify the application object of a low 
memory condition by calling the application object's Error method 
with the constant em_OutOJMemory as an argument. The Error 
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.. 
method inherited from T Application displays a message box 
alerting the user of the error condition. 

Other window creation There are other conditions, besides low memory, that can prevent 
errors a window or dialog box to be created and displayed properly. For 

example, Microsoft Windows might not permit the creation of an 
interface element due to low Windows memory or to incorrect 
values passed in a Windows function. An application must be 
informed of these errors, like low memory conditions, in order to 
recover from them. 

These other window creation errors are automatically reported by 
the ObjectWindows methods that construct and create interface 
objects. TWindowsObject defines an Integer field, Status, whose 
value is zero if there is no error. If there has been an error, it may 
be set to one of the following values: 

Table 19.1 
Window creation error values Error Meaning 
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em_OutOJMemory 
em_InvalidWindow 
em_InvalidClient 

em_InvalidChild 

em_InvalidMain Window 

Memory allocation ate into the safety pool. 
The window element could not be created. 
An MDI window object was not able to 
create its client window. 
One or more of the object's child windows 
generated an error. 
The main window could not be created. 

To check for errors in the window constructors and creation 
methods you write, set Status equal to one of these constants, or to 
one of your own constants. For example, if a window must open a 
file, but fails, it can report an error with a constant, such as 
em_FileOpenError. If TWindow.Create or TDialog.Execute return 
non-zero values when called by Make Window or ExecDialog, 
respectively, the calling method will automatically report the 
error to the Error method of your window type, which, by default, 
simply calls the Error method of your application type. You can 
override your window or application type's Error method to 
properly handle each error. 

constructor EditorWindow.Init(AParent: PWindowsObject; ATitle: PChar; 
AFileName: PChar); 

begin 
TWindow.Init(AParent; ATitle); 
if (Status >= 0) and not OpenTheFile(AFileName) then 

Status := em_FileOpenError; 
end; 
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Major consumers 
You should also check for low memory conditions for major 
consumers, which are window objects that allocate memory 
greater than the size of the safety pool, such as reading the entire 
contents of a file into memory. Major consumers should check 
LowMemory themselves, instead of waiting until they have 
finished all construction and then allowing MakeWindow to do so 
for them. 

If a major consumer runs out of memory in the middle of con­
structing itself, it should set the Status flag to an error value and 
stop trying to allocate more memory. The Status flag will be 
checked in the MakeWindow method, which will report the error 
and dispose the window object. 

Obviously, this is not quite as nice as being able to assume that 
your constructors work, but it is the only way to manage the 
construction of windows that exceed the size of your safety pool. 

Chapter 7 9, Standard application guidelines 293 



294 Windows Programming Guide 



p A R T 

4 

Collections and streams 

295 



296 Windows Programming Guide 



c H 

Chapter 20, Collections 

A p T E R 

20 

Collections 

Pascal programmers traditionally spend much programming time 
creating code that manipulates and maintains data structures, 
such as linked lists and dynamically-sized arrays. Virtually the 
same data structure code tends to be written and debugged again 
and again. 

As powerful as traditional Pascal is, it only provides you with 
built-in record and array types. Any structure beyond that is up to 
you. 

For example, if you're going to store data in an array, you typi­
cally need to write code to create the array, to import data into the 
array, to extract array data for processing, and perhaps to export 
data to 1/0 devices. Later, when the program needs a new array 
element type, you start all over again. 

Wouldn't it be great if an array type came with code that would 
handle many of the operations you normally perform on an 
array? An array type that could also be extended without dis­
turbing the original code? 

That's the aim of the ObjectWindows type, TCollection. It's an 
object that stores a collection of pointers and provides a host of 
methods for manipulating them. 
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Collection objects 

Collections are 

Besides being an object, and therefore having methods built into 
it, a collection has two additional features that address the short­
comings of ordinary Pascal arrays-it is dynamically sized and 
polymorphic. 

dynamically sized The size of a standard Turbo Pascal array is fixed at compile time, 
which is fine if you know exactly what size your array will always 
need to be, but it may not be a particularly good fit by the time 
someone is actually running your code. Changing the size of an 
array requires changing the code and recompiling. 

298 

Collections are 
polymorphic 

Type checking 

With a collection, however, you set an initial size, but it can 
dynamically grow at run time to accommodate the data stored in 
it. This makes your application much more flexible in its compiled 
form. Keep in mind, though, that a collection cannot shrink, so 
you need to be conscious of not making it excessively large. 

A second aspect of arrays that can be limiting to your application 
is the fact that each element in the array must be of the same type, 
and that type must be determined when the code is compiled. 

Collections get around this limitation by using untyped pointers. 
Not only is this fast and efficient, but a collection can then consist 
of objects (and even non-objects) of different types and sizes. A 
collection doesn't need to know anything about the objects it is 
handed; it just holds on to them and gives them back when asked. 

and COiiections A collection is an end-run around Pascal's traditional strong type 
checking. That means that you can put anything into a collection, 
and when you take something back out, the compiler has no way 
to check your assumptions about what that something is. You can 
put in a PHedgehog and read it back out as a PSheep, and the col­
lection will have no way of alerting you. 

As a Turbo Pascal programmer, you may rightfully feel nervous 
about such ru;i end-run. Pascal's type checking, after all, saves 
hours and hours of hunting for some very elusive bugs. So you 
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should proceed with caution here: You may not even be aware of 
how difficult a mixed-type bug can be to find, because the 
compiler has been finding all of them for you! However, if you 
find that your programs are crashing or locking up, carefully 
check the types of objects being stored in and read from 
collections. 

Collecting non-objects You can even add something to a collection that isn't an object at 
all, but this raises another serious point of caution. Collections 
expect to receive untyped pointers to something. But some of 
TCollection's methods act specifically on a collection of TObject­
derived instances. These include the stream access methods 
Putitem and Getitem as well as the standard Freeltem procedure. 

This means that you can store a PChar in a collection, for example, 
but if you try to send that collection to a stream, the results aren't 
going to be pretty unless you override the collection's standard 
Getltem and Putitem methods. Similarly, when you attempt to 
deallocate the collection, it will try to dispose of each item using 
Freeltem. If you plan to use non-TObject items in a collection, you 
need to redefine the meaning of "item" in Getltem, Putltem, and 
Freeltem. That is precisely what TStrCollection, for example, does. 

If you proceed with prudence, you will find collections (and the 
descendants of collections that you build) to be fast, flexible, 
dependable data structures. 

Creating a collection 

Remember to define a 
pointer type for each new 

object type. 

Creating a collection is really just as simple as defining the data 
type you wish to collect. Suppose you're a consultant, and you 
want to store and retrieve the account number, name, and phone 
number of each of your clients. First you define the client object 
(TClient) that will be stored in the collection: 

type 
PClient = 'TClient; 
TClient = object(TObject) 

Account, Name, Phone: PChar; 
constructor Init(NewAccount, NewName, NewPhone: PChar); 
destructor Done; virtual; 
procedure Print; virtual; 

end; 
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Next you implement the Init and Done methods to allocate and 
dispose of the client data and a Print method to display the client's 
data in tabular form. Note that the object fields are of type PChar 
so that memory is only allocated for the portion of the string that 
is actually used. The StrNew and StrDispose functions handle 
dynamic strings very efficiently. 

constructor TClient.Init(NewAccount, NewName, NewPhone: PChar); 
begin 

Account := StrNew(NewAccount); 
Name := StrNew(NewName); 
Phone := StrNew(NewPhone); 

end; 

destructor TClient.Done; 
begin 

StrDispose(Account); 
StrDispose(Name); 
StrDispose(Phone); 

end; 

procedure TClient.Print; 
begin 

Writeln (' 

end; 

Account, '' :10 - StrLen(Account), 
Name, '' :20 - StrLen(Name), 
Phone, '' :16 - StrLen(Phone)); 

TClient.Done will be called automatically for each client when you 
dispose of the entire collection. Now you just instantiate a collec­
tion to store your clients, and insert the client records into it. The 
main body of the program looks like this: 

var 
ClientList: PCollection; 

begin 
ClientList := New(PCollection, Init(lO, 5)); 
with ClientList' do 
begin 

Insert(New(PClient, Init('91-100', 'Anders, Smitty', 
f (406) 111-2222'))); 

Insert (New(PClient, Init (' 90-167', 'Smith, Zelda', 
f (800) 555-1212'))); 

Insert(New(PClient, Init('90-177', 'Smitty, John', 
, (406) 987-4321'))); 

Insert(New(PClient, Init('90-160', 'Johnson, Agatha', 
f (302) 139-8913'))); 

end; 
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PrintAll and SearchPhone are 
procedures that will be 

discussed later. 

PrintAll(ClientList); 
SearchPhone (ClientList, '(406) '); 
Dispose(ClientList, Done); 

end. 

Notice how easy it was to build the collection. The first statement 
allocates a new TCollection called ClientList with an initial size of 
10 clients. If more than 10 clients are inserted into ClientList, its 
size will increase in increments of 5 clients whenever needed. The 
next two statements create a new client object and insert it into the 
collection. The Dispose call at the end frees the entire collection­
clients and all. 

Nowhere did you have to tell the collection what kind of data it 
was collecting-it just took a pointer. 

Iterator methods 

The ForEach 

Insert and deleting items aren't the only common collection 
operations. Often you'll find yourself writing for loops to range 
over all the objects in the collection to display the data or perform 
some calculation. Other times, you'll want to find the first or last 
item in the collection that satisfies some search criterion. For these 
purposes, collections have three iterator methods: ForEach, 
FirstThat, and LastThat. Each of these takes a pointer to a proce­
dure or function as its only parameter. 

iterator ForEach takes a pointer to a procedure. The procedure has one 
parameter, which is a pointer to an item stored in the collection. 
ForEach calls that procedure once for each item in the collection, in 
the order that the items appear in the collection. The PrintAll 
procedure in Collect1 shows an example of a ForEach iterator. 

Chapter 20, Collections 

procedure PrintAll(C: PCollection); 

procedure CallPrint(P: PClient); far; 
begin 

PA .Print; 
end; 

begin { Print 
Writeln; 
Writeln; 
Writeln('Client list:'); 

{ Call Print method } 
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procedures. 

The FirstThat and 
LastThat iterators 
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CA.ForEach(@CallPrint); 
end; 

{ Print each client 

For each item in the collection passed as a parameter to PrintAll, 
the nested procedure CallPrint is called. CallPrint simply prints 
the client object information in formatted columns. 

You need to be careful about what sort of procedures you call 
with iterators. To be called by an iterator, a routine (in this 
example, CallPrint) must 

•be a procedure-it cannot be a function or an object's method, 
although as this example showed, .the procedure can call a 
method. 

•be local to (nested inside) the routine that is calling it. 

•be declared as a far procedure, either with the far directive or 
with the {$F+} compiler directive. 

•take a pointer to a collection item as its only parameter. 

In addition to being able to apply a procedure to every element in 
the collection, it is often useful to be able to find a particular 
element in the collection based on some criterion. That is the 
purpose of the FirstThat and LastThat iterators. As their names 
imply, they search the collection in opposite directions until they 
find an item meeting the criteria of the Boolean function passed as 
an argument. 

FirstThat and LastThat return a pointer to the first (or last) item 
that matches the search conditions. Consider the earlier example 
of the client list, and imagine that you can't remember a client's 
account number or exactly how his last name is spelled. Luckily, 
you distinctly recall that this was the first client you acquired in 
the state of Montana. Thus you want to find the first occurrence of 
a client in the 406 area code (since your list happens to be in 
chronological order). Here's a procedure using the FirstThat 
method that would do the job 

procedure SearchPhone(C: PCollection; PhoneToFind: PChar); 

function PhoneMatch(Client: PClient): Boolean: far; 
begin 

PhoneMatch := StrPos(ClientA.Phone, PhoneToFind) <>nil; 
end; 
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var 
FoundClient: PClient; 

begin { SearchPhone } 
Writeln; 
FoundClient := C'.FirstThat(@PhoneMatch); 
if FoundClient = nil then 

Writeln ('No client met the search requirement') 
else 
begin 

Writeln('Found client:'); 
FoundClient'.Print; 

end; 
end; 

Again notice that PhoneMatch is nested and uses the far call 
model. In this case, it's a function that returns True only if the 
client's phone number and the search pattern match. If no object 
in the collection matches the search criteria, a nil pointer is 
returned by FirstThat. 

Remember: ForEach calls a user-defined procedure, while FirstThat 
and LastThat each call a user-defined Boolean function. In all 
cases, the user-defined procedure or function is passed a pointer 
to an object in the collection. 

Sorted collections 

Chapter 20, Collections 

Sometimes you need to have your data in a certain order. 
ObjectWindows provides a special type of collection that allows 
you to order your data in any manner you want: the 
TSortedCollection. 

TSortedCollection is a descendant of TCollection which auto­
matically sorts the objects it is given. It also automatically checks 
the collection for duplicate keys when a new member is added. 

A Boolean field, Duplicates, controls whether duplicate keys are 
allowed. If Duplicates is set to False (the default), a new member 
added to the collection replaces an existing member with the 
same key. When Duplicates is True, the new member is simply 
inserted into the collection. 

TSortedCollection is an abstract type. To use it, you must first 
decide what type of data you're going to collect and define two 
methods to meet your particular sorting requirements. To do this, 
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Keys must be typecast 
because they are untyped 

pointers. 

304 

you will need to derive a new type from TSortedCollection. In this 
case, call it TClientCollection. 

Your TClientCollection already knows how to do all the real work 
of a collection. It can Insert new client records and Delete existing 
ones-it inherited all this basic behavior from TCollection. All you 
have to do is teach TClientCollection which field to use as a sort 
key and how to compare two clients and decide which one 
belongs ahead of the other in the collection. You do this by 
overriding the KeyOf and Compare methods and implementing 
them as shown here: 

PClientCollection = 'TClientCollection; 
TClientCollection = object(TSortedCollection) 

function KeyOf(Item: Pointer): Pointer; virtual; 
function Compare(Keyl, Key2: Pointer): Integer; virtual; 

end; 

function TClientCollection.KeyOf(Item: Pointer): Pointer; 
begin 

KeyOf := PClient(Item)'.Account; 
end; 

function TClientCollection.Compare(Keyl, Key2: Pointer): Int~ger; 

begin 
Compare := StrIComp(PChar(Keyl), PChar(Key2)); 

end; 

KeyOf defines which field or fields should be used as a sort key. In 
this case, it's the client's Account field. Compare takes two sort keys 
and determines which one should come first in the sorted order. 
Compare returns-1, 0, or 1, depending on whether Keyl is less 
than, equal to, or greater than Key2, respectively. This example 
uses a case-insensitive alphabetical sort of the key (Account) 
strings by calling the Strings unit's StrIComp function. You could 
easily sort the collection by names, instead of account numbers, 
just by changing KeyOJ to return the Name field. 

Note that since the keys returned by KeyOf and passed to Compare 
are untyped pointers, you need to typecast them into PChars 
before dereferencing them or passing them to StrIComp, in this 

,example. 

That's all you have to define! Now if you redefine CllentList as a 
PClientCollection instead of a PCollection (changing the var declar­
ation and the New call), you can easily list your clients in 
alphabetical order: 
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This is COLLECT2.PAS. var 
ClientList: PClientCollection; 

begin 
ClientList := New(PClientCollection, Init(lO, 5)); 

end. 

Notice also how easy it would be if you wanted the client list 
sorted by account number instead of by name. All you would 
have to do is change the KeyOf method to return the Account field 
instead of the Name field. 

String collections 

There is also a 
TStringColfection type 

defined for storing Pascal 
strings. 

This is COLLECT3.PAS. 

Chapter 20, Collections 

Many programs need to keeping track of sorted strings. For this 
purpose, ObjectWindows provides a special-purpose collection, 
TStrCollection. Note that the elements in a TStrCollection are not 
objects-they are pointers to null-terminated strings. Since a 
string collection is a descendant of TSortedCollection, duplicate 
strings can be stored. 

Using a string collection is easy. Just declare a pointer variable to 
hold the string collection. Allocate the collection, giving it an 
initial size and an amount to grow by as more strings are added 

var 
WordList: PCollection; 
Word.Read: PChar; 

begin 
WordList := New(PStrCollection, Init(lO, 5)); 

WordList holds ten strings initially and then grows in increments 
of five. All you have to do is insert some strings into the collec­
tion. In this example, words are read out of a text file and inserted 
into the collection: 

repeat 

if GetWord(WordRead, WordFile)A <> #0 then 
WordListA.Insert(StrNew(WordRead)); 
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until WordRead[O] = tO; 

Dispose(WordList, Done); 

Notice that the StrNew function is used to make a copy of the 
word that was read and the address of the string copy is passed to 
the collection. When using a collection, you always give it control 
over the data you're collecting. It will take care of de-allocating 
the data when you're done. And that's exactly what the call to 
Dispose does; it disposes each element in the collection, and then 
disposes the WordList collection itself. 

The ForEach method traverses the entire collection one item at a 
time, and passes each one to a procedure you provide. Continuing 
with the previous example, the procedure Print Word is given a 
pointer to a string to display. Note that Print Word is a nested (or 
local) procedure. Wrapped around it is another procedure, Print, 
which is given a pointer to a TStrCollection. Print uses the ForEach 
iterator method to pass each item in its collecton to the Print Word 
procedure. 

procedure Print(C: PCollection); 

procedure PrintWord(P: PChar); far; 
begin 

Writeln(P); 
end; 

begin { Print 
Writeln; 
Writeln; 
C'.ForEach(@PrintWord); 

end; 

{ Display the string } 

{ Call PrintWord } 

Print Word should look familiar; it's just a procedure that takes a 
string pointer and passes its value to Writeln. Note the far 
directive after Print Word's declaration. PrintWord cannot be a 
method-it must a procedure. And it must be a nested procedure 
as well. Think of Print as a wrapper around a procedure that has 
the job of doing something-displaying or modifying data, 
perhaps-with each item in the collection. You can have more 
than one procedure like the preceding Print Word, but each has to 
be nested inside Print and each has to be a far procedure (using 
the far directive or {$F+}). 
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Finding an item Sorted collections (and therefore string collections) have a Search 
method that returns the index of an item with a particular key. 
But how do you find an item in a collection that may not be 
sorted? Or when the search criteria don't involve the key itself? 
The answer, of course, is to use FirstThat and LastThat. You simply 
define a Boolean function to test for whatever criteria you want, 
and call FirstThat. 

Polymorphic collections 

This is COLLECT4.PAS. 

Chapter 20, Collections 

You've seen that collections can store any type of data dynam­
ically, and there are plenty of methods to help you access 
collection data efficiently. In fact, TCollection itself defines 23 
methods. When you use collections in your programs, you'll be 
equally impressed by their speed. They're designed to be flexible 
and implemented to be fast. 

But now comes the real power of collections: items can be treated 
polymorphically. That means you can do more than just store an 
object type on a collection; you can store many different objects 
types, from anywhere in your object hierarchy. 

If you consider the collection examples you've seen so far, you'll 
realize that all the items on each collection were of the same type. 
There was a list of strings in which every item was a string. And 
there was a collection of clients. But collections can store any 
object that is a descendant of TObject, and you can mix these 
objects freely. Naturally, you'll want the objects to have some­
thing in common. In fact, you'll want them to have an abstract 
ancestor object in common. 

As an example, here's a program that puts 3 different graphical 
objects into a collection. Then a ForEach iterator is used to traverse 
the collection and display each object. 

Unlike the other examples in this chapter, this example (Collect4) 
uses Windows functions to draw itself in a window. Be sure to 
include the WinProcs and WinTypes units in your uses clause for 
this example. 

The abstract ancestor object is defined first. 

type 
PGraphObject = "TGraphObject; 

307 



308 

TGraphObject = object(TObject) 
Rect: TRect; 
constructor Init(Bounds: TRect); 
procedure Oraw(OC: HOC); virtual; 

end; 

You can see from this declaration that each graphical object can 
initialize itself (Init) and display itself on the graphics screen 
(Draw). Now define an ellipse, a rectangle, and a pie slice, each 
derived from this common ancestor: 

PGraphEllipse = ATGraphEllipse; 
TGraphEllipse = object(TGraphObject) 

procedure Oraw(OC: HOC); virtual; 
end; 

PGraphRect = ATGraphRect; 
, TGraphRect = object(TGraphObject) 

procedure Oraw(OC: HOC); virj:ual; 
end; 

PGraphPie = ATGraphPie; 
TGraphPie = object(TGraphObject) 

ArcStart, ArcEnd: TPoint; 
constructor Init(Bounds: TRect); 
procedure Oraw(OC: HOC); virtual; 

end; 

These three object types all inherit the Rect field from 
TGraphObject, but they are all different sizes. TGraphEllipse and 
TGraphRect each need only add a new drawing method, since 
their drawing methods only need size and position information, 
while TGraphPie needs extra fields and a different constructor to 
be able to represent itself correctly. Here's the code to putthese 
miscellaneous figures into the collection: 

GraphicsList := New (PCollection, Init(lO, 5)); { Create collection } 

for I := 1 to NumToDraw do 
begin 

case I mod 3 of { Create an object } 
0: P := New(PGraphRect, Init(Bounds}); 
1: P := New(PGraphEllipse, Init(Bounds)); 
2: P := New(PGraphPie, Init(Bounds)); 

end; 
GraphicsListA. Insert (P); { Add it to collection } 

end; 
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As you can see, the for loop inserts graphical objects into the 
GraphicsList collection. All you know is that each object in 
GraphicsList is some kind of TGraphObject. But once inserted, 
you'll have no idea whether a given item in the collection is a 
rectangle, ellipse, or pie slice. Thanks to polymorphism, you don't 
need to know, since each object contains the data and the code 
(Draw) it needs. Just traverse the collection using an iterator 
method and have each object display itself: 

procedure DrawAll(C: PCollection); 

procedure CallDraw(P: PGraphObject); far; 
begin 

PA.Draw(PaintDC); { Call the Draw method} 
end; 

begin { DrawAll } 
CA.ForEach(@CallDraw); 

end; 

var 
GraphicsList: PCollection; 

begin 

{ Draw each object ) 

if GraphicsList <>nil then DrawAll(GraphicsList); 

end. 

This ability of a collection to store different but related objects 
leans on one of the powerful cornerstones of object-oriented 
programming. In the next chapter, you'll see this same principal 
of polymorphism applied to streams with equal advantage. 

Collections and memory management 

Chapter 20, Collections 

A TCollection can grow dynamically from the initial size set by Init 
to a maximum size of 16,380 elements. The maximum collection 
size is stored by ObjectWindows in the variable MaxCollectionSize 
Each element you add to a collection only takes four bytes of 
memory, because the element is stored as a pointer. 

No library of dynamic data structures would be complete unless 
it provided some provision for error detection. If there is not 
enough memory to initialize a collection, a nil pointer is returned. 

If memory is not available when adding an element to a collec­
tion, the method TCollection.Error is called and a run-time heap 
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memory error occurs. You may want to override TCollection.Error 
to provide your own error reporting or recovery mechanism. 

You need to pay special attention to heap availability, because the 
user has much more control of a ObjectWindows program than a 
traditional Pascal program. If the user is the one who controls the 
adding of objects to a collection (for example, py opening new 
windows on the desktop), the possibility of a heap error may not 
be so easy to predict. You may need to take steps to protect the 
user from a fatal run-time error, with either memory checks of 
your own when a collection is being used, or a run-time error 
handler that lets the program recover gracefully. 
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Streams 
Object-oriented programming techniques and ObjectWindows 
give you a powerful way of encapsulating code and data, and 
powerful ways of building an interrelated structure of objects. But 
what if you want to do something simple, like store some objects 
on disk? 

Back in the days when data sat by itself in a record, writing data 
to disk was pretty clear-cut, but the data within a ObjectWindows 
program is largely bound up within objects. You could, of course, 
separate the data from the object and write the data to a disk file. 
But you've achieved something important by joining the two 
together in the first place, and it would be a step backwards to 
take them apart. 

Couldn't OOP and ObjectWindows themselves somehow be 
enlisted in solving this problem? That's what streams are all 
about. 

A stream in ObjectWindows is a collection of objects on its way 
somewhere: typically to a file, EMS, a serial port, or some other 
device. Streams handle I/0 on the object level rather than the 
data level. When you extend an ObjectWindows object, you need 
to provide for handling any additional data fields that you define. 
All the complexity of handling the object representation is taken 
care of for you. 
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The question: Object 1/0 

As a Pascal programmer, you know that before you can do any 
file I/O, you must tell the compiler what type of data you will be 
reading or writing to the file. The file must be typed, and the type 
must be determined at compile time. 

Turbo Pascal implements a very useful workaround to this rule: 
an untyped file accessed with Block Write and BlockRead. But the 
lack of type checking creates some extra responsibilities for the 
programmer, although it does let you perform very fast binary 
I/O. 

A second problem, though, is that you can't use files directly with 
objects. Turbo Pascal doesn't allow you to create a typed file of 
objects. And because objects may contain virtual methods who 
addresses are determined at run-time, storing the VMT 
information outside the program is pointless; reading such 
information into a program is even more so. 

Again, you can work around the problem. You can copy the data 
out of your objects and store the information in some sort of file, 
then rebuild the objects from the raw data again later. But that is a 
rather inelegant solution at best, and complicates the construction 
of objects. 

The answer: Streams 
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Streams are 
polymorphic 

ObjectWindows allows you to overcome both of these difficulties, 
and gives you some side benefits as well. Streams provide a 
simple, yet elegant, means of storing object data outside your 
program. 

An Object Windows stream gives you the best of both typed and 
untyped files: type checking is still there, but what you intend to 
send to a stream doesn't have to be determined at compile time. 
The reason is that streams know they are dealing with objects, so 
as long as the object is a descendant of TObject, the stream can 
handle it. In fact, different ObjectWindows objects can as easily be 
written to the same stream as a group of identical objects. 
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Streams handle 
objects All you have to do is define for the stream which objects it needs 

to handle, so it knows how to match data with VMTs. Then you 
can put objects onto the stream and get them back effortlessly. 

But how can the same stream read and write such widely 
differing objects as a TCollection and a TDialog, and not even need 
to know at compile time what objects it is going to be handed? 
This is very different from traditional Pascal I/O. In fact, a stream 
can even handle new object types that weren't even created when 
the stream was compiled. 

The answer is registration. Each ObjectWindows object type (and 
any new object types you derive from the hierarchy) is assigned a 
unique registration number. That number gets written to the 
stream ahead of the object's data. Then, when you go to read the 
object back from the stream, ObjectWindows gets the registration 
number first, and based on that knows how much data to read 
and what VMT to attach to your data. 

Essential stream usage 

Chapter 21, Streams 

On a fairly fundamental level, you can think about streams much 
as you think about Pascal files. At its most basic, a Pascal file can 
be simply a sequential 1/0 device: you write things to it, and you 
read them back. A stream, then, is a polymorphic sequential 1/0 
device, meaning that it behaves much like a sequential file, but 
you can also read or write various types of objects at the current 
point. 

Streams can also (like Pascal files) be viewed as a random-access 
1/0 devices, where you seek to a position in the file, read or write 
at that point, return the position of the file pointer, and so on. 
These operations are also available with streams, and are 
described in the section "Random-access streams." 

There are two different aspects of stream usage that you need to 
master, and luckily they are both quite simple. The first is setting 
up a stream, and the second is reading and writing objects to the 
stream. 
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Putting it on 
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All you have to do to use a stream is initialize it. The exact syntax 
of the Init constructor will vary, depending on what type of 
stream you're dealing with. For example, if you're opening a DOS 
stream, you need to pass the name of the DOS file and the access 
mode (read-only, write-only, read/write) for the file containing 
the stream. 

For example, to initialize a buffered DOS stream for loading a 
collection object into a program, all you need to is this: 

var 
SaveFile: TBufStrearn; 

begin 
SaveFile.Init('COLLECT.DTA', stOpen, 1024); 

Once you've initialized the stream, you're ready to go-that's all 
there is to it. 

TStream is an abstract stream mechanism, so you can't actually 
create an instance of it, but useful stream objects are all derived 
from TStream. These include TDosStream, which provides disk 
I/O, and TBufStream, which.provides buffered disk 1/0 (useful if 
you read or write a lot of small pieces to disk), and TEmsStream, a 
stream that sends objects to EMS memory. 

ObjectWindows also implements an indexed stream, with a 
pointer to a place in the stream. By relocating the pointer, you can 
do random stream access. 

TStream, the basic stream object implements three basic methods 
you need to understand: Get, Put, and Error. Get and Put roughly 
correspond to the Read and Write procedures you would use for 
ordinary file I/O operations. Error is a procedure that gets called 
whenever a stream error occurs. 

Let's look first at the Put procedure. The general syntax of a Put 
method is this: · 

SomeStream.Put(PSomeObject); 
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where SomeStream is any object descended from TStream that has 
been initialized, and PSomeObject is a pointer to any object 
descended from TObject that has been registered with the stream. 
That's all you have to do. The stream can tell from PSomeObject's 
VMT what type of object it is (assuming the type has been 
registered), so it knows what ID number to write, and how much 
data to write after it. 

Of special interest to you as an ObjectWindows programmer, 
however, is the fact that when you Put a group with child 
windows onto a stream, the child windows are automatically 
written to the stream as well. Thus, saving complex objects is not 
complex at all-in fact, it's automatic! You can save the entire state 
of a dialog simply by writing the dialog object onto a stream. 
When you restart your program and load the dialog back in, it 
will be in the same condition it was in when you saved it. 

Getting it back Getting objects back from the stream is just as easy. All you have 
to do is call the stream's Get function: 

PSomeObject := SomeStream.Get; 

where again, SomeStream is an initialized ObjectWindows stream, 
and PSomeObject is a pointer to any type of ObjectWindows object. 
Get simply returns a pointer to whatever it has pulled off the 
stream. How much data it has pulled, and what type of VMT it 
has assigned to that data, is determined not by the type of 
PSomeObject, but by the type of object found on the stream. Thus, 
if the object at the current position of SomeStream is not of the 
same type as PSomeObject, you will get garbled information. 

As with Put, Get will retrieve complex objects. Thus, if the object 
you retrieve from a stream is a window that owns child windows, 
the child windows will be loaded as well. 

In case of error Finally, the Error procedure determines what happens when a 
stream error occurs. By default, TStream.Error simply sets two 
fields (Status and Errorlnfo) in the stream. If you want to do 
anything fancier, like generating a run-time error or popping up 
an error dialog box, you'll need to override the Error procedure. 
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Shutting down 
the stream When you're finished using a stream, you call its Done method, 

much as you would normally call Close for a disk file. As with any 
ObjectWindows object, you do this as 

Dispose(SomeStream, Done); 

so as to dispose of the stream object as well as shutting it down. 

Making objects streamable 
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Load and Store 

All standard ObjectWindows objects are ready to be used with 
streams, and all ObjectWindows streams know about the 
standard objects. When you derive a new object type from one of 
the standard objects, it is very easy to prepare it for stream use, 
and to alert streams to its existence. 

methods The actual reading and writing of objects to the stream is handled 
by methods called Load and Store. While each object must have 
these methods to be usable by streams, you never call them 
directly. (They are called by Get and Put.) So all you need to do is 
make sure that your object knows how to send itself to the stream 
when called upon to do so. 

Because of OOP, this job is very easy, since most of the 
mechanism is inherited from the ancestor object. All your object 
has to handle is loading or storing the parts of itself that you 
added; the rest is taken care of by calling the ancestor's method. 

For example, let's say you derive a new kind of window from 
TWindow, named after the surrealist painter Rene Magritte, who 
painted many famous pictures of windows: 

type 
TMagritte = object(TWindow) 

Surreal: Boolean; 
constructor Load(var S: TStream); 
procedure Store(var S: TStream); 

end; 
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All that has been added to the data portion of the window is one 
Boolean field. In order to load the object, then, you simply read a 
standard TWindow, then read an additional byte to accommodate 
the Boolean field. The same applies to storing the object: you 
simply write a TWindow, then write one more byte. Typical Load 
and Store methods for descendant objects look like this: 

constructor TMagritte.Load(var S: Stream); 
begin 

TWindow.Load(S); 
S.Read(Surreal, SizeOf(Surreal)); 

end; 

procedure TMagritte.Store(var S: Stream); 
begin 

TWindow.Store(S); 
S.Write(Surreal, SizeOf(Surreal)); 

end; 

{ load the ancestor type 
{ read additional fields 

{ store the ancestor type 
{ write additional fields 

Warning! It is entirely your responsibility to ensure that the same amount of 
data is stored as is loaded, and that data is loaded in the same 
order that it is stored. The compiler will return no errors. This can 
cause huge problems if you are not careful. If you modify an 
object's fields, make sure to update both the Load and Store 
methods. 

Stream 
registration 

ObjectWindows registers all 
the standard objects, so you 

only have to register the new 
objects you define. 

Chapter 2 7, Streams 

In addition to defining the Load and Store methods for a new 
object, you will also have to register your new object type with the 
streams. Registration is a simple, two-step process: you define a 
stream registration record, and you pass it to the global procedure 
RegisterType. 

To define a stream registration record, just follow the format. 
Stream registration records are Pascal records of type TStreamRec, 
which is defined as follows: 

PStreamRec = 'TStreamRec; 
TStreamRec = record 

Obj Type: Word; 
VrntLink: Word; 
Load: Pointer; 
Store: Pointer; 
Next: Word; 

end; 
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By convention, all ObjectWindows stream registration records are 
given the same name as the corresponding object type, with the 
initial "T" replaced by an "R." Thus, the registration record for 
TCollection is RCollection, and the registration record for TMagritte 
is RMagritte. Abstract types such as TObject and TWindowsObject 
do not have registration records because there should never be 
instances of them to store on streams. 

The ObjType field is really the only part of the record you need to 
think about; the rest is mechanical. Each new type you define will 
need its own, unique type-identifier number. ObjectWindows 
reserves the registration numbers 0 through 99 for the standard 
objects, so your registration numbers can be anything from 100 
through 65,535. 

It is your responsibility to create and maintain a library of ID 
numbers for all your new objects that will be used in stream I/O, 
and to make the IDs available to users of your units. As with 
menu IDs and user-defined messages, the numbers you assign 
may be completely arbitrary, as long as they are unique and 
within the specified range. 

The VmtLink field is a link to the objects virtual method table 
(VMT). You simply assign it as the offset of the type of your 
object: 

RSomeObject.VmtLink := Ofs(TypeOf(TSomeObject)A); 

The Load and Store fields contain the addresses of the Load and 
Store methods of your object, respectively. 

RSomeObject.Load := @TSomeObject.Load; 
RSomeObject.Store := @TSomeObject.Store; 

The final field, Next, is assigned by RegisterType, and requires no 
intervention on your part. It simply facilitates the internal use of a 
linked list of stream registration records. 

Once you have constructed the stream registration record, you 
call RegisterType with your record as its parameter. So, to register 
your new TMagritte object for use with streams, you would 
include the following code: 
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Registering 
standard objects 

con st 
RMagritte: TStreamRec = ( 

ObjType: 100; 

); 

VrntLink: Ofs(TypeOf(TMagritte)A); 
Load: @TMagritte.Load; 
Store: @TMagritte.Store 

RegisterType(RMagritte); 

That's all there is to it. Now you can Put instances of your new 
object type to any ObjectWindows stream and read instances back 
from streams. 

ObjectWindows defines stream registration records for all its 
standard objects. In addition, the WObjects unit defines a 
RegisterWObjects procedure that automatically registers all of the 
objects in that unit. 

The stream mechanism 

The Put process 

Chapter 2 7, Streams 

Now that you've examined the process you go through to use 
streams, you should probably take a quick look behind the scenes 
to see just what ObjectWindows does with your objects when you 
Get or Put them. It's an excellent example of objects interacting 
and using the methods built into each other. 

When you send an object to a stream with the stream's Put 
method, the stream first takes the VMT pointer from offset 0 of 
the object and looks through the list of types registered with the 
streams system for a match. When it finds the match, the stream 
retrieves the object's registration ID number and writes it to the 
stream's destination. The stream then calls the object's Store 
method to finish writing the object. The Store method makes use 
of the stream's Write procedure, which actually writes the correct 
number of bytes to the stream's destination. 

Your object doesn't have to know anything about the stream-it 
could be a disk file, a chunk of EMS memory, or any other sort of 
stream-your object merely says "Write me to the stream," and 
the stream handles the rest. 
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The Get process 

Handling nil 
object pointers 

When you read an object from the stream with the Get method, its 
ID number is retrieved first, and the list of registered types is 
scanned for a match. When the match is found, the registration 
record provides the stream with the location of the object's Load 
method and VMT. The Load method is then called to read the 
proper amount of data from the stream. 

Again, you simply tell the stream to Get the next object it contains 
and stick it at the location of the new pointer you specify. Your 
object doesn't even care what kind of stream it's dealing with. The 
stream takes care of reading the proper amount of data by using 
the object's Load method, which in tum relies on the stream's Read 
method. 

All this is transparent to the programmer, but it shows you how 
crucial it is to register a type before attempting stream I/O with it. 

You can write a nil object to a stream. However, when you do, a 
word of 0 is written to the stream. On reading an ID word of 0, 
the stream returns a nil pointer. 0 is therefore reserved, and cannot 
be used as a stream object ID number. ObjectWindows reserves 
stream IDs 0 through 99 for internal use. 

Collections on streams: A complete example 
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In Chapter 20, "Collections," you saw how a collection could hold 
different, but related, objects. The same polymorphic ability 
applies to streams as well, and they can be used to store an entire 
collection on disk for retrieval at another time or even by another 
program. Go back and look at COLLECT4.PAS. What more must 
you do to make that program put the collection on a stream? 

The answer is remarkably simple. First, start at the base object, 
TGraphObject, and "teach" it how to store its data (X and Y) on a 
stream. That's what the Store method is for. Then, similarly define 
a new Store method for any descendant of TGraphObject that adds 
additional fields (TGraphPie adds ArcStart and ArcEnd, for 
example). 
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Next, build a registration record for each object type that will 
actually be stored and register each of those types when your 
program first begins. And that's it. The rest is just like normal file 
I/ 0: declare a stream variable; create a new stream; put the entire 
collection on the stream with one simple statement; and close the 
stream. 

Adding Store methods Here are the Store methods. Notice that PGraphEllipse and 
PGraphRect doesn't need their own, since they don't add any 
fields to those they inherit from PGraphObject 

TGraphObject doesn't call 
TObject.Store because 

TObject has no data to store. 

Chapter 21, Streams 

type 
PGraphObject = 'TGraphObject; 
TGraphObject = object(TObject) 

Rect: TRect; 
constructor Init(Bounds: TRect); 
procedure Draw(DC: HDC); virtual; 
procedure Store(var S: TStream); virtual; 

end; 

PGraphEllipse = 'TGraphEllipse; 
TGraphEllipse = object(TGraphObject) 

procedure Draw(DC: HDC); virtual; 
end; 

PGraphRect = 'TGraphRect; 
TGraphRect = object(TGraphObject) 

procedure Draw(DC: HDC); virtual; 
end; 

PGraphPie = "TGraphPie; 
TGraphPie = object(TGraphObject) 

ArcStart, ArcEnd: TPoint; 
constructor Init(Bounds: TRect); 
procedure Draw(DC: HDC); virtual; 
procedure Store(var S: TStream); virtual; 

end; 

Implementing the Store method is quite straightforward. Each 
object calls its inherited Store method, which stores all the 
inherited data. Then the stream's Write method is called to write 
the additional data 

procedure TGraphObject.Store(var S: TStream); 
begin 

S.Write(Rect, SizeOf(Rect)); 
end; 

procedure TGraphPie.Store(var S: TStream); 
begin 
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Registration records 
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TGraphObject.Store(S); 
S.Write(ArcStart, SizeOf(ArcStart)); 
S.Write(ArcEnd, SizeOf(ArcEnd)); 

end; 

Note that TStream's Write method does a binary write. Its first 
parameter can be a variable of any type, but TStream. Write has no 
way to know how big that variable is. The second parameter 
provides that information and you should follow the convention 
of using the standard SizeOf function. That way, the compiler can 
guarantee you're always reading or writing the correct amount of 
data. 

Defining a registration record constant for each of the descendent 
types is our last step. It's a good idea to follow the 
ObjectWindows naming convention of using an R as the initial 
letter, replacing the type's T. 

Remember, each registration record gets a unique object ID 
number (ObjType). ObjectWindows reserves 0 through 99 for its 
standard objects. It's a good idea to keep track of all your objects 
stream ID numbers in one central place to avoid duplication. 

const 
RGraphEllipse: TStreamRec = ( 

ObjType: 150; 
VmtLink: Ofs(TypeOf(TGraphEllipse)'); 
Load: nil; 
Store: @TGraphEllipse.Store); 

RGraphRect: TStreamRec = ( 

Obj Type: 151; 
VmtLink: Ofs(TypeOf(TGraphRect)'); 
Load: nil; 
Store: @TGraphRect.Store); 

RGraphPie: TStreamRec = ( 
ObjType: 152; 
VmtLink: Ofs(TypeOf(TGraphPie)'); 
Load: nil; 
Store: @TGraphPie.Store); 

{ No load method yet } 

{ No load method yet l 

{ No load method yet ) 

You don't need a registration record for TGraphObject beause it's 
an abstract type and thus won't ever be instantiated or put onto a 
collection or stream. Each registration record's Load pointer is set 
nil here because this example is only concerned with storing data 
onto a stream. Load methods will be defined and the registration 
records will be updated in the next example (STREAM2.P AS). 
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Registering You must always remember to register each of these records 
before performing any stream 1/0. The easiest way to do this is to 
wrap them all in one procedure and call it at the very beginning 
of your program (or in your application's Init method) 

Writing to the stream 

This is STREAM I.PAS. 

Chapter 2 7, Streams 

procedure StreamRegistration; 
begin 

RegisterType(RCollection); 
RegisterType(RGraphEllipse); 
RegisterType(RGraphRect); 
RegisterType(RGraphPie); 

end; 

Notice that you have to register the TCollection (using its 
RCollection record-now you see why naming conventions make 
programming easier) even though you didn't define TCollection. 
The rule is simple and unforgiving: it's your responsibility to 
register every object type that your program will put onto a 
stream. 

All that's left to follow is the normal file 1/0 sequence of: create a 
stream; put the data (a collection) onto it; close the stream. You 
don't have to write a ForEach iterator to stream each collection 
item. You just tell the stream to Put the collection on the stream: 

var 

GraphicsStream: TBufStream; 
begin 

StreamRegistration; { Register all streamed objects } 
GraphicsStream.Init('GRAPH.STM', stCreate, 1024); 
GraphicsStream.Put(GraphicsList); {Output collection } 
if GraphicsStream.Status <> 0 then 

Status := em_Stream; 
GraphicsStream.Done; 

end; 
{ Shut down stream } 

This creates a disk file that contains all the information needed to 
"read" the collection back into memory. When the stream is 
opened and the collection is retrieved (see STREAM2.PAS), all the 
hidden links between the collection and its items, and objects and 
their virtual method tables will be magically restored. The next 
section explains how to stream objects that contain links to other 
objects. 
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Who gets to store things? 

Fields in streams 
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An important caution about streams: the owner of an object is the 
only one that should write that object to a stream. This caution is 
similar to one with which you have probably become familiar 
while using traditional Pascal: the owner of a pointer is the one 
that should dispose of the pointer. 

In the midst of the complexity of a real-life application, numerous 
objects will often have a pointer to a particular structure. When 
the time arrives for stream I/0, you need to decide who "owns" 
the structure; that owner alone should be the one to send that 
structure to the stream. Otherwise, you'll end up with multiple 
copies in the stream of what was initially just one structure. When 
you then read the stream, multiple instances of the structure will 
be created, with each of the original objects now pointing at their 
own personal copy of the structure instead of at the original single 
structure. 

Many times you'll find it convenient to store pointers to a group's 
child windows in local instance variables (the object's data fields). 
For example, a dialog box might store pointers to its control 
objects in mnemonically named fields for easy access (fields like 
OKButton or FileinputLine). When that child window is created, 
the parent window has two pointers to the child window, one in 
the field, and one in the child window list. If you don't make 
allowances for this, reading back the object from a stream will 
result in duplicate instances. 

The solution is provided in the TWindowsObject methods called 
GetChildPtr and PutChildPtr. When storing a field that is also a 
child window, rather than writing the pointer as if it were just 
another variable, you call PutChildPtr, which stores a reference to 
the ordinal position of the child window in the group's child 
window list. This way, when you Load the group back from the 
stream, you can call GetChildPtr, which makes sure the field and 
the child window list point to the same object. 

Here's a quick example using GetChildPtr and PutChildPtr in a 
simple window: 

type 
TDemoWindow = object(TWindow) 
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Sibling window 
instances 

Chapter 2 7, Streams 

Msg: PStatic; 
constructor Load(var S: TStream); 
procedure Store(var S: TStream); 

end; 

constructor TDemowindow.Load(var S: TStream); 
begin 

TWindow.Load(S); 
GetChildPtr(S, Msg); 

end; 

procedure TDemoWindow.Store(var S: TStream); 
begin 

TWindow.Store(S); 
PutChildPtr(S, Msg); 

end; 

Let's take a look at how this Store method differs from a normal 
Store. After storing the window normally, all you have to do is 
store a reference to the Msg field, rather than storing the field 
itself as you would normally do. The actual button object is stored 
as a child window of the window when you call TWindow.Store. 
All you have to do in addition is put information on the stream 
indicating that Msg is to point to that child window. The Load 
method does the same thing in reverse, first loading the window 
and its button child window, then restoring the pointer to that 
child window to Msg. 

A similar situation can arise when a window has a field that 
points to one of its siblings. A window is called a sibling window 
of another if both are owned by the same parent window. For 
example, imagine that you have an edit control and two radio 
buttons that control whether the edit control can be activated or 
not. When the state of a radio button changes, it activates or de­
activates the edit control accordingly. Because the 
T ActivateRadioButton has to know about an edit control which is 
also a member of the same window, an edit control is added as an 
instance variable. 

As with child windows, you can run into problems when reading 
and writing sibling references to streams. The solution, however, 
is similar. The TWindowsObject methods PutSiblingPtr and 
GetSiblingPtr provide the means for accessing siblings. 

type 
TActivateRadioButton = object(TRadioButton) 
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EditControl: PEdit; 

constructor Load(var S: TStream); 
procedure Store(var S: TStream); virtual; 

end; 

constructor TActivateRadioButton.Load(var S: TStream); 
begin 

TRadioButton.Load(S); 
GetPeerPtr(S, EditControl); 

end; 

procedure TActivateRadioButton.Store(var S: TStream); virtual; 
begin 

TRadioButton.Load(S); 
PutPeerPtr(S, EditControl); 

end; 

The only thing to worry about is loading references to sibling 
windows that have not yet been loaded (that is, they come later in 
the child window list, and therefore later on the stream). 
ObjectWindows handles this automatically, keeping track of all 
such forward references and resolving them when all the child 
windows have been loaded. The part you may need to consider is 
that sibling references are not valid until the entire Load has been 
completed. Because of this, you should not put any code into Load 
methods that makes use of child windows that depend on their 
sibling windows, as the results will be unpredictable. 

Copying a stream 
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TStream has a method CopyFrom(S,Count), which copies Count 
bytes from the given stream S. CopyFrom can be used to copy the 
entire contents of a stream to another stream. If you repeatedly 
access a disk-based stream, for example, you may want to copy it 
to an EMS stream for more rapid access: 

NewStream := New(TEmsStream, Init(OldStreamA.GetSize)); 
OldStream'.Seek(O); 
NewStreamA.CopyFrom(OldStream, OldStreamA.GetSize); 

Windows Programming Guide 



Random-access streams 

So far, we have dealt with streams as sequential devices: you Put 
objects at the end of a stream, and Get them back in the same 
order. But ObjectWindows provides more capabilities than that. 
Specifically, it allows you to treat a stream as a virtual, random­
access device. In addition to Get and Put, which correspond to 
Read and Write on a file, streams provide features analogous to a 
file's Seek, FilePos, FileSize, and Truncate. 

•The Seek procedure of a stream moves the current stream 
pointer to a specified position (in bytes from the beginning of 
the stream), just like the standard Turbo Pascal Seek procedure. 

•The GetPos function is the inverse of the Seek procedure. It 
returns a Longint with the current position of the stream. 

• The GetSize function returns the size of the stream in bytes. 
•The Truncate procedure deletes all data after the current stream 

position, making the current position the end of the stream. 

While these routines are useful, random access streams require 
you to keep an index, noting the starting position of each object in 
the stream. In this case, you might use a collection to hold the 
index. 

Non-objects on streams 

You can write things that are not objects onto streams, but you 
have to use a somewhat different approach to do it. The standard 
stream Get and Put methods require that you load or store an 
object derived from TObject. If you want to create a stream of 
non-objects, go directly to the lower-level Read and Write 
procedures, each of which reads or writes a specified number of 
bytes onto the stream. This is the same mechanism used by Get 
and Put to read and write the data for objects; you're simply 
bypassing the VMT mechanism provided by Get and Put. 
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Designing your own streams 

328 

Stream error 
handling 

This section summarizes the methods and error-handling capabil­
ities of ObjectWindows streams so that you know what you can 
use to create new types of streams. 

TStream itself is an abstract object that must be extended to create 
a useful stream type. Most of TStream's methods are abstract and 
must be implemented in your descendant, and some depend 
upon TStream abstract methods. Basically, only the Error, Get, and 
Put methods of TStream are fully implemented. GetPos, GetSize, 
Read, Seek, SetPos, Truncate, and Write must be overridden. If the 
descendant object type has a buffer, the Flush method should be 
overridden as well. 

TStream has a method called Error( Code, Info), which is called 
whenever the stream encounters an error. Error simply sets the 
stream's Status field to one of the constants listed in Chapter 6, 
"Global reference" under "stXXXX constants." 

The Errorinfo field is undefined except when Status is stGetError or 
stPutError. If Status is stGetError, the Errorinfo field contains the 
stream ID number of the unregistered type. If Status is stPutError, 
the Error Info field contains the VMT offset of the type you tried to 
put onto the stream. You can override TStream.Error to generate 
any level of error handling, including run-time errors. 
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TWindowsObject method 159 
Enable Transfer 

TControl method 190 
End Dig 

TDialog method 141 
Error 

MakeWindow and 291 
· TCollection method 309 
TStreammethod 314, 315, 328 

overriding 328 
Error Info 

TStreamfield 315, 328 
errors 

collections 309 
handling 292 
hangs298 
streams 315, 328 

es_AutoHScroll style 177 
es_AutoVScroll style 177 
es_Left style 177 
es_MultiLine style 177 
es_UpperCase style 183 
event-driven programming 9, 90, 112 
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events 
control 74 

responding to 7 4 
menu49 
messages and 112 

Exec Dialog 
Error and 291 
Execute vs. 61, 291 
return values 291 
TApplication method 61, 140 

Execute 
ExecDialog vs. 61, 291 

external directive 215 

F 
fields 

object 
adding 60 

objects 
child windows and 72 

file dialogs 150 
constructing 60, 150 
executing 61, 151 
masks See files, masks 
open vs. save 60, 150, 151 
resources and 150 
user prompts 151 

file windows 128, 130 
edit windows and 130 
uses of 130 

files 
header271 
masks 150 
objects and 312 
opening 60, 150 
overwriting 151 
.RC267,268 
.RES266 
resource 50 
Resource Compiler script 267 
saving 60, 150 
text 

editing 128, 130 
type checking and 312 
vs. streams 311 
writing objects to 312 

Index 

FirstThat 
TCollection method 302 
TWindowsObject method 111 

flags 
global memory 209 
local memory 205 

fonts 
display contexts and 239, 242 

For Each 
TCollection method 301 
TWindowsObject method 111 

frame window See multiple document interface 
Freeltem 

TCollection method 299 
functions 

API 
kinds of 87 

callback 88 

G 
GDI See graphics device interface 
GDI.EXE 16 
Get 

TStream method 314, 315, 320 
GetCheck 

TCheckBox method 168 
GetChildPtr 

example324 
TGroup method 324 

GetChildWithID 
TWindow method 157 

GetClassName 
overriding 125 
TDlgWindow method 148 

GetCount 
TListBox method 161 

Getltem 
TCollection method 299 

GetltemHandle 
TDialog method 143 

Get Line 
TEdit method 179, 180 

GetPos 
TStream method 327 

GetPosition 
TScrollBar method 173 
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GetRange 
TScrollBar method 173 

GetSelection 
TEdit method 181 

GetSellndex 
TListBox method 163 

GetSelString 
TListBox method 163 

GetSize 
TStream method 327 

GetStockObject function 243 
GetString 

TListBox method 161 
GetStringLen 

TListBox method 161 
GetSubText 

TEdit method 181 
GetText 

TEdit method 179, 180 
TStatic method 165 

GetWindowClass 
cursors and 275 
icons and 275 
overriding 125 
IDlgWindow method 148 
TWindow method 126 
TWindowsObject method 275 

global heap 204 
GlobalAlloc function 209 

return values 209 
GlobalCompact function 213 
GlobalDiscard function 211 
GlobalFix function 211 
GlobalFlags function 212 
GlobalFree function 211 
GlobalLock function 210 
GlobalLRUNewest function 213 
GlobalLRUOldest function 213 
GlobalReAlloc function 211, 212 
GlobalSize function 209, 212 
GLobalUnfix function 211 
GlobalUnlock function 210 
GlobalWire function 211 
gmem_DDEShare flag 212 
gmem_Discardable flag 209, 212 
gmem_Fixed flag 209, 211 
gmem_Modify flag 212 
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gmem__Moveable flag 209, 212 
gmem_NoCompact flag 209, 211 
gmem_NoDiscard flag 209, 211 
gmem_Not_Banked flag 212 
gmem_Zerolnit flag 211 
graphics 10, 239 

bitmapped 241 
graphics device interface 239 
group boxes 169 

adding controls to 170 
constructing 169 
example 170 
messages and 170 
selection boxes and 168 

groups 

H 

collections and 299 
reading from streams 315 
streams and 315 
writing to streams 315 

HAccTable 
TApplication field 274 

handles 11 
controls 143 
display contexts 33 
drawing tools 41 
memory 11, 203 
window 26, 108 

hbrBackground 
TWndClass field 127 

hCursor 
TWndClass field 125 

header files 271 
Help Compiler 287 
help system 

Windows287 
hi con 

TWndClass field 127 
Hide List 

TComboBox method 186 
hot keys See also accelerators 
hot links 230 
HWindow 

TWindowsObject field 26 
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icons 
cursors vs. 275 
default 127 
stock 275 
window 124 

id_First constant 7 4, 115, 170 
ID numbers 

objects 318 
stream 

reserved 320 
id_ OK constant 190 
idc_Arrow constant 127 
idc_Beam constant 125 
idc_Cross constant 127 
idc_IBeam constant 127 
idc_Wait constant 127 
IDE See integrated, environment 
idi_ constants 275 
idi_Application constant 127 
IDs 

child windows 
range 116 

controls 72 
dialog box resources 139 
menu items 273 
menus 50 
resources 50 
string tables 276 

inheritance 
streams and 316 

Init 
InitResource vs. 190 
TApplication method 23, 98 
TButton method 166 
TCheckBox method 168 
TComboBox method 186 
TControl method 155, 189 
TDialog method 140 
TEdit method 177 
TFileDialog method 150 
TFileWindow method 128, 130 
TGroupBox method 169 
TinputDialog method 149 
TListBox method 159 
TMDIWindow method 195 
TRadioButton method 168 

Index 

TScrollBar method 172 
TScroller method 133 
TStatic method 165 
TWindow method 51, 121 
TWindowsObject method 108 

InitApplication 
TApplication method 98, 102 

InitChild 
TMDIWindow method 196 

InitClientWindow 
TMDIWindow method 196 

Initlnstance 
TApplication method 98, 101, 274 

InitMain Window 
multiple document interface and 195 
T Application method 23, 98, 99 

InitResource 
MakeWindow vs. 146 
TApplication method 187 
TControl method 189 
vs. Init 145 

input 
validating 141 

input dialogs 41, 43, 148 
constructing 149 
data 

retrieving 149 
example 149 
resources and 149 

Insert 
TEdit method 182 

InsertString 
TListBox method 160 

instance linkage 23 
integrated 

environment 2 
interface 

elements26 
associating 58 
creating 58, 108 
destroying 109 
failure 292 
showing 109 

objects 26, 81, 107 
associating with controls 145 
constructor 108 
controls 143, 154 
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disposing 109 
purpose 108 
status292 
windows 120 

interface objects 14 
interprocess communication 10 
InvalidateRect procedure 36 
Is Modified 

TEdit method 181 
Is VisibleRect 

TScroller method 137 
iterator methods 301 

child windows 111 

K 

collections vs. 111 
collections 302 
collections and 301 
example 301, 302 
far local requirement 302, 303 
FirstThat 302 
ForEach 301 
LastThat 302 

KERNEL.EXE 16 

L 
Last That 

TCollection method 302 
lbColor 

TLogBrush field 245 
lbn_SelChange message 162 
lbStyle 

TLogBrush field 245 
libraries See dynamic-link libraries 
line styles 244 
Line Length 

TEdit method 179, 180 
lines 

drawing242 
LineSize 

TScrollBar field 173 
LineTo function 39 
list boxes 159 

constructing 159 
default style 159 
events and 162 
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example 163 
modifying 160 
notification messages 162 
querying 161 
selection 

getting 163 
setting 163 

sorted 159 
strings 

adding 160 
clearing all 161 
counting 161 
deleting 161 
getting 161 
inserting 160 
length of 161 

transfer buffer 188 
unsorted 160 

lmem_Discardable flag 205, 207 
lmem_Fixed flag 205, 206, 207 
lmem_Modify flag 207 
lmem_Moveable flag 205, 207 
lmem_NoCompact flag 205, 207 
lmem_NoDiscard flag 205, 207 
lmem_Zeroinit flag 207 
Load 

methods 316, 320 
example 317 

TStreamRec field 318 
LoadAccelerators function 274 
LoadMenu function 51, 273 
LoadString function 276, 277 
local heap 204 

maximum size 205 
LocalAlloc function 205 
LocalCompact function 208 
LocalDiscard function 207 
LocalFlags function 208 
LocalFree function 207 
LocalLock function 205 
LocalReAlloc function 207 
LocalSize function 205, 208 
LocalUnlock function 205 
lopnColor 

TLogPen field 243, 244 
lopnStyle 

TLogPen field 244 
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lopnWidth 
TLogPen field 244 

LowMemory function 290 
lParam 

message parameter 113 
lpszMenuName 

TWndClass field 128 
LRU See memory management, least-recently­

used 

M 
$M compiler directive 204 
main window 19, 22, 23, 99 

application object and 97 
caption 100, 102 
closing 100 
creating 23 
customizing 26 
initialization 98, 99 
maximizing 100 
menus and 50 
minimizing 100 
properties 100 
responsibilities 19 
size of 121, 289 

main windows 
multiple document interface applications 195 

Main Window 
TApplication field 23 

Make Window 
Create and 123 
Create vs. 58, 290 
Error and 291 
modeless dialogs and 141 
return values 58 
TApplication method 58, 290 
TWindowsObject method 123 

mapping modes 241 
MaxCollectionSize variable 309 
MDI See multiple document interface 
MemAlloc function 201 
memory 

allocating safely 290 
compacting 213 
compaction 202 
discardable 202 
errors 309 

Index 

global 204, 209 
64K boundaries 212 
compacting 213 
discarding 211, 213 
fixed 211 

locking 211 
flags 209, 212 
freeing 211 
handles 

invalid 210 
lock count 210 
locking 210 
pointers to 210 
querying 212 
sharing 214 
size 212 
size of 209 
unlocking 210 
wiring 211 

handles 11 
large blocks 204 
local 204 

allocating 205 
compacting 208 
discardable 205 
discarding 207 

lock count and 207 
fixed 205, 206 
flags 205, 208 

getting 208 
freeing 207 

lock count and 207 
handles205 

invalid 206 
locking 205 
maximum size 205 
moveable 205 
pointers to 205 
reallocating 207 
setting up 204 
unlocking 205 

local vs. global 204 
lock count 205 
locking 203 
major consumers 293 
management 11 
moveable 202 
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safety pool 290 
sharing 214 
unlocking 203 

memory management 201 
handles and 203 
least-recently-used algorithm 213 
low-memory warnings 213 
multitasking and 202 

Menu 
TWindowAttr field 51 

menu commands 
edit controls and 178 

menus49 
bitmaps and 278, 280 
commands 

responding to 273 
default 128 
IDs 50 

constants 52 
items 

IDs273 
shortcuts 274 

loading 51, 273 
main windows and 50 
messages and 52 
objects and 50 
resources 49 
standard 287 
string tables and 277 
sub-items 50 
top-level 50 

message loops 90 
message queue 90 
message queues 90 
message response methods 89 
Message Loop 

streamlining 103 
TApplication method 98, 103 

messages 15, 19, 89 
child-ID-based 74, 94, 114, 115, 144, 167 

multiple document interface 197 
command 52, 94 
command-based 114 

multiple document interface 198 
commands 

responding to 52 
control 143 
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default handling 75 
default processing 146 

control notification 144 
parameters 144 

control-notification 157 
controls and 93, 145, 157 
default handling 75 
default processing 93, 116 
dispatching 89 
dynamic methods and 94 
edit controls and 179 
events and 112 
group boxes and 170 
kinds of 89, 91 
list box notification 162 
menus and 52 
mouse 

capturing 39 
mouse dragging 38 
mouse events 38 
multiple document interface and 197 
notification 94 

terminating 159 
notify-based 

controls and 158 
parameters 35, 91, 113 
processing 98, 103, 112 

default 114 
push buttons and 167 
ranges 94 
record 35 
responding to 27, 89, 112 

methods27 
response methods 113 

control 74 
result values 113, 114 
routing 112 
scroll bars and 175 
sending 93 
user-defined 94 
window 94 

methods 
command-response 114 
dynamic 52, 113, See dynamic methods 
message response 27, 89 

command 52 
message-response 113 

Windows Programming Guide 



modes 
mapping See mapping modes 

mouse clicks 
coordinates of 35 

MoveTo function 39 
multiple document interface 13, 193 

child windows 193, 194 
activating 197 
captions 194 
creating 196, 197 
managing 197 
tiling 198 

client window 193 
constructing 196 

client windows 194 
command-based message and 198 
components 193 
example 198 
frame windows 193, 194 

as main windows 195 
menus 195 
Window menu 194 

menus and 198 
messages and 197 
objects 83, 194 
windows 

constructing 195 
multitasking 10 

memory management and 202 

N 
name 

application 23 
naming conventions 79 
New 

TFileWindow method 130 
Next 

TStreamRec field 318 
nf_First constant 158, 175 
nil objects 

streams and 320 
non-objects 

collections and 299 
notification codes 144 
notification messages 

scroll bar 
terminating 176 

Index 

NumLines 
TEdit method 179, 180 

0 
objects See also drawing tools 

application 22, 81, 97 
base 81 
controls 82 
deriving new 316 
dialogs 82 
files and 312 
interface 14, 26, 81 
multiple document interface 83 
nil 

streams and 320 
ownership 23 
persistent 312 
reading from streams 315 
stream ID numbers 318 

reserved 318 
stream registration 313 
streams and 311, 313, 314, 315, 316, 318 
window 25 

deriving 26 
windows 81 
writing to files 312 
writing to streams 314 

ObjectWindows 14 
conventions 79 
hierarchy 80 
resources 85 
units 24, 84 

obm_Close bitmap 277 
obm_DnArrow bitmap 277 
obm_Zoom bitmap 277 
OK 

TDialog method 141 
Ok 

TDialog method 141 
Open 

TFileWindow method 130 

p 
PageSize 

TScrollBar field 173 
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Paint 
scrolling windows and 133, 137 
TWindow method 45, 47 

painting 45, 47 
display contexts and 45 
drawing tools and 45 

palettes 241 
Parent 

TWindowsObject field 26, 11 O 
parent windows 26, 55, 109 

ancestor vs. 56 
assigning 121 
child list 110 
streams and 324 

PChar type 51 
pens 

creating 43 
display contexts and 239 
line styles 244 
lines and 242 
logical 243 

color 244 
creating 243 
style 244 
width244 

polymorphism 298 
streams and 312 

ProcessAccels 
TApplication method 103 

ProcessDlgMsg 
TApplication method 103 

ProcessMDIAccels 
T Application method 103 

push buttons 166 
constructing 166 
default 166 
example 170 
messages and 167 
styles 166 

Put 
TStream method 314, 319 

PutChildPtr 
example324 
TGroup method 324 

Putltem 
TCollection method 299 
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R 
$R compiler directive 50, 53, 266 
.RC files 267, 268 
.RES files 50, 266 
radio buttons 167, See also selection boxes 

checking 169 
example 170 
style 

default 168 
transfer buffer 188 
unchecking 169 

range 
scroll bar 173 
scrolling windows 135 

Read 
TStream method 320; 327 

regions 
clipping 242 

RegisterType procedure 317 
registration 

attributes 
windows 124 

new types and 317 
record 

example 318 
records 317 

naming 317 
streams 313, 317, 318 
windows classes 124 

ReleaseCapture function 39 
reserved 

stream ID numbers 318, 320 
Resource Compiler 267 

command-line options 268 
hints271 
script files 267, 268 

resources 11, 265 
adding to executable 266 

using Resource Compiler 267 
attaching 53 
bitmaps277 
controls and 154 
creating 50, 266 
cursor 125, 275 
deleting 280 
dialog box 139 

ID 139 
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dialog boxes 274 
dialog windows and 148 
discarding 265 
file dialogs and 150 
files 50, 266 
header files and 271 
icons 275 
IDs 50 

symbolic 51 
including 50 
input dialogs and 149 
loading 266, 272 
loading on demand 265 
menu 49,273 

default 128 
names273 
standard dialogs 149 
StdDlgs unit 149, 150 
string 276 
types of 265 

response methods 89 
Result 

message field 114 
message parameter 113 
TMessage field 159, 176 

RGB function 244 
Run 

TApplication method 98, 103 

s 
safe programming 58, 61, 289 

dialog boxes and 291 
major consumers 293 
memory and 290 
Status field and 292, 293 
window creation and 292 

safety pool 290 
size of 290 

Save 
TFileWindow method 130 

SaveAs 
TFileWindow method 130 

SB Bottom 
TScrollBar method 176 

SBLineDown 
TScrollBar method 176 

Index 

SBLineUp 
TScrollBar method 176 

SBPageDown 
TScrollBar method 176 

SBPageUp 
TScrollBar method 176 

sbs_Horz style 172 
sbs_TopAlign style 172 
sbs _Vert style 172 
SBThumbPosition 

TScrollBar method 176 
SBThumbTrack 

TScrollBar method 176 
SBTop 

TScrollBar method 176 
screen 

clearing 36, 53 
Scroll 

TEdit method 183 
scroll bars 171 

auto-scrolling and 134 
constructing 172 
example 176 
line size 173 
messages and 175 
modifying 17 4 
notification messages and 175 
page size 173 
position 173 

setting 174 
querying 173 
range 173 

setting 173, 17 4 
scrolling windows and 132 
styles 172 
transfer buffer 188 

scrollbars 
size 

default 172 
ScrollBarTransferRec record 188 
Scroll By 

TScroller method 136 
scrolling windows 131, 132 

auto-scrolling 134 
constructing 133 
example 132 
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page size 
modifying 136 

Paint and 133, 137 
position 

modifying 136 
range 

modifying 135 
scroll bars and 132 
tracking 134 
units 

modifying 135 
Scroll To 

TScroller method 136 
Seek 

TStream method 327 
selection boxes See also check boxes, See also 

radio buttons 
adding to groups 170 
checked 167 
constructing 168 
groups of 168, 170 
querying 168 
state 

modifying 169 
state of 167 
unchecked 167 

SelectObject function 42 
SelectRange 

TEdit method 183 
SendDlgltemMessage function 93 
SendDlgitemMsg 

TDialog method 93, 143 
SendMessage function 93 
SetCapture function 39 
SetCheck 

TCheckBox method 169 
SetPageSize 

TScroller method 136 
SetPosition 

TScrollBar method 174 
SetRange 

TScrollBar method 173, 17 4 
TScroller method 135 

SetSelindex 
TListBox method 163 

SetSelString 
TListBox method 163 
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SetText 
TEdit method 182 
TStatic method 165 

Setup Window 
cm_ Create message and 108 
control objects and 156 
TMDIWindow method 196 
TWindow method 73 
TWindowsObject method 108 

shapes 
drawing242 
filling 242 

shortcuts 274, See also accelerators 
Show 

TWindowsObject method 109 
Show List 

TComboBox method 186 
sibling windows 325 
ss_Left style 165 
ss_NoPrefix style 165 
ss_Simple style 165 
standard 

dialogs 85 
windows 85 

static controls 164 
characters 

underlining 165 
clearing 165 
constructing 164 
modifying .165 
querying 165 
styles 164 

default 165 
transfer buffer 188 

Status 
error reporting and 293 
TStream field 315 
TWindowsObject method 292 

STDDLGS.RES file 149, 150 
StdDlgs unit 41, 85 

resources 149, 150 
StdWnds unit 85, 128 
Store 

methods 316, 319 
example 317 

TStreamRec field 318 
streams 311 
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buffered 314 
child windows and 315, 324 
constructor 314 
copying 326 
defined 311 
designing 328 
destructor 316 
DOS314 
EMS314 
error codes 328 
error-handling 315 
groups and 315 
indexed 314 
Load methods and 316 
mechanism 319 
nil objects and 320 
non-objects and 327 
object ID numbers 318 

reserved 318 
objects and 311, 313, 316 
overriding 328 
parent windows and 324 
polymorphism and 312, 313 
position 327 
random access 313, 314, 327 
reading from 315, 320 
registration 313, 317, 318 

records 317 
seeking position 327 
sibling windows and 325 
size of 327 
Store methods and 316 
truncating 327 
type checking and 313, 319, 320 
using 313 
virtual method tables and 313 
vs. files 311, 313 
writing to 314, 319 

string conversion 36 
string tables 

dialog boxes and 276 
1Ds276 
loading 276 
menus and 277 

Strings unit 36 
Style 

TWindow Attr field 122 

Index 

style 
TWndClass field 127 

styles 86, 87 
brush245 
classes 127 
combining 87 
combo boxes 186 
control objects 156 
edit controls 177 
line 244 
listbox 159 
logical pen 244 
push buttons 166 
scroll bars 172 
static controls 164 
window 120 
windows 122, 159 

sub-items See menus, sub-items 

T 
TApplication 

fields 18 
requirements 23 

TApplication object 97 
TBufStream object 314 
TButton object 166 
TCheckBox object 167 
TCollection object 297 
TComboBox object 183 
TControl object 154 
TControl type 71 
TDlgWindow object 147 
TDosStream object 314 
TEdit object 176 
TEditWindow object 128 
TEmsStream object 314 
text 

drawing 34, 242 
editing 128 

TextOut function 36 
tf_ GetData constant 190 
tf_SetData constant 190 
TFileDialog object 150 
TFileDlgRec record 60 
TFileWindow object 128 
TileChildren 

TMDIWindow method 198 
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TlnputDialog object 148 
. TListBox object 159 
TLogBrush record 242 

defined 245 
TLogFont record 242 
TLogPen record 242 

defined243 
TMDIClient object 194 
TMDIWindow object 194 
TMessage record 113 

variant fields 113 
TMessage type 28, 35 
Toggle 

TCheckBox method 169 
tracking 

scrolling windows and 134 
TRadioButton object 167 
Transfer 

return value 191 
TControl method 191 
TWindowsObject method 191 

transfer buffers 188 
check boxes 188 
combo boxes 188 
defining 188 
edit controls 188 
list boxes 188 
radio buttons 188 
scroll bars 188 
static controls 188 
updating 190 
using 190 

transfer mechanism 187, 190 
automatic 190 
custom controls and 191 
dialog boxes 189, 190 
example 191 
manual 190 
windows 189 

Transfer Buffer 
TDialog field 189 
TWindow field 189 

Transfer Data 
TWindowsObject method 190 

Truncate 
· TStream method 327 

TScrollBar object 171 
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TScroller 
attributes 131 
line size 131 
page size 131 
scrolling units 131, 135 
using with windows 132 

TScroller object 131 
TSortedCollection object 303 
TStrCollection object 299 
TStream object 314 
TStreamRec type 317 
TWindow 23, 25 
TWindow object 119 
TWindowAttr record 120 
TWindowsObject 25 
TWindowsObject type 107 
TWndClass 

default values 126 
TWndClass record 124, 126 
type checking 

collections and 298 
files and 312 
streams and 313, 319, 320 

typecasting 
collections and 304 

types 
Windows84 
Windows data 13 

u 
Uncheck 

TCheckBox method 169 
Undo 

TEdit method 178 
units 

display 241 
DLLsand217 
ObjectWindows 24, 84 
ObjectWindows and 68 
scrolling 131, 135 
StdDlgs85 
StdWnds85 
WinProcs84 
Winprocs 86 
WinTypes 84 
WObjects 84 

USER.EXE 16 
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v 
views 

sibling 325 
virtual method tables 

files and 312 
streams and 318 

VmtLink 
TStreamRec field 318 

w 
whindows 

pop-up 56 
window elements 

creating 123 
window objects 119 

attributes 120 
constructor 121 
initializing 120 
window elements and 120 

Windows 
API85 

calling 15 
constants 86 
ObjectWindows and 85 

coordinate systems 35 
data structures 86 
structure 16 

windows 10 
attributes 

creation 124 
default 121 

overriding 121 
menus 51 
registration 124, 275 

background color 127 
child 26, See child windows 
classes See classes, windows 
closing 74 
constructor 51 
controls See controls 
controls in 70 
coordinates 35 
creating 

safety pool and 290 
creation 

failure292 

Index 

creation attributes 124 
dialog See dialog windows 
dialog boxes vs. 140 
edit See edit windows 
file See file windows 
initializing controls 190 
main See main window 
objects 25, 81 

deriving26 
painting 289 
parent 26, See parent windows 
pop-up 67 

adding 57 
dialog boxes vs. 59 

resizing 289 
scrolling 131, See scrolling windows 
showing 109 
standard 85, 128 
style 

default 121 
styles 120, 122 
title 121 
tranfer mechanism 189 

WinProcs unit 84, 86 
WinTypes unit 84 
wm_ Close message 104 
wm_ Command message 114 
wm_Compacting message 213 
wm_Create message 108 
wm_First constant 

cm_First vs. 52 
wm_HScroll message 175 
wm_LButtonDown message 27 

parameters 35 
wm_LButtonUp message 37 
wm_MDIActivate message 197 
wm_MouseMove message 37 
wm_RButtonDown message 27 
wm_SetFocus message 128 
wm_ VScroll message 175 
WMSetFocus 

TEditWindow method 128 
WMSize 

TEditWindow method 128 
WObjects unit 84 
wParam 

message parameter 113 
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Write 
TStream method 327 
TStream procedure 319 

ws_Child style 159, 165, 172, 186 
ws_HScroll constant 132 
ws_HScroll style 177 
ws_Visiblestyle 109, 159, 165, 172, 177, 186 
ws_ VScroll constant 132 
ws_ VScroll style 177, 186 
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x 
$X compiler directive 51 
XU nit 

TScroller field 131 

y 
YU nit 

TScroller field 131 
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