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Note To set the position of a property sheet window in an application, use the
SetWindowPos function rather than the MoveWindow function. Call
SetWindowPos in the dialog box procedure of the property page that will open
first when a user activates a property sheet.

Creating a Tab Control

A tab control is analogous to a set of dividers in a notebook or labels in a file
cabinet. In a property sheet, a user selects a tab to move from one property sheet
page to another. The following screen shot shows a Windows CE tab control.

Options

[ Compose | Read | Delete | Services | —— Tabs

Deleted Iterns folder options:

| Delete local () Immediately

You send messages to a tab control to add tabs and otherwise affect the
appearance and behavior of the control. Each message has a corresponding macro,
which you can use instead of sending the message explicitly. Though you cannot
disable an individual tab in a tab control, you can disable a tab control in a
property sheet by disabling the corresponding page.

Each tab in a tab control consists of a label and application-defined data. This data
is specified by a TCITEM structure. You can add tabs to a tab control, get the
number of tabs, retrieve and set the contents of a tab, and delete tabs. Tabs are
identified by their zero-based index.

Windows CE supports two extended tab control styles. The first style uses the
TCM_SETEXTENDEDSTYLE message or its corresponding macro,
TabCtrl_SetExtendedStyle, to set the extended style. It uses the
TCM_GETEXTENDEDSTYLE message or its corresponding macro,
TabCtrl_GetExtendedStyle, to retrieve the extended style.

Note Because an extended tab control style is not the same as an extended
window style, you cannot pass an extended tab control style to CreateWindowEx
when you create a tab control.
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The second extended tab control style, TCS_EX_FLATSEPARATORS, draws a
separator between tab items in tab controls that have the TCS_BUTTONS or
TCS_FLATBUTTONS style. When you create a tab control with the
TCS_FLATBUTTONS style, this extended style is set by default.

To create a tab control

1. Specify the WC_TABCONTROL class in the IpClassName parameter of the
CreateWindowEx function.

Windows CE registers this class when it loads the common control DLL. You
can use the InitCommonControls function to ensure that this DLL is loaded.
To register the tab control class using the InitCommonControlsEx function,
specify the ICC_ TAB_CLASSES flag as the dwICC member of the
INITCOMMONCONTROLSEX structure you pass in the IpInitCtrls
parameter.

2. Specify a tab control style in the dwStyle parameter of the CreateWindowEx
function.

You can add tabs to the control using the TCM_INSERTITEM message, which
specifies the position of the tab and the address of its TCITEM structure. You
can retrieve and set the contents of an existing tab by using the TCM_GETITEM
and TCM_SETITEM messages. For each tab, you can specify an icon, a label, or
both. You can also specify application-defined data to associate with the tab.

You can associate application-defined data with each tab. For example, you might
save information about each page with its corresponding tab. By default, a tab
control allocates four extra bytes per tab for application-defined data. You can
change the number of extra bytes per tab by using the TCM_SETITEMEXTRA
message. You can use this message only when the tab control is empty.

The [Param member of the TCITEM structure specifies application-defined data.
If you use more than four bytes of application-defined data, you need to define
your own structure and use it instead of TCITEM. You can retrieve and set
application-defined data the same way you retrieve and set other information
about a tab: Use the TCM_GETITEM and TCM_SETITEM messages.

Note Windows CE does not support vertical text. If you create vertical tabs and
want to use vertical text, you have to create a text bitmap and rotate it. Then, you
can add the bitmap to an image list and attach it to the tab by specifying its image
list index in the ilmage member of the TCITEM or TCITEMHEADER
structure.
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Handling Tab Control Messages

When a user selects a tab, a tab control sends notification messages to its parent
window in the form of WM_NOTIFY messages. The tab control sends the
TCN_SELCHANGING notification message before the selection changes, and it
sends the TCN_SELCHANGE notification message after the selection changes.

You can process TCN_SELCHANGING to save the state of the outgoing page.
You can return TRUE to prevent the selection from changing. For example, you
might not want to switch away from a child dialog box in which a control has an
invalid setting.

To display the incoming page in the display area, you must process
TCN_SELCHANGE. Though processing might include changing the information
displayed in a child window, it will more likely entail destroying or hiding the
outgoing child window or dialog box and creating or showing the incoming child
window or dialog box.

You can retrieve and set the current table selection by using the
TCM_GETCURSEL and TCM_SETCURSEL messages.

Adding a Tab Control Image List

Each tab can have an icon associated with it. An index specifies the icon into the
image list for the tab control. When you create a tab control, it has no image list
associated with it. You can use the ImageList_Create function to create an image
list. You can assign it to a tab control by using the TCM_SETIMAGELIST
message.

You can add an image to a tab control’s image list just as you would add one to
any other image list. To ensure that each tab remains associated with its assigned
image, remove images by using the TCM_REMOVEIMAGE message instead of
the ImageList_Remove function.

Because destroying a tab control does not destroy an associated image list, you
must destroy the image list separately. Retaining the image list might be useful if
you want to assign the same image list to multiple tab controls.

To retrieve the handle of the image list currently associated with a tab control, you
can use the TCM_GETIMAGELIST message.
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Setting Tab Size and Position

The tab control display area is the area of the control in which an application
displays the current page. An application creates a child window or dialog box to
display the current page, and then it sets the window size and position to fit the
display area. You can use the TCM_ADJUSTRECT message to calculate a tab
control’s display area based on the dimensions of a specified rectangle or to
calculate the dimensions of a rectangle given the coordinates of a display area.

Each tab in a tab control has a size and a position. You can set the size of tabs,
retrieve the bounding rectangle of a tab, or determine which tab is located at a
specified position.

For fixed-width and owner-drawn tab controls, you can set the exact width and
height of tabs by using the TCM_SETITEMSIZE message. In other tab controls,
you calculate each tab’s size based on the icon and label for the tab. The tab
control includes space for a border and an additional margin. You can set the
thickness of the margin by using the TCM_SETPADDING message.

You use messages and styles to learn about tabs. You can determine the current
bounding rectangle for a tab by using the TCM_GETITEMRECT message. You
can determine which tab, if any, is at a specified location by using the
TCM_HITTEST message. In a tab control with the TCS_MULTILINE style, you
can determine the current number of rows of tabs by using the

- TCM_GETROWCOUNT message.

Using the Custom Draw Service

Windows CE supports the custom draw service. The custom draw service is not a
common control; it is a service that makes it easy to customize the appearance of
a common control. You can use it to change a common control’s color or font or
to partially or completely draw the control.
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A common control that supports the custom draw service provides this service by
sending an NM_CUSTOMDRAW notification at specific times during drawing
operations. The [Param of the NM_CUSTOMDRAW notification is a reference
to an NMCUSTOMDRAW structure. If the control is a list view, it uses the
NMLVCUSTOMDRAW structure; if the control is a tree view, it uses the
NMTVCUSTOMDRAW structure. This structure contains data that the
application can use to determine how to draw the control. The following common
controls can provide the custom draw service:

=  Command bands
= Header controls
= List views

= Toolbars

= Trackbars

= Tree views

Handling Paint Cycles, Drawing Stages, and Notification.
Messages

Common controls paint and erase themselves based on messages received from
the OS or other applications. The process of a control painting or erasing itself is
called a paint cycle. Controls that support custom draw send
NM_CUSTOMDRAW notification messages periodically throughout each paint
cycle. This notification message is accompanied by an NMCUSTOMDRAW
structure or another structure that contains an NMICUSTOMDRAW structure as
its first member.

In addition to other data, the NMCUSTOMDRAW structure informs the parent
window about what stage of the paint cycle the control is in. This is referred to as
the draw stage and is represented by the value in the structure’s dwDrawStage
member. A control informs its parent about four basic, or global, draw stages. The
following table shows the flag values, defined in the Commctrl.h header file, that
represent these stages in the structure.

Global draw stage value Description
CDDS_PREPAINT Before the paint cycle begins
CDDS_POSTPAINT After the paint cycle is complete
CDDS_PREERASE Before the erase cycle begins

CDDS_POSTERASE After the erase cycle is complete
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Each of the preceding values can be combined with the CDDS_ITEM flag to
specify draw stages for items. The following table shows item-specific values
contained in the Commctrl.h header file.

Item-specific draw stage value Description

CDDS_ITEMPREPAINT Before an item is drawn
CDDS_ITEMPOSTPAINT After an item has been drawn
CDDS_ITEMPREERASE Before an item is erased
CDDS_ITEMPOSTERASE After an item has been erased

You must process the NM_CUSTOMDRAW notification message and then
return a specific value that informs the control what it must do.

The key to harnessing custom draw features is in responding to the
NM_CUSTOMDRAW notification messages that a control sends. The return
values your application sends in response to these notifications determine the
control behavior for that paint cycle.

Responding to the Prepaint Notification

At the beginning of each paint cycle, the control sends the NM_CUSTOMDRAW
notification message, which specifies the CDDS_PREPAINT value in the
dwDrawStage member of the accompanying NMCUSTOMDRAW structure. The
value that your application returns to this first notification dictates how and when
the control sends subsequent custom draw notifications for the rest of that paint
cycle. The following table shows the flags that your application can return in
response to the first notification.

Return value Effect

CDRF_DODEFAULT The control draws itself. It does not send additional
NM_CUSTOMDRAW messages for this paint cycle.
This flag cannot be used with any other flag.

CDRF_NOTIFYITEDRAW The control notifies the parent of any item-specific
drawing operations. It sends NM_CUSTOMDRAW
notification messages before and after it draws items.
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If your application returns CDRF_NOTIFYITEMDRAW to the initial prepaint
custom draw notification, the control sends notifications for each item it draws
during that paint cycle. These item-specific notifications have the
CDDS_ITEMPREPAINT value in the dwDrawStage member of the
accompanying NMICUSTOMDRAW structure. Your application can request that
the control send another notification when it is done drawing the item by
returning CDRF_NOTIFYPOSTPAINT to these item-specific notifications.
Otherwise, your application can return CDRF_DODEFAULT, and the control
will not notify the parent window until it starts to draw the next item.

If your application draws the item, it should return CDRF_SKIPDEFAULT. This
enables the control to skip items that it need not draw, which conserves resources.
Remember that returning this value means that the control will not draw any
portion of the item, so your application must draw any item images.

Changing Fonts and Colors

Your application can use the custom draw service to change an item font. To do
this, select the HFONT you want into the device context specified by the hdc
member of the NMCUSTOMDRAW structure associated with that notification.
Because the font you select might have different metrics from the default font, be
sure that you include the CDRF_NEWFONT bit in the return value for the
notification message. For more information, see the code examples in the “Sample
Custom Draw Function” later in this chapter.

The font that your application specifies is used to display that item when it is not
selected. Custom draw does not enable you to change the font attributes for
selected items.

Sample Custom Draw Function

Upon receiving the prepaint notification CDDS_PREPAINT, the function
requests item-specific notifications by returning CDRF_NOTIFYITEMDRAW.
When it receives the subsequent item-specific notifications, it selects a previously
created font into the provided device context and specifies new colors before
returning CDRF_NEWFONT.
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The following code example shows how an application-defined function
processes custom draw notification messages sent by a child list view control.

LRESULT DoNotify (HWND hwnd, UINT msg, WPARAM wParam, LPARAM 1Param)
{

LPNMLISTVIEW pnm = (LPNMLISTVIEW)1Param;

switch (pnm->hdr.code)

{
case NM_CUSTOMDRAW:
{
LPNMLVCUSTOMDRAW 1plvcd = (LPNMLVCUSTOMDRAW)1Param;
if (Iplvcd->nmcd.dwDrawStage == CDDS_PREPAINT)
return CDRF_NOTIFYITEMDRAW;
if (1ptvcd->nmcd.dwDrawStage == CDDS_ITEMPREPAINT)
{
if (!(lplvcd->nmcd.dwltemSpec % 3))
SelectObject (1plvcd->nmcd.hdc, g_hNewFont);
else
return CDRF_DODEFAULT;
1plved->cirText = RGB(150, 75, 150);
1plvcd->cIrTextBk = RGB(255,255,255);
return CDRF_NEWFONT;
}
1
default:
break;
}

return 0;
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Working with Graphics

In Microsoft Windows CE, the graphics device interface (GDI) controls the
display of text and graphics. GDI provides several functions and structures you
can use to generate graphic output for displays, printers, and other devices. Using
GDI functions, you can draw lines, curves, closed figures, text, and bitmapped
images. The color and style of the items you draw depends on the drawing objects
you create. GDI provides three drawing objects you can use to create graphics:
pens to draw lines and curves, brushes to fill the interiors of closed figures, and
fonts to write text.

The Windows CE GDI is designed for devices with limited system resources.
Therefore, it does not include many of the special graphic functions found in
Windows-based desktop platforms. As a consequence, the Windows CE GDI is a
powerful, full-color graphics display system with a small footprint.

Applications direct output to a specified device by creating a device context for
the device. The device context is a GDI-managed structure containing information
about the device. An application creates a device context by calling device
context functions. GDI returns a device context handle used to identify the device.

Applications can direct output to a physical device, such as a display or printer, or
to a logical device, such as a memory device.

A device context also contains attributes that determine how GDI functions
interact with a device. These attributes eliminate the need to specify every piece
of information Windows CE requires to display an object on a device. If you want
to change an attribute, you can use attribute functions to change current device
settings and operating modes. Operating modes include text and background
colors and the mixing mode that specifies how colors in a pen or brush combine
with colors already on a display surface.
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Getting a Handle to a Device Context

Windows CE provides several methods for obtaining a device context handle,
depending on whether the device is a display, printer, or memory device. You use
a display device context to draw in the client area of a screen. You use a memory
device context to store bitmapped images in memory rather than sending it to an
output device. A memory device context enables Windows CE to treat a portion
of memory as a virtual device. You use a printer device context to send output to a
printer.

It is important when using a device context that you release or delete it when it is
no longer in use. Releasing a device context frees the device for use by other
applications.

Note Failure to delete objects no longer in use can significantly affect
performance.

Obtaining a Display Device Context

To get a handle to a display device context, call the BeginPaint or GetDC
function and supply a handle to a window. Windows CE returns a handle to a
display device context with default objects, attributes, and graphic modes. Newly
created device contexts start with default brush, palette, font, pen, and region
objects. You can begin drawing using these defaults, or you can choose a new
object, change the attributes of an existing object, or choose a new mode.

You can examine a default object’s attributes by calling the GetCurrentObject
and GetObject functions. The GetCurrentObject function returns a handle
identifying the current pen, brush, palette, bitmap, or font, and the GetObject
function initializes a structure containing the object attributes.

The following table shows the object-specific creation functions you can call to
replace a default object.

Graphics object Creation functions

Bitmap CreateBitmap, CreateCompatibleBitmap, CreateDIBSection

Brush CreateDIBPatternBrushPt, CreatePatternBrush,
CreateSolidBrush

Palette CreatePalette

Font CreateFontIndirect

Pen CreatePen, CreatePenIndirect
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Each of these functions returns a handle identifying the new object. After you
retrieve a handle, you can call the SelectObject function to select the new object
into the device context. However, you should save the SelectObject return value
because it is the handle to the default object. When you finish using the new
object, use SelectObject to restore the default object, and delete the new object
with the DeleteObject function.

When you have finished drawing in the display area, you must release the device
context by calling the EndPaint or ReleaseDC function. If you called
BeginPaint to create the device context, then call EndPaint to release it. If you
called GetDC to create the device context, then call ReleaseDC to release it.
Generally, you call BeginPaint and EndPaint while processing WM_PAINT
messages in your window procedure. Otherwise, call GetDC and ReleaseDC to
obtain and release a device context.

The following code example shows how to call GetDC and ReleaseDC to obtain
and release a device context and how to call SelectObject to get a new object.

HDC hDC; // Handle to a display device context
HBRUSH hBrush, // Handle to the new brush object
h01dBrush; // Handle to the old brush object

// Retrieve the handle to the display device context.
if (1(hDC = GetDC (hwnd)))
return;

// Create a solid brush and select it into the device context.
hBrush = CreateSolidBrush (RGB(@, 255, 255));
h01dBrush = SelectObject (hDC, hBrush);

// Draw a rectangle.
Rectangle (hDC, @, 0, 100, 200);

// Select the old brush back into the device context.
SelectObject (hDC, hOl1dBrush);

// Delete the new brush object.
DeleteObject (hBrush);

// Release the device context.
ReleaseDC (hwnd, hDC);
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Obtalnlng a Memory and Printer Device Context

You can create a memory device context for a device by calling the
CreateCompatibleDC function and supplying a handle to the device context.
Memory device contexts are also called compatible device contexts because they
are created to be compatible with a particular device. Windows CE creates a
temporary 1 x 1 pixel monochrome bitmap and selects it into the device context
after calling CreateCompatibleDC. Before you can draw with this device
context, you must call the SelectObject function to select a bitmap with the
appropriate width, height, and color depth into the device context. Once the new
bitmap is selected into the memory device context, you can use the device context
to store images. For more information about image storage, see “Creating
Bitmaps” later in this chapter.

You obtain a handle to a printer device context by calling the CreateDC function.
Call the DeleteDC function to delete the printer device context when finished
printing.

Note You must delete, rather than release, a printer or memory device context;
the ReleaseDC function fails if you try to use it to release a printer or memory
device context.

Modifying a Device Context

Once you have created a device context, call GetDeviceCaps to retrieve device
data. GetDeviceCaps provides data about a device’s color format and raster
capabilities, as well as its shape, text, and line drawing capabilities.

Before modifying a device context, save the current device context settings. Call
the SaveDC function to record the condition of your device context’s graphics
objects and graphic modes to a special GDI stack. Call this function to save your
application’s original state. Call RestoreDC to return the device context to this
original state.

To modify the appearance of a device context, you can use graphics mode
functions. Graphics modes control general display characteristics, such as how
colors are mixed. Windows CE supports the background graphics mode and
drawing mode. A background graphics mode defines how background colors are
mixed with window or screen colors for text and bitmap operations. A drawing
mode defines how foreground colors are mixed with window or screen colors for
pen, brush, bitmap, and text operations.
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Windows CE initializes a device context with default graphics modes. You can
get the current background mix mode with the GetBkMode function and set it
with the SetBkMode function. In Windows CE, the background mix mode affects
the appearance of text and certain pen types. You can set the foreground mix
mode with the SetROP2 function. The foreground mix mode controls how the
brush or pen colors and the image colors combine. SetROP2 returns the mix
mode for the last foreground mix mode.

You can change the viewpoint origin from its default starting point in the upper-
left corner of the screen with the SetViewportOrgEx function.

Note Windows CE does not support multiple mapping modes. The only mapping
mode is MM_TEXT, which maps logical coordinates to the physical coordinates
in a 1:1 ratio from left to right and top to bottom.

Creating Bitmaps

A bitmap is an array of bits that, when mapped to a rectangular pixel array on an
output device, creates an image. Use bitmaps to create, modify, and store images.

Windows CE supports two types of bitmaps, device-dependent bitmaps (DDBs)
and device-independent bitmaps (DIBs). A device-dependent bitmap does not
have its own color table and therefore can be properly displayed only by a device
with the same display memory organization as the one on which it was created. A
device-independent bitmap, on the other hand, generally has its own color table
and therefore can be displayed on multiple devices. It is recommended that you
use DIBs in Windows CE-based applications.

» To create a device-independent bitmap
1. Call the CreateDIBSection function.

CreateDIBSection creates a DIBSection, which contains all the information
necessary for displaying the DIB.

2. Call the SelectObject function to select the DIBSection into the device
context.

3. Select the DIBSection again and call DeleteObject to delete the DIBSection
when finished.
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The BITMAPINFO structure defines the dimensions and color information for a
DIB. This structure consists of a BITMAPINFOHEADER structure and an array
of two or more RGBQUAD structures. The BITMAPINFOHEADER structure
contains information about the dimensions and color format of a DIB. Each
RGBQUAD structure defines one bitmap color. The BITMAPINFO structure
must include a color table if the images are palettized with formats of 1, 2, 4, or 8
bits per pixel (bpp). For a 16 bpp or 32 bpp non-palettized image, the color table
must be three entries long; the entries must specify the value of the red, green, and
blue (RGB) bitmasks. Because GDI ignores the color table for 24-bpp bitmaps,
you should store the image pixels in RGB format.

To create a device-dependent bitmap
1. Call CreateCompatibleDC to create a memory device context.

This function creates a device context compatible with the specified device.
The device context contains a single-bit array that serves as a placeholder for a
bitmap.

2. Call CreateBitmap or CreateCompatibleBitmap to create the bitmap. If
calling CreateCompatibleBitmap, be sure that you specify a screen device
context rather than a memory device context; otherwise, you will get a device
context to a 1-bpp device.

3. Call SelectObject to select the bitmap into the device context.

Windows CE then replaces the single-bit array with an array large enough to
store color data for the specified rectangle of pixels.

When you draw using the handle returned by CreateCompatibleDC, the output
does not appear on a device’s drawing surface; rather, it is stored in memory. To
copy the image stored in memory to a display device, call the BitBIt function.
BitBIt copies the bitmap data from the bitmap in the source device context into
the bitmap in the target device context. In this case, the source device context is
the memory device context, and the target device context is the display device
context. Thus, when BitBlt completes the transfer, the image appears on the
screen. By reversing the source and target device contexts, you can call BitBlt to
transfer images from the screen into memory.

The following code example shows how to create a memory device context, how
to use a CreateCompatibleBitmap to create a bitmap, and how to use BitBIt to
copy bitmap data from the source device context to the target device context.
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VOID BitmapDemo (HWND hwnd)

{

HDC hDC, // Handle to the display device context
hDCMem; // Handle to the memory device context
HBITMAP hBitmap, // Handle to the new bitmap
h01dBitmap; // Handle to the old bitmap
static int iCoordinate[2001[4];
int i, j,
iXSrc, iYSrc, // x and y coordinates of the source
// Rectangle's upper-left corner
iXDest, iYDest, // x and y coordinates of the destination
// Rectangle's upper-left corner
iWidth, iHeight; // Width and height of the bitmap

/! Retrieve the handle to a display device context for the client
// area of the window (hwnd).
if (1(hDC = GetDC (hwnd)))

return;

// Create a memory device context compatible with the device.
hDCMem = CreateCompatibleDC (hDC);

// Retrieve the width and height of windows display elements.
iWidth = GetSystemMetrics (SM_CXSCREEN) / 10;
iHeight = GetSystemMetrics (SM_CYSCREEN) / 10;

// Create a bitmap compatible with the device associated with the
// device context.
hBitmap = CreateCompatibleBitmap (hDC, iWidth, iHeight);

// Select the new bitmap object into the memory device context.
hOT1dBitmap = SelectObject (hDCMem, hBitmap);

for (i =0; 1 < 2; i++)

{
for (j = 0; j < 200; j++)
{
if (i ==10)
{
iCoordinate[j][0] = iXDest = iWidth * (rand () % 10);
iCoordinate[j][1] = iYDest = iHeight * (rand () % 10);

iCoordinate[j][2] = iXSrc = iWidth * (rand () % 10);
iCoordinate[j1[3] iYSrc = iHeight * (rand () % 10);
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else
{ -
iXDest = iCoordinate[200 - 1 - jI[0];
iYDest = iCoordinate[200 - 1 - j1[11:
iXSrc = iCoordinate[200 - 1 - jl[2];
iYSrc = iCoordinate[200 - 1 - j1[3];
}

// Transfer pixels from the source rectangle to the destination

// rectangle.

BitB1t (hDCMem, @, @, iWidth, iHeight, hDC, iXDest, iYDest,
SRCCOPY);

BitB1t (hDC, iXDest, iYDest, iWidth, iHeight, hDC, 1iXSrc, iYSrc,
SRCCOPY);

}
}

// Select the old bitmap back into the device context.
SelectObject (hDC, hO1dBitmap); :

// Delete the bitmap object and free all resources associated with it.
DeleteObject (hBitmap);

// Delete the memory device context and the display device context.
DeleteDC (hDCMem);
DeleteDC (hDC);

return;

3

Bit block transfer (blit) functions, such as BitBIt, can be used to modify as well as
transfer bitmaps. These functions modify a destination bitmap by combining it
with a pen, a brush, and, in some cases, a source bitmap, in a format specified by a
raster operation (ROP) code. Each ROP code specifies a unique logical pattern for
combining graphics objects. For example, the SRCCOPY ROP simply copies a
source bitmap to a destination bitmap, while the MERGECOPY ROP merges the
colors of a source rectangle with a specified pattern.

The following table shows the ROP code types.

ROP type Description

ROP2 Combines a pen or brush with a destination bitmap in one of 16 possible
combinations.
ROP3 Combines a brush, a source bitmap, and a destination bitmap in one of 256

possible combinations.

ROP4 Uses a monochrome mask bitmap to combine a foreground ROP3 and a -
background ROP3. The mask uses zeros and ones to indicate the areas
where each ROP3 will be used.
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When the source and destination bitmaps are different sizes, you can call the
StretchBIt function to perform a blit between the two bitmaps. StrechBIt copies a
bitmap from a source rectangle into a destination rectangle, stretching or
compressing the bitmap to fit the destination rectangle.

Additionally, you can call the PatBIt function to paint a selected rectangle using a
selected brush and an ROP3 code. You can also call the TransparentImage to
transfer all portions of a bitmap except for those drawn in a specified transparent
color. This function is especially useful for transferring non-rectangular images
such as icons.

Note Windows CE supports arbitrary bit pixel formats, which enable you to use
blit functions among bitmaps with different pixel depths.

Working with Colors

Some display devices and printers display only monochrome images; others use
hundreds, thousands, or millions of colors. You should design your applications to
display properly on devices with a variety of color capabilities.

The color range available to a display device is determined primarily by the pixel
depth it supports. Pixel depth is measured in bits per pixel. Each bit can have a
value of 1 or 0. A pixel depth of 1 bpp accepts only two values. While these
values are usually black and white, you can use any two colors available on your
device. A pixel depth of 2 bpp has four possible color values or all possible
combinations of () and 1 with two bits. In general, the number of possible colors is
equal to 2 raised to the power of the pixel depth. Windows CE supports pixel
depths of 1, 2, 4, 8, 16, 24, and 32 bpp.

You can call the GetDeviceCaps function, which specifies the NUMCOLORS
value, to discover the number of colors a device supports. Usually, this count
corresponds to a physical property of the output device, such as the number of
inks in the printer or the number of distinct color signals the display adapter can
transmit to the monitor. For modes greater than 8 bpp, use the return value of
GetDeviceCaps with the BITSPIXEL value. The number of supported colors for
that mode is 2 raised to the power of the return value.

Windows and applications use parameters and variables having the COLORREF
type to pass and store color values. You can extract the individual values of the
red, green, and blue components of a color value by using the GetRValue,
GetGValue, and GetBValue macros, respectively. Use the RGB or
PALLETERGB macros to create a color value from individual RGB component
values. -
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If you request a color that the display device cannot generate, Windows CE
approximates it with a color that the device can generate. For example, if you
attempt to create a red pen for a black-and-white printer, you will receive a black
pen instead—Windows CE uses black as the approximation for red.

You can discover how Windows CE approximates a specified color by calling the
GetNearestColor function. The function takes a color value and returns the color
value of the closest matching color the device can generate.

Windows handles colors in bitmaps differently from colors in pens, brushes, and
text. Compatible bitmaps, created by calling the CreateBitmap or
CreateCompatibleBitmap function, retain color information in a device-
dependent format. Specifically, device-dependent bitmaps use the color values of
the device on which they were created.

The DIBSection structure representing a DIB retains color information as either
color values or color palette indexes. If color values are used, the colors might be
approximated as necessary. Although Windows CE does not approximate colors
identified by indexes, the colors in the bitmap could change if the palette changes.

Note An offscreen DIB section should have the same color table as the screen;
otherwise, GDI will have to perform a time-consuming color translating blit when
the DIB section is transferred to the screen. For grayscale devices, the color table
should be 0x000000, 0x808080, 0xc0c0c0, and OXFFFFFF. For color devices, the
application should first query the standard palette to determine its color display
capabilities, and then build a matching color table.

Working with Palettes

A palette is a collection that contains the colors that can be displayed on an output
device. Palettes are used by devices that can display only a subset of their
potential colors at any specified time.

Windows CE has no standard color palette and creates a default palette each time
you create a device context. Windows CE bases this palette on the device
capabilities. Most devices have 256 colors. Display devices, for example, often
use the 16 standard video graphics adapter (VGA) colors and 4 other Windows
CE—defined colors. Printer devices might use other default colors. If you specify a
pen or text color not in the default palette, Windows CE approximates the display
color with the closest color in the palette. When displaying bitmaps, Windows CE
assigns colors to a bitmap based on the bitmap’s associated color table. If an
image has no color table, Windows CE uses the color palette in the currently
selected device context.
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You cannot change the entries in the default palette. However, you can create
your own logical palette and select the palette into a device context in place of the
default palette. You can use logical palettes to define and use colors that meet
your specific needs. Windows CE enables you to create multiple logical palettes.
You can attach each logical palette to a unique device context or you can switch
between multiple logical palettes in a single device context.

Windows CE supports both palettized and non-palettized color display devices.
Palettized devices have a color palette coded directly into their display card. Non-
palettized devices use pixel bit values in the video memory to directly define
colors in terms of their RGB values. You can use the GetDeviceCaps function to
determine if a device supports color palettes.

To create a logical color palette

1. Assign values to the members of a LOGPALETTE structure and pass a
pointer to the structure to the CreatePalette function.

The function returns a handle to a logical palette with the values specified in
the LOGPALETE structure.

2. Call the SelectPalette function to select the palette into the current device
context.

3. Call the RealizePalette function to make the system palette the same as the
palette in the current device context.

Your logical palette should have just enough entries to represent the colors you
need. You can call the GetDeviceCaps function with the SIZEPALETTE index
to retrieve the maximum palette size associated with a device.

When working with palettes, you can change the colors in an existing logical
palette as well as retrieve color values. The following table shows how to modify
the color palette.

To Call

Change the colors in an existing logical SetPaletteEntries
palette.

Update the display after changing or RealizePalette

creating a palette.

Retrieve the color values for a logical GetPaletteEntries
palette. i

Retrieve the value in a specified logical GetNearestPaletteIndex

palette that most closely matches a
specified color value.

Delete a logical palette. Be sure that the DeleteObject
logical palette is not selected into a device
context when you delete it.
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Note The GetSystemPaletteEntries and RealizePalette functions will fail if the
device associated with the selected device index does not have a palette that you
can set. Call GetDeviceCaps to determine if the device has a palette that you can
set.

Windows CE does not arbitrate between the palettes of the background and
foreground applications. The application running in the foreground controls the
system palette. Applications that use colors other than standard Windows colors
might not display properly when they run in the background. Windows CE does
not perform any color matching operations between the foreground and
background applications; therefore, background applications cannot successfully
call RealizePalette.

The following code example shows how to create color palettes.

HPALETTE CreateScalePalette (HDC hDC, int iColor)
{
HPALETTE hPalette = NULL; // Handle of the palette to be created
LPLOGPALETTE 1pMem = NULL; // Buffer for the LOGPALETTE structure
// which defines the palette

int index, // An integer
iReserved, // Number of reserved entries in the
// system palette
iRasterCaps; // Raster capabilities of the display

// device context
// Retrieve the raster capabilities of the display device context.
// Check if it is capable of specifying a palette-based device, then
// determine the number of entries in the logical color palette.

iRasterCaps = GetDeviceCaps (hDC, RASTERCAPS);
iRasterCaps (iRasterCaps & RC_PALETTE) ? TRUE : FALSE;

if (iRasterCaps)
{
iReserved = GetDeviceCaps (hDC, NUMRESERVED);
iPalSize = GetDeviceCaps (hDC, SIZEPALETTE) - iReserved;
1
else
iPalSize = GetDeviceCaps (hDC, NUMCOLORS):

// If there cannot be any entries in the logical color palette, exit.
if (iPalSize <= 0)
{
MessageBox (g_hwndMain, :
TEXT("Palette can't be created, there can't be any")
TEXT("entries in it."),
TEXT("Info™),
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MB_OK);
goto exit;
}

// Allocate a buffer for the LOGPALETTE structure.
if (!{(1pMem = (LOGPALETTE *) LocalAlloc (LMEM_FIXED,
sizeof (LOGPALETTE) + sizeof (PALETTEENTRY) * iPalSize)))
goto exit;

T1pMem->palNumEntries = (WORD) iPalSize;
1pMem->palVersion = (WORD) 0x0300;

switch(iColor)
{
case 0: // Red color component only
for (index = 0; index < iPalSize; index++)
{
1pMem->palPalEntry[index].peRed = (BYTE) index;
1pMem->palPalEntry[index].peGreen = 0;
1pMem->palPalEntry[index].peBlue 0;
1pMem->palPalEntry[index].peFlags = 0;
}
break;

case 1: // Green color component only

for (index = 0; index < iPalSize; index++)

{
1pMem->palPalEntry[index].peRed 0;
1pMem->palPalEntry[index].peGreen (BYTE) index;
1pMem->palPalEntry[index].peBlue = 0;
1pMem->palPalEntry[index].peFlags = 0;

}

break;

case 2: // Blue color component only

for (index = 0; index < iPalSize; index++)

{
1pMem->palPalEntry[index].peRed = 0;
1pMem->palPalEntry[index].peGreen = 0;
1pMem->palPalEntry[index].peBlue = (BYTE) index;
1pMem->palPalEntry[index].peFlags = @;

}

break;
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case 3: // Grayscale palette

default: ) .
for (index = 0; index < iPalSize; index++)
{

1pMem->palPalEntry[index].peRed
1pMem->palPalEntry[index].peGreen (BYTE) index;
1pMem->palPalEntry[index].peBlue (BYTE) index;
1pMem->palPalEntry[index].peFlags = 0;

}

break;

(BYTE) index;

}

// Create the palette.
hPalette = CreatePalette (1pMem);

// Free the memory object TpMem.
LocalFree ((HLOCAL) TpMem);

exit:
return hPalette;
}

Working with Pens

In Windows CE, a pen is a graphics object for drawing lines. Drawing
applications use pens to draw freehand lines and straight lines. Computer-aided
design (CAD) applications use pens to draw visible lines, section lines, center
lines, and so on. Word processing and desktop publishing applications use pens to
draw borders and rules. Spreadsheet applications use pens to designate trends in
graphs and to outline bar graphs and pie charts.

Windows CE stock pens include the BLACK_PEN and the WHITE_PEN,
which draw a solid, 1-pixel-wide line in their respective color, and the
NULL_PEN, which does not draw. You obtain the stock pens with the
GetStockObject function.

You call the CreatePen or CreatePenIndirect function to create a custom pen
with a unique color, width, or pen style.
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The following table shows the pen styles supported by Windows CE.

Pen style Description
PS_SOLID Draws a solid line
PS_DASH Draws a dashed line
PS_NULL Does not draw a line

Windows CE supports wide pens and dashed pens, but does not support wide
pens, dashed pens, dotted pens, inside frame pens, geometric pens, or pen endcap
styles.

You can create a pen with a unique color by storing the RGB value that specifies
the color that you want in a COLORREF structure and passing this structure
address to the CreatePen or CreatePenIndirect function. In the case of
CreatePenlIndirect, the COLORREF pointer is incorporated into the LOGPEN
structure, which is used by CreatePenIndirect.

Note The wide pen requires significant GDI computation. To improve the
performance of a handwriting application, use a standard size pen.

The following code example shows how to use pen functions.

fidefine NUMPT 200

HDC hDC; // Handle to the display device context
HPEN hPen, // Handle to the new pen object
hOl1dPen; // Handle to the old pen object
RECT rect; // A RECT structure that contains the window’s
// client area coordinates
int index,
iCBHeight; // Command bar height
POINT ptAxis[2], // Two dimensional POINT structure array

ptSine[NUMPT]; // 20@ dimensional POINT structure array
static COLORREF g_crColor[] = {
0x000000FF,0x0000FF00,0x00FF0000, 0X0B0QFFFF,
OxQ0FFOOFF,0x00FFFF0Q,0x00FFFFFF,0x00000080,
0x00008000,0x00800000,0x00008080, 0x00800080,
0x00808000,0x00808080,0x000000FF, 0x0000FFQ0,
0x00FF0000,0x0000FFFF,0x00FFOOFF, 0x00FFFFQQ} ;

// Retrieve a handle to a display device context for the client
// area of the window (hwnd).
if (1(hDC = GetDC (hwnd)))

return;

// Retrieve the coordinates of the window’s client area.
GetClientRect (hwnd, &rect);
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// Retrieve the height of the command bar in pixels.
iCBHeight = CommandBar_Height (g_hwndCB);

// Assign the axis points coordinates in pixels.

ptAxis[0].x = 0;

ptAxis[@].y = iCBHeight + (rect.bottom - iCBHeight) / 2;
ptAxis[1].x = rect.right - 1;

ptAxis[1].y = ptAxis[0].y:

// Assign the sine wave points coordinates in pixels.
for (index = 0; index < NUMPT; ++index)

{
ptSine[index].x = index * rect.right / NUMPT;
ptSine[index].y = (long) (iCBHeight + \
(rect.bottom - iCBHeight) / 2 * \
(1 - sin (8 * 3.14159 * index / NUMPT))):
}

// Create a dash pen object and select it.
hPen = CreatePen (PS_DASH, 1, g_crColor[5]);
h0O1dPen = SelectObject (hDC, hPen);

// Draw a straight line connecting the two points.
Polyline (hDC, ptAxis, 2);

// Select the old pen back into the device context.
SelectObject (hDC, hOl1dPen);

// Delete the pen object and free all resources associated with it.
DeleteObject (hPen);

// Create a solid pen object and select it.
hPen = CreatePen (PS_SOLID, 3, g_crColor[5]);
hO1dPen = SelectObject (hDC, hPen);

// Draw a sine wave shaped polyline.
Polyline (hDC, ptSine, NUMPT);

// Select the old pen back into the device context.
SelectObject (hDC, h01dPen);

// Delete the pen object and free all resources associated with it.
DeleteObject (hPen);

// Release the device context.
ReleaseDC (hwnd, hDC);

return;
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Working with Brushes

In Windows CE, a brush is a graphic object for painting the interior of closed
shapes. Drawing applications use brushes to paint shapes; word-processing
applications use brushes to paint rules; CAD applications use brushes to paint the
interiors of cross-section views; and spreadsheet applications use brushes to paint
graphs.

When you call one of the functions that create a brush, such as
CreatePatternBrush, it returns a handle to a logical brush. When you select the
logical brush into the device context with the SelectObject function, the device
driver for the corresponding device creates the physical brush used for painting.

When you call a painting function, GDI maps a pixel in the brush bitmap to the
window origin of the client area. The window origin is the upper-left corner of the
window client area. The coordinates of the mapped pixel are called the brush
origin. The default brush origin is the upper-left corner of the brush bitmap, at the
coordinates (0, 0). You can call the SetBrushOrgEx function to change the
location of the brush origin by a specified number of pixels. To make the changes
effective, you must call the SelectObject function to select the modified brush.

Windows CE supports three types of logical brushes: stock brushes, solid brushes,
and pattern brushes.

The types of stock brushes include the white brush, black brush, gray brush, light
gray brush, dark gray brush, and the null brush, which does not paint. Call the
GetStockObject function to select one of the stock brushes.

Windows CE maintains 21 stock brushes whose colors are used in window
elements such as menus, scroll bars, and buttons. You can obtain a handle to a
system stock brush with the GetSysColorBrush function. Furthermore, you can
retrieve the color window element with the GetSysColor function, and set a color
corresponding to a window element with the SetSysColors function.

A solid brush contains 64 pixels of the same color in an 8 x 8 pixel square. You
can call the CreateSolidBrush function to create a solid brush of a specified
color. To paint with your solid brush, call SelectObject to select it into a specified
device context.

You can create a pattern brush from an application-defined bitmap or a device-
independent bitmap. To create a logical pattern brush, you must create a bitmap
and then call the CreatePatternBrush or CreateDIBPatternBrushPt function,
supplying a handle that identifies the bitmap or DIB.
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Windows CE does not support hatched brushes. However, you can achieve the
effect of a hatched brush by calling the CreateDIBPatternBrushPt function to
create a pattern brush with the hatch pattern that you want.

The following code example shows how to use brush functions.

HDC hDC; // Handle to the display device context

HRGN hRgn; // Handle to a region object

HBRUSH hBrush; // Handle to a brush object

RECT rect; // A RECT structure that contains the window’s

// client area coordinates
static COLORREF g_crColor[] = {
0x000000FF,0x0000FF00,0x00FF0000,0x0000FFFF,
OxQOFFQOFF,0x00FFFF00,0x00FFFFFF,0x00000080,
0x00008000,0x00800000,0x00008080,0x00800080,
0x00808000,0x00808080,0x000000FF,0x0000FFQ0Q,
Ox00FF0000,0x0000FFFF,0x00FFQOFF,0x00FFFF00} ;

// Retrieve the handle to a display device context for the client
// area of the window (hwnd).
if (1(hDC = GetDC (hwnd)))

return;

// Retrieve the coordinates of the window’s client area.
GetClientRect (hwnd, &rect):

// Create a rectangular region.
hRgn = CreateRectRgn (0, @, rect.right, rect.bottom);

// Create a solid brush.
hBrush = CreateSolidBrush (g_crColor[0]);

// Fill the region out with the created brush.
Fi11Rgn (hDC, hRgn, hBrush);

// Delete the rectangular region.
DeleteObject (hRgn);

// Delete the brush object and free all resources associated with it.
DeleteObject (hBrush);

// Release the device context.
ReleaseDC (hwnd, hDC);

return;
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Printing

Windows CE does not send printing commands directly to output devices. Rather,
it passes all output information to device drivers, which in turn send the
information to display devices and printers. Windows CE has a small footprint in
part because it does not need to maintain hard-coded routines for interfacing with
multiple output devices.

Most applications strive for “what you see is what you get” (WYSIWYG) output.
Ideally, WYSIWYG means that text drawn with a specified font and size on the
screen has a similar appearance when printed. However, it is almost impossible to
obtain true WYSIWYG output, partly because of differences between video and
printer technologies.

To obtain a WYSIWYG effect when drawing text, call the CreateFont function
and specify the typeface name and logical size of the font you would like to draw
with, and then call the SelectObject function to select the font into a printer
device context. Windows CE will select a physical font that is the closest possible
match to the specified logical font.

To start a print job
1. Call the SetAbortProc function to establish an abort procedure.

The abort procedure should include a modeless dialog box that enables a user
to cancel a print job.

2. Initialize the necessary variables registered in your AbortProc function.
3. Display a modeless Cancel dialog box.
4. Call the StartDoc function to start the print job.

Once you start the print job, you can define individual pages in the document by
calling the StartPage and EndPage functions and embedding the appropriate
calls to GDI drawing functions within this bracket. After you define the last page,
you can close the document and end the print job with the EndDoc function.
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Working wi

Windows CE does not have a print manager. It will not spool or print more than a
single copy of a document.

Note The display driver does all the rendering in Windows CE and scales the
output to the printer resolution. If you intend to print text, you should use a
system with TrueType fonts because raster fonts cannot be scaled to different
printer resolutions without significantly compromising text quality.

th Regions

In Windows CE, a region is a rectangle that can be filled, painted, framed, and
tested to see if it contains a particular point.

You create a region by calling CreateRectRgn or CreateRectRgnIndirect.
These functions return a handle identifying the new region. When using the
CreateRectRgn and CreateRectRgnIndirect functions, use values for regions
that can be represented by 16-bit integers because that is how region data is stored
in Windows CE. Once you have a handle to a region, you can select the region
into a device context with the SelectObject function.

You can perform a variety of operations on a region. You can paint or invert its
interior, draw a frame around it, retrieve its dimensions, and test whether a
particular point lies within it. The following table shows what tasks you can
perform on regions. '

To Call
‘Determine if two regions are equal in size EqualRgn
and shape

Paint the interior of a region with a FillRgn
specified brush

Retrieve the dimensions of a region’s GetRgnBox
bounding rectangle

Move a region a specified number of OffsetRgn
logical units

Retrieve data describing a region GetRegionData
Determine if a point is inside a specified PtInRegion

region
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You can also combine or compare a region with another region by calling the
CombineRgn function. The following table shows how you can call the
CombineRgn function to combine two regions together.

Value Description

RGN_AND The intersecting parts of two original regions define a new region.

RGN_COPY A copy of the first of the two original regions defines a new region.

RGN_DIFF The part of the first region that does not intersect the second defines a
» new region.
RGN_OR The two original regions define a new region.
RGN_XOR Those parts of the two original regions that do not overlap define a new
region.

Windows CE does not support the InvertRgn or InvertRect functions. You can
achieve the effect of InvertRect by calling the PatBlt function with an ROP code
of DSTINVERT.

Clipping Regions
You can use clipping regions to restrict your output to a specified subregion of the

client area. To use a clipping region, you must select it into the device context
associated with the display device.

Clipping is used in Windows CE in a variety of ways. Word processing and
spreadsheet applications clip keyboard input to keep it from appearing in the
margins of a page or spreadsheet. Computer-aided design and drawing
applications clip graphics output to keep it from overwriting the edges of a
drawing or picture.

Some device contexts provide a predefined or default clipping region. For
example, the device context created by the BeginPaint function contains a
predefined rectangular clipping region that corresponds to the invalid rectangle to
be repainted. However, the device contexts created by the CreateDC and GetDC
functions contain empty clipping regions; clipping is done only to keep graphics
output in the window client area.
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You can perform a variety of operations on clipping regions. Some of these
operations require a handle identifying the region and some do not. For example,
you can perform the following operations directly on a device context clipping
region:

= Determine if part of the client area intersects a region by calling the
RectVisible function.

= Exclude a rectangular part of the client area from the current clipping region
by calling the ExcludeClipRect function.

= Combine a rectangular part of the client area with the current clipping region
by calling the IntersectClipRect function.

After obtaining a handle identifying the clipping region, you can perform any
operation common with regions, such as the following operations:

= Combine a copy of the current clipping region with a second region by calling
the CombineRgn function.

= Compare a copy of the current clipping region to a second region by calling
the EqualRgn function.

= Determine if a point lies within the interior of a copy of the current clipping
region by calling the PtInRegion function.

Creating Shapes and Lines

Windows CE enables you to draw lines and a variety of filled shapes. A line is a
set of highlighted pixels on a raster display or a set of dots on a printed page
identified by two points, a starting point and an ending point. In Windows CE, the
pixel located at the starting point is always included in the line, and the pixel
located at the ending point is always excluded.

You can draw a series of connected line segments by calling the Polyline function
and supplying an array of points that specify the ending point of each line
segment. ’

Note Windows CE does not support the LineTo or the MoveToEx function.
However, you can call the Polyline function in Windows CE to achieve the same
results that you would get in Windows-based desktop platforms if you called the

- MoveToEx function and then made one or more calls to the LineTo function.
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Filled shapes are geometric shapes that Windows CE outlines with the current pen
and fills with the current brush. Windows CE supports four filled shapes: ellipse,
polygon, rectangle, and round rectangle, which is a rectangle with rounded
corners.

A Windows CE-based application uses filled shapes in a variety of ways.
Spreadsheet applications, for example, use filled shapes to construct charts and
graphs; drawing applications enable users to draw figures and illustrations using
filled shapes.

An ellipse is a closed curve defined by two fixed points—f/ and f2—such that the
sum of the distances—d/ + d2—from any point on the curve to the two fixed
points is constant. The following illustration shows an ellipse drawn by using the
Ellipse function.

Ellipse

When calling Ellipse, supply the coordinates of the upper-left and lower-right
corners of the ellipse bounding rectangle. A bounding rectangle is the smallest
rectangle that completely surrounds the ellipse.

A polygon is a filled shape with straight sides. Windows CE uses the currently
selected pen to draw the sides of the polygon and the current brush to fill it.
Windows CE fills all enclosed regions within the polygon with the current brush.

Note Windows CE does not support multiple fill modes. When it fills a polygon,
it fills all subareas created by intersecting lines within the polygon.

A rectangle is a four-sided polygon whose opposing sides are parallel and equal in
length and whose interior angles are 90 degrees. Although you can call the
Polygon function to draw a rectangle if you supply it with all four sides, it is
easier to call the Rectangle function. This function requires only the coordinates
of the upper-left and the lower-right corners.

You can call the RoundRect function to draw a rectangle with rounded corners.
Supply this function with the coordinates of the lower-left and upper-right corners
of the rectangle and the width and height of the ellipse used to round each corner.
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You can call the FillRect function to paint the interior of a rectangle. You can call
the FillRgn function to fill a region using the specified brush.

Because Windows CE does not support paths, many line-drawing functions
available on Windows-based desktop platforms are not available in Windows CE.
Windows CE does not support functions to draw an arc, beizer curve, chord, pie,
polypolygon, or polypolyline. However, you can approximate these shapes using
existing Windows CE drawing functions. For example, you can create an arc by
calling the Ellipse function with an appropriately defined clipping region.

Note The Ellipse and RoundRect functions require significant GDI computation.
To increase your application performance, use these functions sparingly.

The following code example shows how to create shapes and lines using the
Rectangle, Ellipse, Polygon, and RoundRect functions.

VOID DrawRandomObjects (HWND hwnd)

{
HDC hDC; // Handle to the display device context
RECT rect; // A RECT structure that contains the
// window’s client area coordinates

POINT pt[4]: // Four dimensional POINT structure array
HBRUSH hBrush, // Handle to the new brush object

h01dBrush; // Handle to the old brush object
TCHAR szDebug[80@]; // A debug message string

int x1, yl, x2, y2, x3, y3, x4, y4,
// The coordinates of four points
iRed, iGreen, iBlue, // Indicate the Red, Green, Blue component
// Color of the brush
iObject; // An integer indicates the type of objects

// Retrieves the handle to the display device context.
if (1(hDC = GetDC (hwnd)))
return;

// Retrieve the coordinates of a window's client area.
GetClientRect (hwnd, &rect);

// Avoid divide by zero errors when the window is small.
if (rect.right == 0)

rect.right++;
if (rect.bottom == @)

rect.bottom++;

// Generate three random numbers.
iRed = rand() % 255;
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iGreen = rand() % 255;

iBlue = rand() % 255;
// Create a solid brush object and select it into the device context.

hBrush = CreateSolidBrush (RGB(iRed, iGreen, iBlue));

if (h01dBrush = SelectObject (hDC, hBrush))

{

//
x1
yl
x2
y2
x3
y3
x4
y4

/1

Randomly
= rand()
= rand()
= rand()
= rand()
= rand()
= rand()
= rand()
= rand()

Randomly

generates four points.

%
%
%
%

generate an integer to indicate the type of objects.

rect.
rect.
rect.
rect.
rect.
rect.
rect.
rect.

right;
bottom;
right;
bottom;
right;
bottom;
right;
bottom;

iObject = rand() % 4;

switch (i0bject)

{

case 0:

wsprintf (szDebug, TEXT("Rectangle(%d .%d, %d, %d)\n"),

x1, yl, x2, y2);

// Draws a rectangle.
Rectangle (hDC, x1, yl, x2, y2):

break;

case 1:

wsprintf (szDebug, TEXT("Ellipse(%d, %d, %d, %d)\n"),

x1, yl, x2, y2);

// Draws an ellipse.
El1ipse (hDC, x1, yl, x2, y2);

break;

case 2:

wsprintf (szDebug, TEXT("RoundRect (%d, %d, %d, %d, %d, %d)\n"),
x1, yl, x2, y2, x3, y3);

// Draws a rectangle with rounded corners.
RoundRect (hDC, x1, yl, x2, y2, x3, y3):

break:
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case 3:
pt[0].x = x1;
ptl@l.y = yl;
pt[ll.x = x2;
ptill.y = y2;
pt[2].x = x3;
ptl21.y = y3;
pt[3].x = x4;
ptl31.y = y4;

wsprintf (szDebug,
TEXT("Chord(%d, %d, %d, %d, %d, %d, %d, %d)\n"),
x1, yl, x2, y2, x3, y3, x4, y4);

// Draws a polygon.
Potygon(hDC, pt, 4);

break;

default:
break;
}

// Select the old brush into the device context.
SelectObject (hDC, h01dBrush);

// Delete the brush object and free all resources associated with
//it.
DeleteObject (hBrush);

}

ReleaseDC (hwnd, hDC);
return;

}

Creating Text and Fonts

In Windows CE, a font is a collection of glyphs that share a common design. A
font is characterized by its typeface, style, and size. The font typeface determines
the specific characteristics of the glyphs, such as the relative width of the thick
and thin strokes used in any specified character. The style determines the font
weight and slant. Font weights can range from thin to black. Slants can be roman
(upright) or italic. The size of a font is the distance from the bottom of a
lowercase “g” to the top of an adjacent uppercase “M,” measured in points. A
point is approximately one seventy-second of an inch.
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In Windows CE, fonts are grouped into families, which share common stroke
width characteristics. Fonts within a family are distinguished by size and style.
The following table shows the font families.

Font family name Description
Decorative Specifies a novelty font, for example, Old English.
Dontcare Specifies a generic family name. This name is used when

information about a font does not exist or does not matter.

Modern Specifies a monospace font with or without serifs. Monospace
fonts are usually modern; examples include Pica, Elite, and
Courier New.

Roman Specifies a proportional font with serifs, for example, Times New
Roman.
Script Specifies a font designed to look like handwriting; examples

include Script and Cursive.

Swiss Specifies a proportional font without serifs, for example, Arial.

These family names correspond to constants found in the Wingdi.h header file:
FF_DECORATIVE, FF_ DONTCARE, FF_MODERN, FF_ROMAN,
FF_SCRIPT, and FF_SWISS. Use these constants to create, select, or retrieve font
information.

Working with TrueType and Raster Fonts

Windows CE supports raster and TrueType font technologies, but accepts only
one type to be used on a specified system. The choice of TrueType or raster font
type is made when the system is designed and cannot be changed by an
application.

The differences between raster and TrueType fonts have to do with the way the
glyph for each character or symbol is stored in the respective font resource file. A
raster font glyph is a tiny bitmap that represents a single character size. Because
the bitmaps for each glyph in a raster font are designed for a specific resolution on
a particular device, raster fonts are generally considered device-dependent.

A TrueType font glyph contains outlines and hints. Windows CE uses these hints
to adjust the outlines used to draw the glyphs. These hints and the respective
adjustments are based on the amount of scaling used to reduce or increase the size
of the glyph. Because TrueType characters can be scaled up or down and still
retain their original appearance, they are considered device-independent.

A font’s glyphs are stored in a font resource file. A font resource file for a raster
font is stored in a .fot file. TrueType fonts have two files, a short .fot header file
and a .ttf file that contains the actual data. When installing a TrueType font, you
do not have to install the .fot file, only the .ttf file.
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Enabling Font Linking

Windows CE provides font linking capability, making it possible to link one or
more fonts, called linked fonts, to another font, called the base font. Once you link
fonts, you can use the base font to display code points that do not exist in the base
font, but do exist in one of the linked fonts. For example, linking a Hangeul font
and a Japanese font to a Latin font gives you the ability to display both Korean
and Japanese languages in the Latin font using the Unicode text API.

Note Font linking can only add glyphs to a base font; it is not possible to override
or replace glyphs in the base font.

If font linking is enabled on your device, you can examine the registry by
enumerating the subkeys of the registry key
HKEY_LOCAL_MACHINE\SOFTWAREWicrosoft\FontLink\SystemLink
to determine the mappings of linked fonts to base fonts. You can add additional
linkings by creating additional subkeys. The following code example shows how
to add an additional linking.

"base font face name"™ = "path and file to link to," "face name of the
font to Tink"

Creating End User Defined Characters

Although Windows CE defines thousands of characters, you might need to define
your own set of characters. Use an end user defined character (EUDC) any time
you need to define a character or glyph for a device. Always associate an EUDC
with a double-byte character set (DBCS) and a TrueType font. When you create
an EUDC, choose a reserved DCBS value. Applications use DBCS values to
identify the EUDC. Windows CE uses DBCS values to locate the shape and style
information in the corresponding TrueType font. The shape and style information
specifies how to draw the EUDC.

» To create an EUDC

1. Choose a character value in the specified range or ranges of reserved
characters.

2. Use an EUDC editor to create the shape and style of the character.

3. Add the shape and style information to the TrueType font in the entry that
corresponds to the selected character value.
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» To associate an EUDC font with another font
1. Copy the EUDC font to a folder.
The EUDC font has a .tte extension.
Call EnableEUDC (FALSE).
Modify the HKEY_CURRENT_USER\EUDC registry key.
Create a subkey under HKEY_CURRENT_USER\EUDC.

In the subkey that you created in step 4, enter the font path that contains the
EUDCs.

For example, enter Tahoma=\windows\test03.tte in the subkey to link the
Tahoma font with the test03.tte font located in the \Windows directory.

6. Call EnableEUDC (TRUE).

e

Note Before creating EUDC entries in the registry, enumerate the existing EUDC
settings to ensure that you do not overwrite entries defined for the Windows CE-
based device.

Installing and Using Fonts

Call the AddFontResource function to load a font from a font resource file.
When you finish using an installed font, call the RemoveFontResource function
to remove the font. Whenever you add or delete a font resource, you should call
the SendMessage function to send a WM_FONTCHANGE message to all top-
level windows in the system. This message notifies other applications that an
application has modified the internal font table by adding or removing a font. You
do not need to call AddFontResources to create or realize system fonts,

There are two stages to selecting a font. In the first stage, you specify the ideal
font you would like to use. This theoretical font is called a logical font. In the
second stage, an internal algorithm finds the physical font that is the closest match
to your specified logical font. A physical font is a font stored on the device or in
the operating system. This process is called font mapping.
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» To use afont

1. Call the EnumFontFamilies function to build a list of the available fonts. This
is especially useful when you want to determine available fonts from a
specified font family or typeface.

2. Use the values returned by the font enumeration function to initialize the
members of a LOGFONT structure.

3. Create the logical font by calling the CreateFontIndirect function and
passing it a pointer to the initialized LOGFONT structure.

4. Select the logical font into the current device context with the SelectObject
function.

When you call SelectObject, Windows CE loads the physical font that most
closely matches the logical font specified in the LOGFONT structure.

When initializing the members of the LOGFONT structure, be sure that the
[fCharSet member specifies a particular character set. This member is used in the
font mapping process and the results will be inconsistent if this member is not
initialized correctly. If you specify a typeface name in the IfFaceName member of
the LOGFONT structure, be sure that the IfCharSet value contains an
appropriate value.

Windows CE keeps a table containing all the fonts available for application use.

' When you call CreateFontIndirect, Windows CE chooses a font from this table.

Windows CE provides six standard logical fonts. You can use the
GetStockObject function to obtain a standard font. The following table shows the
standard font values.

Value Description

ANSI_FIXED_FONT Specifies a monospace font based on the Windows
character set, usually represented by a Courier font.

ANSI_VAR_FONT Specifies a proportional font based on the Windows
character set, usually represented by the MS Sans Serif
font.

DEVICE_DEFAULT_FONT Specifies the preferred font for the specified device,
usually represented by the System font for display

devices.

OEM_FIXED_FONT Specifies a monospace font based on an OEM character
set.

SYSTEM_FONT Specifies the System font. This is a proportional font

based on the Windows character set and is used by the
operating system to display window titles, menu names,
and text in dialog boxes. The System font is always
available. Other fonts are available only if installed.
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Enumerating Fonts

You can enumerate the available fonts by calling the EnumFonts or
EnumFontFamilies function. These functions send information about the
available fonts to a callback function that the application supplies. The callback
function stores the information in the LOGFONT structure and in either the
NEWTEXTMETRIC structure for TrueType fonts or the TEXTMETRIC
structure for raster fonts. By using the information returned from these functions,
you can limit the user’s choices to available fonts only.

The EnumFontFamilies function is similar to the EnumFonts function, but
includes some extra features for use with TrueType fonts. The
EnumFontFamilies function enumerates all the styles associated with a specified
typeface, and not simply the bold and italic attributes. For example, when the
system includes a TrueType font called Courier New Extra-Bold,
EnumFontFamilies lists it with the other Courier New fonts.

Note Despite its name, EnumFontFamilies actually enumerates the styles
associated with a specified typeface—for example, Arial—rather than a font
family, such as Swiss.

If you do not supply a typeface name, the EnumFonts and EnumFontFamilies
functions supply information about one font in each available typeface. To
enumerate all the fonts in a device context, you can specify NULL for the
typeface name, compile a list of the available typefaces, and then enumerate each
font in each typeface.

Formatting Text

Windows CE provides a complete set of functions to format and draw text in an
application client area and on a page of printer paper.

The default text color for a display device context is black; the default
background color is white; and the default background mode is OPAQUE. Call
the SetTextColor and GetTextColor functions to respectively set and retrieve the
color of text drawn in the client area of a window or printed by a color printer.
Call the SetBkColor and GetBkColor functions to respectively set or retrieve the
background color. Call the SetBkMode and the GetBkMode functions to
respectively set or retrieve the background mode. The background mode specifies
the logical method for combining the selected background color with the current
video display colors.

You can call the GetTextExtentPoint32 function to compute the advance width
and height of a string of text. You can call the GetTextMetrics function to
retrieve a font’s logical dimensions. You can call the GetDeviceCaps function to
determine the dimensions of an output device.
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Drawing Text

After you have selected a font, set your text-formatting options, and computed the
necessary character width and height values for a string of text, you can draw
characters and symbols using either the DrawText or ExtTextOut function.
When you call one of these functions, the operating system passes the call to the .
graphics engine, which in turn passes the call to the appropriate device driver.

In most cases ExtTextOut is faster than DrawText. However, there are some
instances when DrawText is more efficient, as in the case where you need to
draw multiple lines of text within the borders of a rectangular region. DrawText
does not work with rotated text.
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CHAPTER 6

Working with Sound

Adding sound to an application can make it more efficient to use. By using sounds
to draw attention at critical points, you can help users avoid mistakes and notify
them when a time-consuming operation concludes. This chapter describes two
different ways to play sound in an application. The first part describes how to use
the PlaySound function. PlaySound provides all the necessary capabilities for
playing waveform-audio sounds on a Windows CE-based device. The latter part
of this chapter describes how to use the Waveform Audio application
programming interface (API). This interface gives an application exact control
over waveform audio input/output (I/O) devices.

Using the PlaySound Function

You can use the PlaySound function to play waveform audio sound files, as long
as the sound can be stored in available device memory. The following list
describes three ways to play sound with PlaySound:

= Asafile name

» As asystem alert, using the alias stored in the registry

= As aresource identifier

You can also use the sndPlaySound function to play waveform audio files.
However, sndPlaySound offers a subset of the PlaySound feature set
Windows CE maintains sndPlaySound for backward compatibility.



184

Windows CE User Interface Services Guide

Using the PlaySound Function with Waveform Audio Files

In Windows CE, most waveform audio files use the .wav file name extension. The
following code example shows how to play the \Sounds\Bells.wav file.

PlaySound (TEXT("\\SOUNDS\\BELLS.WAV"), NULL, SND_SYNC);

If the specified file does not exist or the file cannot be stored in available device
memory, PlaySound plays the default system sound. If you have not defined a
default system sound, PlaySound fails without playing a sound. The following
code example shows how to specify that the default sound should not be played.

PlaySound (TEXT("\\SOUNDS\\BELLS.WAV"), NULL, SND_SYNC | SND_NODEFAULT);

The example uses the SND_NODEFAULT flag in the fdwSound parameter to .
prohibit the application from playing the default sound.

Using PlaySound with Registry-Specified Sounds

The PlaySound function also plays sounds referred to by a key name in the
registry. Using this feature, you can let users assign selected or custom sounds to
system alerts and warnings. Sounds associated with system alerts and warnings
are called sound events.

To play a sound event

e Call PlaySound with pszSound pointing to a string containing the name of the
registry entry that identifies the sound.

The following code example shows how to use PlaySound to play a sound
event.

PlaySound (TEXT("MouséCHck"), NULL, SND_SYNC);

Note PlaySound plays the default system sound if the registry entry specified in
pszSound does not exist or if the sound file cannot be stored in available device
memory.

The sndPlaySound function searches the registry for a key name matching
IpszSound before attempting to load a file with the pszSound name. The
PlaySound function accepts flags that specify the location of the sound.

Using PlaySound with a Resource Identifier

To play a sound stored as a resource, use the PlaySound function. Although you
can use sndPlaySound to play a resource sound, you must find, load, lock,
unlock, and free the resource; in contrast, PlaySound completes these tasks in a
single line of code.
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» Toinclude a .wav file as a resource in an application
¢ Add the following entry to the application resource script (.rc) file.

soundName WAVE \sounds\bells.wav

The name soundName is a placeholder for a name you supply to refer to the
wave resource sound. Wave resources are loaded and accessed like other
application-defined Windows resources.

The following code example shows how to use the PlaySound function to play
the wave resource sound.

PlaySound (TEXT("soundName"), hInst, SND_RESOURCE | SND_ASYNC);

In contrast, the following code example shows how to use the sndPlaySound
function to play a wave resource sound.

BOOL PlayResource (LPTSTR 1pName)
{

BOOL bRtn;

LPTSTR TpRes;

HANDLE hResInfo, hRes;

// Find the WAVE resource.
hResInfo = FindResource (hInst, 1pName, "WAVE");

if (hResInfo == NULL)
return FALSE;

// Load the WAVE resource.
hRes = LoadResource (hInst, hResInfo);

if (hRes == NULL)
return FALSE;

// Lock the WAVE resource and play it.
1pRes = LockResource (hRes);

if (1pRes != NULL)
{
bRtn = sndPTlaySound (1pRes, SND_MEMORY | SND_SYNC |
SND_NODEFAULT);

UnlockResource (hRes):

}

else
bRtn = 0;

// Free the WAVE resource and return success or failure.
FreeResource (hRes);
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return bRtn;
} .

To play a wave resource sound by using sndPlaySound, pass the function a
pointer to a string containing the resource name, as shown in the following code
example.

PlayResource (TEXT("soundName"));

Using the Waveform Audio Interface

This section describes the Waveform Audio API interface. An application uses
this interface to gain the greatest possible control over audio I/O devices.
Specifically, this section discusses the following features of the Waveform Audio
API:

* Querying and opening waveform audio I/O devices

= Writing waveform-aundio data

= Allocating audio data blocks

= Playing waveform-audio files

» Handling errors with audio functions

» Deallocating waveform audio data blocks

= Closing waveform audio output devices

Querying and Opening Waveform Audio I/O Devices

To correctly record or play a sound, first determine what drivers your
Windows CE-based device has available for audio I/O, and then open those
drivers for recording or playback.

Querying Audio I/O Devices

The following table shows functions that retrieve the number of audio devices on
a Windows CE-based device.

Function Description

waveInGetNumDevs Retrieves the number of waveform audio input devices
present in a system

waveOutGetNumDevs Retrieves the number of waveform audio output devices
present in a system

After you determine how many devices are present in a system, you can query the
capabilities of each device.
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The following table shows the functions and structures that retrieve this
information.

Function Description Returned structure
wavelnGetDevCaps Retrieves the capabilities of a specified WAVEINCAPS
waveform audio input device

waveOutGetDevCaps Retrieves the capabilities of a specified WAVEOUTCAPS
waveform audio output device

The waveInGetDevCaps and waveQutGetDevCaps fill the dwFormats member
of the WAVEINCAPS and WAVEOUTCAPS structures with flags describing
the standard supported sound formats for a specified audio I/O device. Waveform
audio I/O devices also support nonstandard capabilities. You can also use the
waveInOpen or the waveQutOpen function to determine if a waveform audio
I/O device supports a specific format.

To determine if a waveform audio I/O device supports a standard or
nonstandard format

1. Specify the format you want to query in the WAVEFORMATEX structure.

2. Pass this structure into waveInOpen or waveOQutOpen with the pwfx
parameter.

3. Call waveInOpen or waveOutOpen with the WAVE_FORMAT_QUERY
flag set.

This call does not open the device. Instead, the function returns a message
declaring whether or not the audio device supports the specified format.

Note While WAVEFORMATEX supersedes PCMWAVEFORMAT and
WAVEFORMAT, Windows CE maintains both structures for backward
compatibility.

The following code example shows how to use the waveQutOpen function with
the WAVE_FORMAT_QUERY flag to determine whether a waveform audio
device supports a specified format.

MMRESULT IsFormatSupported (LPWAVEFORMATEX pwfx, UINT uDevicelD)
{

return waveOutOpen (NULL, // ptr can be NULL for query
uDevicelD, "~ // The device identifier
pwfx, // Defines the requested
// format
NULL, // No callback
NULL, // No instance data

WAVE_FORMAT_QUERY); // Query only, do not open
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The preceding example determines whether the specified waveform-audio output
device supports a specified waveform-audio format. It returns
MMSYSERROR_NOERRGOR if the device supports the format,
WAVERROR_BADFORMAT if the device does not support the format, and one
of the other MMSYSERROR codes for other errors.

This technique for determining nonstandard format support also applies to
waveform audio input devices. The only difference is that the function will use
waveInOpen instead of waveQutOpen to query for format support.

To determine if any waveform audio I/O devices on a system support a particular
waveform audio data format, use the technique illustrated in the previous
example. However, you must specify the WAVE_MAPPER constant in the
uDevicelD parameter.

Opening Waveform Audio Output Devices

In addition to querying the capabilities of a device, you can use the
waveOutOpen or waveInOpen functions to open a waveform audio I/O device
for recording or playback. These functions open the device that is associated with
the specified device identifier and return a pointer to an open device handle.

Both waveOutOpen and waveInOpen choose the device best able to play the
specified data format. The Windows CE operating system (OS) identifies
waveform audio I/O devices by using a device identifier. The OS determines the
device identifier implicitly from the number of devices present in a system.
Device identifiers range from zero through the number of devices present minus
one. For example, the valid device identifiers for a system with two waveform
audio output devices are 0 and 1.

In addition to the device number, the waveQutOpen and waveInOpen functions
require a pointer to a memory location. The functions fill the memory location
with a device handle. Use this device handle to identify the open waveform audio
I/0 device when calling other audio functions. The following list describes the
differences between a device identifier and a device handle:

s The OS determines a device identifier implicitly from the number of devices
present on a system. The system obtains this number by using the
waveInGetNumDevs or waveQutGetNumDevs function.

» The OS returns a device handle after opening a device driver with the
waveInOpen or waveOutOpen function.
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Allocating Audio Data Blocks

Once you have determined the capabilities of your Windows CE-based device,
you can allocate memory for your audio data blocks. Using the WAVEHDR
structure, allocate memory for the waveInAddBuffer and waveQutWrite
functions to play sound. The following table shows functions that prepare

headers.

Function Description

wavelnPrepareHeader Prepares a waveform-audio input data block
waveOutPrepareHeader Prepares a waveform-audio output data block

Before passing an audio data block to a device driver with waveInAddBuffer or
waveQutWrite, call waveInPrepareHeader or waveOutPrepareHeader on the
data block. Then pass the data block to waveInAddBuffer or waveOutWrite.

Playing Waveform Audio Files

After successfully opening a waveform-audio output device driver and preparing
the header file, you can begin playing a sound. Windows provides the
waveOutWrite and waveInAddBuffer functions for sending data blocks to a
waveform audio output device.

Use the WAVEHDR structure to specify the waveform-audio data block you are
sending by using the waveOutWrite or waveInAddBuffer function. This
structure contains a pointer to a locked data block, the length of the data block,
and some flags. After you send a data block to an output device, wait until the
device driver is finished with the data block before freeing it. If you are sending
multiple data blocks, monitor the completion of data blocks to know when to send
additional blocks.

Note Unless the waveform audio input and output data is contained in a single
data block, an application must continually supply the device driver with data
blocks until recording or playback is complete.

Retrieving the Current Playback Position

Monitor the current playback position within the data block by using the
waveQOutGetPosition or the waveInGetPosition function and the MMTIME
structure. Use the MMTIME structure to represent time in one or more different
formats, including milliseconds, samples, a MIDI song pointer, or the Society of
Motion Picture and Television Engineers (SMPTE) time formats. The wType
member specifies the format used to represent time.
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» To retrieve the current playback position

1. Set the wType member in the MMTIME structure to the preferred time
format.

2. Call waveOutGetPosition or waveInGetPosition.

While calling this function, pass the MMTIME structure in the pmmt
parameter.

3. Check the wType member after the call to see whether the requested time
format is supported.

If the device does not support the time format, the device driver specifies the

time in an alternate time format and changes wType to the selected time
format.

Most waveform audio devices support samples as the preferred time format. Thus,
a waveform audio device usually describes its current position in a .wav file as the
number of samples from the beginning of the waveform-audio file.

Stopping, Pausing, and Restarting a Waveform Audio I/O
Device

While recording or playing waveform audio, you might want to stop, pause, or
restart the audio I/O device. The following table shows the functions that control
these capabilities.

Function Description

wavelnStop Stops recording on a waveform audio input device

waveOutPause Pauses playback on a waveform audio output device

wavelnReset Stops recording on a waveform audio input device and marks all
pending data blocks as done

waveOutReset Stops playback on a waveform audio output device and marks all
pending data blocks as done

wavelnStart Begins recording on a waveform audio input device

waveQutRestart Resumes playback on a paused waveform audio output device

Generally, the waveform audio I/O device begins recording or playing as soon as
the waveOutWrite or waveInAddBuffer function sends the first waveform-
audio data block.
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» To delay activation of waveform-audio output
1. Call waveOutPause to pause the waveform-audio output device.
2. Call waveOutWrite.

This sends the first data block to the waveform-audio output device. However,
the device is paused by the previous call to waveOutPause.

3. Call waveOutRestart to begin playback.

Once the device begins playback, it might not respond to waveOutPause
immediately. Depending on the device driver, the device might finish playing the
current data block before pausing.

You can also delay activation of waveform-audio input. Call waveInAddBuffer
as needed to allocate space for the audio input. The device will not begin
recording until you call wavelnStart.

Once the device stops recording or playback in response to a waveQutReset or
waveIlnReset command, you cannot restart playback with waveOutRestart or
wavelnStart. Instead, resume recording or playback by sending the next data
block with waveQutWrite or waveInAddBuffer and waveInStart.

Looping Playback
You can control looping playback on a waveform-audio output device with the
WAVEHDR structure passed into waveQutWrite.

» To loop playback

1. Set the WHDR_BEGINLOOP flag in the dwFlags member of the
WAVEHDR structure.

This flag defines the beginning data block of a message loop.

2. Set the number of loops in the dwLoops member of the same WAVEHDR
structure.

3. Pass this and the rest of your data blocks to waveQutWrite.

4. Pass the final data block to waveOutWrite with the WHDR_ENDLOOP flag
set in the WAVEHDR structure.

This causes your device to begin looping.
5. Use waveQutBreakLoop to break out of the loop prematurely.

Note Loop a single block by setting the WHDR_BEGINLOOP and
WHDR_ENDLOORP flags in the same WAVEHDR structure.
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Changing the Volume of Waveform Audio Playback

The following table shows Windows CE functions that you can use to query and
set the volume level of waveform audio output devices.

Function Description

waveOutGetVolume Returns the current volume level of the specified waveform-
audio output device

waveOutSetVolume Sets the volume level of the specified waveform audio output
device

Volume is specified in a DWORD value. In a stereo audio format, the upper 16
bits specify the relative volume of the right channel. The lower 16 bits specify the
relative volume of the left channel. For devices that do not support separate
volume control for the different channels, Windows CE uses the lower 16 bits to
specify the volume level and ignores the upper 16 bits.

Windows CE uses volume ranges from 0x0 (silence) through OxFFFF (maximum
volume) and interprets these ranges logarithmically. The perceived volume
increase is the same when increasing the volume level from 0x5000 through
0x6000 as it is from 0x4000 through 0x5000.

Changing the Pitch and Playback Rate

Some waveform audio I/O devices can vary the pitch and the playback rate of
waveform audio data. Like other device capabilities, you can query your
waveform audio I/O device with the waveOutGetDevCaps function to determine
if your device supports either of these capabilities.

The following table describes the functions that you can use to query and set
waveform-audio pitch and playback rates.

Function Description

waveOutGetPitch Retrieves the pitch for the specified waveform audio
output device

waveOutGetPlaybackRate Retrieves the playback rate for the specified waveform
audio output device

waveOutSetPitch Sets the pitch for the specified waveform audio device
waveOutSetPlaybackRate Sets the playback rate for the specified waveform audio
output device

These functions change the pitch and playback rates by a factor specified with a
fixed-point number packed into a DWORD value. The upper 16 bits specify the
integer part of the number; the lower 16 bits specify the fractional part.
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The following table shows three examples of this style of packaging.

Value Packaged value
1.5 0x00018000L
0.75 0x0000C000L
1.0 0x00010000L

A value of 1.0 means the pitch or playback rate is unchanged.

Although changing the pitch and changing the playback rate seem similar for the
user, they are implemented quite differently. Because the device driver controls
the playback rate, altering the playback rate does not require any specialized
hardware. However, the driver does not change the sample rate. Instead, the driver
skips or synthesizes samples. For example, the driver could skip every other
sample if an application changed the playback rate by a factor of two. In contrast,
changing the pitch requires specialized hardware. When an application alters the
pitch, the application does not specifically alter the playback or sample rate.

Handling Errors with Audio Functions

The waveform audio functions return a nonzero value when an error occurs.
Windows CE provides functions that convert these error values into textual
descriptions of the errors. The application must still examine the error values to
determine how to proceed, but it can use a textual description in a dialog box to
describe an error to the user. The following table shows the functions used to
retrieve textual descriptions of audio error values.

Function Description

wavelnGetErrorText Retrieves a textual description of a specified waveform
audio input error

waveOutGetErrorText Retrieves a textual description of a specified waveform
audio output error

The only audio functions that do not return error values are waveInGetNumDevs
and waveOQutGetNumDevs. These functions return 0 if no devices are present in
a system or if they encounter any errors.
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Using Windows Messages to Manage Waveform Audio Playback

You can send a variety of Windows CE messages to a windows procedure
function to manage waveform audio playback. The following table shows these
messages.

Message Description

MM_WIM_CLOSE Sent when the waveOutClose or the waveInClose function
closes a device

MM_WIM_DATA Sent when the device driver finishes with a data block that was
sent by waveOutWrite or waveInAddBuffer
MM_WIM_OPEN Sent when waveOutOpen or waveInOpen opens a device

MM_WIM_DATA is the most useful message in this table. When
MM_WIM_DATA signals a completed data block, you can clean up and free that
data block. Unless you need to allocate memory or initialize variables, you
probably do not need to process the MM_WIM_OPEN or MM_WIM_CLOSE
messages.

Like other windows messages, these window messages have a wParam and an
IParam parameter associated with them. The wParam always specifies a handle to
the open waveform audio output device. For the MM_WIM_DATA message,
IParam specifies a pointer to a WAVEHDR structure. This structure identifies a
completed data block. The MM_WIM_CLOSE and MM_WIM_OPEN messages
do not use [Param.

The following code example shows how to process the MM_WIM_DATA
message.

// WndProc--Main window procedure
LRESULT FAR PASCAL WndProc (HWND hWnd, UINT msg, WPARAM wParam,
LPARAM TParam)
{
switch (msg)
{
case MM_WIM_DATA:
// A waveform audio data block has been played and can now be
// freed.
waveOutUnprepareHeader ((HWAVEOUT)wParam, (LPWAVEHDR)1Param,
sizeof (WAVEHDR));
// Free hData memory
waveOQutClose ((HWAVEOUT)wParam);

break;
}

return DefWindowProc (hWnd, msg, wParam, 1Param);
1
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The preceding example assumes that the application does not play multiple data
blocks, so it can close the output device after playing a single data block.

Deallocating Memory Blocks

An application must be able to determine when a device driver is finished with the
data block so that the application can unprepare and free the memory associated
with the data block and header structure. The following list describes several ways
to determine when a device driver is finished with a data block:

» By specifying a callback function to receive a message that is sent by the
driver when it is finished with a data block

= By using an event callback

» By specifying a window or thread to receive a message that is sent by the
driver when it is finished with a data block

= By polling the WHDR_DONE bit in the dwFlags member of the WAVEHDR
structure that is sent with each data block

» To use a callback function for driver messages

1. Specify the CALLBACK_FUNCTION flag in the fdwOpen parameter of the
waveInOpen or waveQutOpen function.

2. Specify the address of the callback in the dwCallback parameter of the
waveInOpen or waveOutOpen function.

Messages sent to a callback function are similar to messages sent to a window,
except that they have two DWORD parameters instead of one UINT and one
DWORD parameter.

The following list describes techniques for passing instance data from an
application to a callback function:

= Pass the instance data by using the dwinstance parameter of the function that
opens the device driver

= Pass the instance data by using the dwUser member of the WAVEHDR
structure that identifies an audio data block that was sent to a device driver

Note If you need more than 32 bits of instance data, pass a pointer to a structure
containing the additional information.
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» To use an event callback

1. Retrieve the handle of an event from CreateEvent.

2. Specify CALLBACK_EVENT for the fdwOpen parameter in your call to
waveOQutOpen.

3. Use waveOutPrepareHeader or waveInPrepareHeader to prepare the data
block.

4. Call ResetEvent with the event handle retrieved by CreateEvent.
This action creates a non-signaled event.
5. Send the waveform audio data block to the driver.

6. Call WaitForSingleObject, specifying as parameters the event handle and a
time-out value of INFINITE. '

This call should be inside a loop that checks whether the WHDR_DONE bit is
set in the dwFlags member of the WAVEHDR structure.

Because event callbacks do not receive specific close, done, or open notifications,
an application might have to check the status of the process that it is waiting for
after the event occurs. It is possible for a number of tasks to be completed by the
time WaitForSingleObject returns.

To use a window callback function

* Call waveInOpen or waveOutOpen with the fdwOpen parameter set to

CALLBACK_WINDOW and a window handle passed in the dwCallback
parameter.

To use a callback thread

¢ (Call waveInOpen or waveOutOPen with the fdwOpen parameter set to
CALLBACK_THREAD and a thread handle passed in the dwCallback
parameter.

Note Messages sent to the window or thread callback are specific to the audio I/O
device type being used.

In addition to using a callback function, you can poll the dwFlags member of a
WAVEHDR structure to determine when an audio I/O device is finished with a
data block. Sometimes it is better to poll dwFlags than to wait for another
mechanism to receive messages from the drivers. For example, after calling the
waveOutReset or waveInReset function to release pending data blocks, you can
immediately poll dwFlags for WHDR_DONE to be sure that the data blocks have
been released.
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Once you determine that the function has released the data block, call the
wavelnUnprepareHeader or waveOQutUnprepareHeader function to unprepare
the header file. After you have unprepared the header file, you can deallocate the
memory normally.

Closing Waveform Audio Output Devices

After you have finished playing a waveform-audio file and deallocating the
associated header files, call the waveOutClose or waveInClose function to close
the output device. If you call these functions while an application is still using a
waveform-audio file, the close operation fails and the function returns an error
value indicating that the device is not closed. If you do not want to wait for
recording or playback to end before closing the device, call the waveOQutReset or
wavelnReset function.
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CHAPTER 7

Receiving User Input

User input is the means by which a user communicates with a Microsoft Windows
CE-based device. The OEM determines the specific combination of input devices
that are supported by your platform. Different platforms support different input
devices. For example, some platforms, such as the Palm-size PC, support a touch
screen rather than a keyboard for text entry. Other platforms might include
handwriting recognition software in place of or in addition to a keyboard. The
Windows CE operating system (OS) supports the following types of user input:

= Keyboard

= Mouse

= Touch screen and stylus
= Input panel

= Handwriting recognition

Receiving Keyboard Input

The keyboard is an important means of user input on many Windows CE-based
devices. Windows CE maintains a device-independent keyboard model that
enables it to support a variety of keyboards. The OEM usually determines the
keyboard layout for a specified Windows CE-based device.

At the lowest level, each key on the keyboard generates a scan code when pressed
and released. The scan code is a hardware-dependent number that identifies the
key. Unlike Windows-based desktop platforms, Windows CE has no standard set
of keyboard scan codes. Your application should rely only on supported scan
codes for the target platform.
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The keyboard driver translates or maps each scan code to a virtual key code. The
virtual key code is a hardware-independent number that identifies the key.
Because keyboard layouts vary from language to language, Windows CE offers
only the core set of virtual key codes found on all keyboards. This core set
includes Latin letters, numbers, and a few critical keys, such as the function and
arrow keys. Keys not included in the core set also have virtual key code
assignments, but their values vary from one keyboard layout to the next. You
should depend only on the virtual key codes in the core set.

In addition to mapping, the keyboard driver determines which characters the
virtual key generates. A single virtual key generates different characters
depending on the state of other keys, such as the SHIFT and CAPS LOCK keys.
Do not confuse virtual key codes with characters. Although many of the virtual
key codes have the same numeric value as one of the characters that the key
generates, the virtual key code and the character are two different elements. For
example, the same virtual key generates the uppercase “A” character and the
lowercase “a” character.

After translating the scan code into a virtual key code, the device driver creates a
keyboard message containing scan code, virtual key code, and character data, and
then the device driver places the message in the system message queue. The
system removes the message from the system message queue and posts it to the
message queue of the appropriate thread. Each thread maintains its own active
window and focus window. The active window is a top-level window. The focus

- window is either the active window or one of its descendants. The active

window of this thread is considered the foreground window.

The device driver places keyboard messages in the message queue of the
foreground thread. The thread message loop pulls the message from the queue and
sends it to the window procedure of the thread focus window. If the focus window
is NULL, the window procedure of the active window receives the message.
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The following illustration shows the keyboard input model.
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Working with Threads

There are a number of ways a thread can become the foreground thread. If an
application calls the SetForegronndWindow function and specifies a top-level
window, the thread that owns the window becomes the foreground thread and the
window becomes its active window. This function also moves the window to the
top of the z-order. You can use SetForegroundWindow on any top-level
window.



202 Windows CE User Interface Services Guide

In most cases, if the user chooses a window, the system will place that window in
the foreground. The thread that created the window becomes the foreground
thread. If the foreground window is hidden or destroyed, the system designates
another window as the foreground window. In that case, the new foreground
window thread becomes the foreground thread. Call the GetForegroundWindow
function to get the current foreground window.

In general, an application thread does not need to set the foreground window
explicitly. This is usually done by the system when the user selects and closes
windows. Call the SetActiveWindow function to activate a window. If the calling
thread is the foreground thread, the new active window automatically becomes the
foreground window. When the activation changes, the system sends a
WM_ACTIVATE message to both the deactivated and activated windows. A
thread can call the GetActiveWindow function to access its active window.

An application thread calls the SetFocus function to move the focus between its
windows. When the focus changes, the system sends a WM_KILLFOCUS
message to the window losing the focus. It sends a WM_SETFOCUS message to
the window gaining the focus.

The system ensures that the focus window is always the active window or a
descendant of the active window. If the focus changes to a window with a
different top-level ancestor, the system first changes the activation, and then it
changes the focus.

Processing Keyboard Messages

A window receives keyboard input in the form of keystroke messages and
character messages. Keystroke messages control window behavior and character
messages determine the text that is displayed in a window.

Windows CE generates a WM_KEYDOWN or WM_SYSKEYDOWN message
when a user presses a key. If the user holds a key down long enough to start the
keyboard repeat feature, the system generates repeated WM_KEYDOWN or
WM_SYSKEYDOWN messages. When the user releases a key, the system
generates a WM_KEYUP or WM_SYSKEYUP message.

The system makes a distinction between system keystrokes and nonsystem
keystrokes. System keystrokes produce system keystroke messages,
WM_SYSKEYDOWN and WM_SYSKEYUP. Non-system keystrokes produce
nonsystem keystroke messages, WM_KEYDOWN and WM_KEYUP.
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System keystroke messages are generated when the user types a key in
combination with the ALT key or when the user types a key and the focus is
NULL. If the focus is NULL, the keyboard event is delivered to the active
window. These messages have the WM_SYS prefix in the message name. System
keystroke messages are primarily used by the system rather than by an
application. The system uses them to provide its built-in keyboard interface to
menus and to enable the user to control which window is active. If a window
procedure processes system keyboard messages, it should pass the message to the
DefWindowProc function. Otherwise, all system operations involving the ALT
key are disabled whenever that window has the keyboard focus.

The window procedure of the window that has the keyboard focus receives all
keystroke messages. However, an application that responds to keyboard input
typically processes WM_KEYDOWN messages only.

When the window procedure receives the WM_KEYDOWN message, it should
examine the virtual-key code that accompanies the message to determine how to
process the keystroke. The virtual-key code is contained in the message’s wParam
parameter.

The [Param parameter of a keystroke message contains additional data about the
keystroke that generated the message. The following table shows the additional
keystroke data required by the /Param parameter.

Data Description

Repeat count Specifies the number of times the keystroke was repeated as a
result of a user holding down the key.

Scan code Gives the hardware-dependent key scan code.

Context code The value is 1 if the ALT key was pressed and 0 if the pressed

key was released.

Previous key state The value is 1 if the pressed key was previously down and 0 if
the pressed key was previously up. The value is 1 for
WM_KEYDOWN and WM_SYSKEYDOWN keystroke
messages that were generated by the automatic repeat feature.

Transition state The value is 1 if the key was released or 0 if the key was pressed.
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case WM_KEYDOWN:
switch (wParam)

case VK_HOME:
// Insert code
/...
break;

case VK_END:
// Insert code
/...
break;

case VK_INSERT:
// Insert code
/...
break;

case VK_F2:
// Insert code
/...
break;

case VK_LEFT:
// Insert code
/7.,
break;

case VK_RIGHT:
// Insert code
/...
break;

case VK_UP:
// Insert code
/1 ...
break;

case VK_DOWN:
// Insert code
/1 ...
break;
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Typically, an application processes only keystrokes that are generated by non-
character keys. The following code example shows the window procedure
framework that a typical application uses to receive and process keystroke
messages.

HOME key

END key

INS key

F2 key

LEFT ARROW key

RIGHT ARROW key

UP ARROW key

DOWN ARROW key
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case VK_DELETE:
// Insert code here to process the DEL key
/7 ..
break;

default:
// Insert code here to process other non-character keystrokes
/7 ..
break;

Processing Character Messages

When a user enters a character, Windows CE does not automatically generate a
character message. Instead, it generates a keystroke message. To translate a
keystroke message into a corresponding character message, the application
message loop must call the TranslateMessage function. This function examines
the virtual-key code of a keystroke message and, if the code corresponds to a
character, places a character message into the message queue. The character
message is removed and dispatched on the next iteration of the message loop.

The message loop should call the TranslateMessage function to translate every
message, not just keystroke messages. Although TranslateMessage has no effect
on other types of messages, using it ensures that keyboard input is translated
correctly. The following code example shows how to include the
TranslateMessage function in a typical thread message loop.

while (GetMessage(&msg, (HWND) NULL, @, 0))
{
if (TranslateAccelerator(hwndMain, haccl, &msg) == Q)

{
TranslateMessage(&msg);
DispatchMessage(&msg);

}

Windows CE includes four character messages: WM_CHAR, WM_SYSCHAR,
WM_DEADCHAR, and WM_SYSDEADCHAR. A typical window procedure
ignores all character messages except WM_CHAR. The WM_CHAR message
contains the character code and the flags that provide additional data about the
character.

When a window procedure receives the WM_CHAR message, it should examine
the character code that accompanies the message to determine how to process the
character. The character code is in the message wParam parameter.
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The following code example shows the window procedure framework that a
typical application uses to receive and process character messages.

while (GetMessage (&msg, (HWND)NULL, 0, 0))
{
if (TranslateAccelerator (hwndMain, haccl, &msg) == Q)
{
TranslateMessage (&msg);
. DispatchMessage (&msg);
}

Creating and Displaying a Caret

A window that receives keyboard input typically displays the characters a user
types in the window client area. A window should use a caret to indicate the
position in the client area where the next character will appear. The window
should create and display the caret when it receives the keyboard focus, and it
should hide and destroy the caret when it loses the focus. A window can perform
these operations when the WM_SETFOCUS and WM_KILLFOCUS messages
are processed.

Use the CreateCaret, ShowCaret, DestroyCaret, and HideCaret functions to
control the visibility of the caret. Use the SetCaretPos function to change the
position of the caret as the user types.

Checking Other Keys

While processing a keyboard message, an application sometimes needs to
determine the status of a key different from the one that generated the current
message. You can use the GetKeyState function to determine the state of certain
keys. This function returns the key’s state at the time the current message was
generated. The GetAsyncKeyState function returns the state of the key at the
time of the call.

The Windows CE version of these functions differs slightly from the desktop
counterpart. Unlike the equivalent functions in Windows-based desktop
platforms, GetKeyState supports only a limited number of keys, and
GetAsyncKeyState returns the current key state even if a window in another
thread has the keyboard focus.



Chapter 7 Receiving User Input 207

Adding Hot Key Support

A hot key is a key combination that generates a WM_HOTKEY message. The
message is routed to a particular window, regardless of whether or not that
window is the current foreground window or focus window.

You define a hot key by calling the RegisterHotKey function and specifying the
combination of keys that generates the WM_HOTKEY message, the handle of the
window to receive the message, and the hot key identifier. When the user presses
the hot key, the system places a WM_HOTKEY message in the message queue of -
the thread that created the specified window. The wParam parameter of the
message contains the hot key identifier. Before the application terminates, it
should use the UnregisterHotKey function to destroy the hot key.

Receiving Stylus Input

In many Windows CE-based applications, the user interacts with an application
by using a stylus and a touch screen. The stylus and touch screen provide a direct
and intuitive alternative to a mouse.

The stylus generates an input event when the user touches the screen with a stylus
or moves the stylus when the tip is touching the screen. To an application, stylus
input is a subset of mouse input. When a user presses and releases a stylus on a
screen, the application processes these events as a click of the left mouse button.
When a user moves the stylus across the screen, the application processes this as a
mouse move event.

Stylus input events in a window are posted to the message queue of the thread that
created the window. A window receives a stylus message when a stylus event
occurs within the window client area. When the user presses the stylus to the
screen, the window receives a WM_LBUTTONDOWN message. When the stylus
is lifted from the screen, the window receives a WM_LBUTTONUP message.
Occasionally, a window receives a WM_LBUTTONDBLCLK message instead of
a WM_LBUTTONDOWN message. This occurs under the following conditions:

= The window class was registered with the CS_DBLCLKS class style.

= The stylus touches the screen within a certain distance of the last stylus
location.

= The stylus touches the screen within a certain time limit after the stylus last
touched the screen.

If a user moves the stylus while pressing it to the screen, Windows CE generates a
WM_MOUSEMOVE message.
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The following table shows style input messages that are supported by
Windows CE.

Message Description

WM_LBUTTONDBLCLK The user double-tapped the screen.

WM_LBUTTONDOWN The user pressed the screen.

WM_LBUTTONUP The user released the stylus from the screen.

WM_MOUSEMOVE The user moved the stylus while the tip was pressed to
the screen.

The IParam parameter of a stylus message indicates the position of the stylus tip.
The low-order word is the x-coordinate and the high-order word is the y-
coordinate. The coordinates are specified in the client coordinates. In the client-
coordinate system, all points are specified relative to the upper-left corner of the
client area.

The wParam parameter contains flags that indicate the status of the other stylus
buttons and the CTRL and SHIFT keys at the stylus event time. Check for these
flags when the way you process a stylus event depends on the state of another
stylus button or on the CTRL or SHIFT key. The following table shows the flags
that you can set in the wParam parameter.

Value Description

MK_CONTROL The CTRL key is down.
MK_LBUTTON The stylus is touching the screen.
MK_SHIFT The SHIFT key is down.

Receiving Input from an Input Panel

Windows CE-based devices that do not have a keyboard require an input method
(IM) to simulate keyboard input. For this purpose, Windows CE implements an
input panel architecture that functions through a touch screen. This input panel
architecture is an IM that enables your application to accommodate input in
multiple forms.

The Windows CE IM requires two parts: the software input panel subsystem and
IMs. The primary difference between Windows CE IMs and usual keyboard input
is that an additional level of interpretation is necessary in Windows CE to convert
non-keyboard input into a keyboard event. This conversion is handled by the
input panel subsystem in the OS, which also manages software input methods.
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The IM can display the input panel window in a specific state by using the
IIMCallback::SetImInfo method. This method also changes the icon appearing
on the Input Panel button. To adjust to user-initiated changes in the input panel
window, applications can query the SIPINFO structure for data on the input panel
window size, state, and visible client area.

The input panel creates the IM through the IInputMethod interface. Once
created, the IM receives user input and passes this data to the input panel through
the IIMCallBack interface. After the input panel receives data from the IM, the
input panel passes the data to the Graphics, Windowing, and Events Subsystem
(GWES) module. Usually, this message is a keyboard event. GWES passes the
message to your application through the standard keyboard event delivery system.
The following illustration shows how an IM, an input panel, GWES, and an
application communicate.

Application

Key event delivery system

GWES

Keyboard event

Input panel

I
IInputMethod

----------------------------

lIMCallBack
|

M

If the input panel is altered, the OS sends out a WM_SETTINGCHANGE
message to all active applications. The application can modify the input panel and
IM through the SHSipInfo function.

Note To use input panel technology, your device must include Coresip.lib. This
component enables any application to initialize an IM. Call the SipStatus
function to be sure that Coredsip.lib is present before implementing IMs.
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Programming an Input Panel

When a user accesses the input panel, Windows CE creates a dedicated input
panel thread. The thread creates an input panel window and initializes the input
panel. Then, the thread enters a message loop. Within the message loop, the
thread responds to messages and user interface (UI) requests from the input panel
window. The thread also calls into the IM object. This enables the IM to create
child windows in the input panel window. The content of the input panel window
is determined by the current IM.

The input panel thread has a special status with the OS. Any window that the
input panel thread creates will not be obscured by other windows. Because some
UI elements save and clear themselves when they lose focus, the input panel and
its children do not receive the focus, even if a user is currently using the input
panel.

The input panel queries the IM for data through the IInputMethod interface. The
input panel can remove the current IM and replace it with a new IM. The
following table shows the IM queries that an input panel sends to an IM, listed in
the order received.

Method Description

Deselect Destroys its window and performs IM-specific cleanup procedures

Select Creates the IM window and image list

GetInfo Requests data regarding the new IM, including property flags and
the preferred IM size

ReceiveSipInfo Sends the IM data about the size, placement, and docked status
that the IM should use

RegisterCallback Provides the IM with a pointer to the IIMCallback interface

After the input panel calls these methods, the IM should render the input panel
window space and respond to user actions. For more information about
programming the IM, see “Programming Input Methods” later in this chapter.
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An application that uses the input panel should know the input panel state—
whether the panel is visible, whether it is docked, or floating, and its size and
position. This data is stored in the SIPINFO structure, which is accessed through
the SHSipInfo function. The following code example shows how to use the
SHSipInfo function to access and modify the SIPINFO structure.

BOOL LowerSip( void )

{
BOOL fRes = FALSE;
SIPINFO si;

memset (&si, @, sizeof (si));
si.cbSize = sizeof (si);

if (SHSipInfo (SPI_GETSIPINFO, @, &si, 0))
{

si.fdwFlags &= ~SIPF_ON;

fRes = SHSipInfo (SPI_SETSIPINFO, 0, &si, 0);
}

return fRes;
}

When the user changes the input panel state, the OS sends out a
WM_SETTINGCHANGE message to all active applications. This message has
SPI_SETSIPINFO in its wParam parameter. The following code example shows
how you can use the SHSipInfo function to move the input panel on the screen in
response to a WM_SETTINGCHANGE message. '

WndProc (HWND hwnd, UINT msg, ‘WPARAM wParam, LPARAM 1Param)

{
SIPINFO si;

switch (msg)
{
case WM_SETTINGCHANGE:
switch (wParam)
{
case SPI_SETSIPINFO:
memset (&si, @, sizeof (si));
si.cbSize = sizeof (si);

if (SHSipInfo (SPI_GETSIPINFO, 0, &si, 0))
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MoveWindow (

hwnd,
si.rcVisibleDesktop.left,
si.rcVisibleDesktop.top,
si.rcVisibleDesktop.right - si.rcVisibleDesktop.left,
si.rcVisibleDesktop.bottom - si.rcVisibleDesktop.top,
TRUE);

}

break;

break;
}
return 0;
}

A change in the active IM sends messages to all top-level applications that are
registered to receive IM notifications. Typically, the messages go to an
application that controls a display, such as a taskbar. The following table shows
the messages.

. Windows CE
Event message Application action
IM size or position WM_IM_INFO Return 0 if the application processes
changes the message
IM has a new icon to WM_IM_INFO Return 0 if the application processes
associate with its the message

current state

Programming Input Methods

An IM is an in-process Component Object Model (COM) server that implements
the IInputMethod interface. Windows CE provides a default QWERTY
keyboard IM to handle alpha-numeric input. The IM manages the space inside the
input panel window. Within this window, the IM is responsible for screen output
and responding to user input. Typically, an IM creates a child window of the input
panel window. This enables the IM window to respond to user input through the
input panel window; the IM does not have access to the input panel window’s
WindowProc function unless the IM subclasses that window. The IM usually
converts user input into characters and sends those characters to the input panel
through the IMCallback interface.
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In order to use an IM, the user first selects the IM from the input panel dialog box
or Input Panel button. The input panel dynamically loads the selected IM by
calling the CoCreateInstance function. When the user selects a different IM, the
input panel frees the existing IM by calling Release on the interface pointer. The
input panel then calls IInputMethod methods to notify the IM of events and to
request data. The input panel implements and exposes the IIMCallback interface.
This interface lets the IM call the input panel to send keystrokes to the application
through GWES. The following table shows the methods available through the
IIMCallback interface.

IIMCallback method Description

SetImInfo Lets the IM change the input panel icon and the visible state
of the input panel

SendVirtualKey Modifies the global key state

SendCharEvents Sends Unicode characters to the window with the current focus

SendString Sends strings to the window with the current focus

In response to the input panel calls to IInputMethod, an IM creates windows in
the contexts of the input panel thread. This way the input panel and the IM belong
to the same message loop. For simplicity, all calls to IIMCallback should be
made in the input panel thread. That is, the IM should call IIMCallback methods
only in response to a call coming through an IInputMethod method.

Additionally, the IM should not create a separate thread to implement a UI. Only
the thread that responds to IInputMethod methods should create and manipulate
windows. Instead, the IM can create process threads to implement a UL However,
these process threads must not call IIMCallback, because certain GWES window
functions work properly only if created from the same thread that created the
window.

If you develop your own IM component, you should have your setup application
perform self-registration by calling the DIIRegisterServer and
DllUnregisterServer functions. Implement these functions in the IM server
dynamic-link library (DLL). Optionally, you can set the registry values directly.
The Input Panel properties dialog box does not provide any UI elements for the
self-registration service.

Input Method Registry Values

Technically, any COM component that implements IInputMethod can be
selected into the input panel. The IsSIPInputMethod subkey is a shortcut that
presents a list of IMs to a user without loading and querying each object for the
IInputMethod interface.
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IMs are installed in the system as in-process COM servers by using standard
COM registry keys. The HKEY_CLAS_ROOT\CLSID key contains subkeys
representing COM components. The subkeys are textual representations of class
identifiers (CLSID). The CLSID subkeys contain an InprocServer32 subkey
with a default value. This value specifies the DLL path that implements the
component. The CLSID subkeys also contain a IsSIPInputMethod subkey with
a default value equal to the “1” string. The following table shows examples of IM
registry values.

Key Default value
HKEY_CURRENT_USER\ CLSID\
{4a4296d7-ae04-11d0-a4f8-002a00a749h9} “MS QWERTY IM”

HKEY_CURRENT_USER\ CLSID\
{4ad4296d7-ae04-11d0-a4£8-002a00a749b9}\
InprocServer32 ‘AWindows\alphanum.dlP”

HKEY_CURRENT_USER\ CLSID\
{424296d7-ae04-11d0-adf8-002a00a749b9)\
IsSIPInputMethod w“p»

Handwriting Recognition

As an alternative or companion to a keyboard, you can employ a handwriting pad
IM in your application for processing user-drawn numbers, letters, characters, and
symbols. The Windows CE handwriting recognition engine currently recognizes
all 94 characters of the ASCII character set. In addition, the engine recognizes all
of the available glyph characters, known as ideographs, for Chinese, Japanese,
and Korean, and produces their corresponding Unicode output.

This section describes the implementation of the Hwx (pronounced wix) functions
for processing handwritten characters that are entered by a user on the input panel.

Recognizing a Hand-Drawn Character

The recognition of hand-drawn alpha-numeric characters and glyphs occurs
within the boundaries of a box, or multiple of boxes, that you define for the input
panel of your target device. The structure of the applicable language determines
how multiple boxes are arranged; for example, the boxes could be arranged from
left to right and top to bottom for English. By moving a stylus in a predefined
pattern within the box, the handwriting recognition engine employed by your
application can process and recognize this input, one character or glyph at a time,
to produce the corresponding Unicode output.
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Setting Up the HWXGUIDE Structure

You define the size and position of the box or boxes used for character entry
within the HWXGUIDE structure. For interpreting inked input coordinates, the
HwxSetGuide function provides the recognition engine with the coordinates to
the HWXGUIDE structure. The following illustration shows the dimensions of a
character input box. '

— xOrigin, yOrigin
cxOffset
cyOffset — CxWriting

.,

cyBox

cyWriting

A
\

cxBox

The base (cyBase) and midline (cyMid) in the HWXGUIDE structure are used
primarily for characters and are not required for glyphs. Placement of a specific
box within the target device display is defined by the xOrigin and yOrigin
parameters. Offset parameters establish a buffer space between each box when
multiple boxes are used to prevent a user from overwriting ink data from one box
into another. In the event that you overwrite ink data, the recognition engine must
determine to which box the ink data corresponds.
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After initializing the handwriting recognition engine with HwxConfig, the entire
recognition process begins and ends with the creation and destruction of a
handwriting recognition context (HRC) object. Similar to a handle to a window or
a handle to a device context, an HRC is a unique 32-bit handle that is used by the
recognition engine for handwriting recognition. An HRC is used for input in a
single box or multiple boxes. It carries all ink data and setup parameters that are
necessary for recognizing a glyph, one character, or multiple characters. Use
HwxCreate and HwxDestroy, respectively, to create and destroy an HRC object.

Processing User Input

To begin each input recognition session with a clean HRC, use the context from a
pre-established HRC as a template. Each time you need a new HRC, pass the
handle of the previous HRC object, excluding any previous ink data, to the
recognition engine. This enables your application to save processing time by not
having to recreate common HRC parameters that are used repeatedly in your
application, such as GUIDE structures and alphabet codes.

The character recognition sequence begins when the input panel IM sends a call
to HwxInput. This function adds ink to the HRC object to provide the
STROKEINFO structure with the count of stylus stroke points that are
generated. HwxProcess passes the HRC to the recognition engine where the
stroke data is processed, based on predetermined character recognition
parameters. When a user finishes entering stroke data, your application calls
HwxEndInput to tell the recognition engine that no further ink will be added to
the HRC.

To improve the performance of the recognition process, pass the context for the
previous character to the recognition engine through HwxSetContext. If this
function is not called, the recognition engine will assume that no previous context
is available. HwxSetContext is called before HwxProcess. HwxProcess
processes the ink received by the HRC to perform the recognition. Full character
recognition occurs only after HwxEndInput is called. Results of the recognition
are returned by HwxGetResults.
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HwxGetResults simplifies the task of recognizing characters and glyphs that are
drawn within the boundaries of the defined box by responding with character
alternatives on a per-box basis in one call. The following code example sets the
results for 10 boxes at a time, with 5 alternatives for each box.

HANDLE hMem = GlobalAlloc( GHND, 10 * (sizeof( BOXRESULTS )
+ (5-1) * sizeof( SYV )) )

LPBOXRESULTS rgBoxR = (LPBOXRESULTS)GlobalLock( hMem );

UINT indx = 0;

Do
{
int iRes = HwxGetResults( hrc, 5, indx, 10, rgBoxR);
// Check for errors and use rgBoxR
indx += (UINT)iRes;
}

while (iRes == 10);

Once all input, prdcessing, recognition, and output has been completed, destroy
the active HRC with the HwxDestroy function.

Recognition Process

HwxALCValid and HwxALCPriority enable the recognition engine to identify a
correct character match more rapidly and with a greater accuracy by establishing a
prerequisite set of recognition parameters. Use HwxALCValid if you know what
the user-entered values for a specified input field will be. For example, if your
input field is part of a mailing address, such as numbers only for a United States
Postal Code, you can use HwxALCValid with its alc parameter set to
ALC_NUMERIC so that only number values are compared by the recognition
engine to match the user input.

If the user-entered values for a specified field will not be limited to any one
predictable set of alphabet codes, you can use HwxALCPriority. For the type of
input expected, you can use HwxALCPriority to provide the recognition engine
with a prioritized list of alphabet codes to use for comparison to user ink input.

When implemented in your application, multi-threaded processing improves the
recognition engine’s ability to communicate with the input thread, and thus speeds
up the recognition process. This is because the recognition of a single character
can take several seconds when using an order-independent process. In multi-
threaded processing, the thread that gathers ink input can control the thread that is
used for recognition. Optimally, this enables the recognition engine to produce
partial results for display while the user writes on the writing pad.



218

Windows CE User Interface Services Guide

Partial Recognition Process

Through a process called partial recognition, the recognition engine uses some or
all of the user-entered stroke data to determine the resulting Unicode match.
Windows CE uses partial recognition for glyphs in character sets with complex
multi-stroke stylus input, such as Japanese, Chinese, and Korean. You can set up
the HwxSetPartial function to accomplish partial recognition of glyphs similarly
to how you set it up for character recognition. The exception is that your
application calls the recognition engine multiple times for each glyph recognition.
Each time a stroke is processed through the UI, you instruct the recognition
engine to process by using the current amount of data.

Though not an absolute requirement, multi-threaded operation is the most
efficient means for performing partial recognition. While one thread gathers
character input, another can process data. When the two threads communicate
with each other, the thread that performs character input can control the thread
that performs the character recognition. This gives your application the capability
to produce partial results while the user is still writing. The HwxSetAbort
function enables the gathering thread to tell the processing thread to stop, saving
processing time by not using an invalid result. In this basic process,
HwxSetAbort passes the recognition engine an HRC and a pointer to an address
that contains the number of strokes that are currently input by the user. If the
contents of the address do not match the number of strokes that the recognition
engine is trying to process, the recognition engine stops.
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Performing Handwriting Recognition

The process of handwriting recognition requires your application to use the
handwriting application programming interface (API) to accomplish the following
sequence of events.

> To start and end a handwriting recognition session

1.

Call HwxConfig to initialize the recognition engine for your application.
This occurs only once for any specified application.

2. Create an HRC object by using HwxCreate.

. Define the box or boxes used for processing user input by using

HwxSetGuide.

4. Define recognition criteria by using HwxALCValid and HwxALCPriority.

10.

. Pass the previously-recognized character, if one exists, to the HRC with

HwxSetContext.
Call HwxInput to send ink data to the HRC as the user writes.
Use HwxProcess to pass the HRC to the recognition engine for processing.

Note Repeat step 7 for each input stroke when performing partial recognition.

Call HwxResultsAvailable to obtain the number of recognized characters.
Get the recognition engine results with HwxGetResults.

Invalidate the current HRC with HwxDestroy to complete the recognition
process.
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CHAPTER 8

Designing a User Interface for
Windows CE

An application user interface (UI) serves two main purposes: to receive user input
and to provide user output. How well your application handles these tasks
depends on the target hardware platform capabilities, operating system (OS)
configuration, and input/output (I/O) requirements.

Before designing your application, you need to ask some important questions
about its interface:

= Will it include graphics?
= How will your application receive user input?

= Will users enter commands with a keyboard, with a touch screen, with voice
commands, or with buttons on a console?

= How will you provide feedback to the user?
= Will your device support an LCD screen or audio feedback?

The Windows CE OS supports a range of devices, from the Handheld PC (H/PC)
to embedded systems. Its modular feature design enables you to create
applications that are suited for a specific platform. Because Ul requirements vary,
this chapter describes general design considerations for a graphical Ul

A well-designed UI focuses on users and their tasks. Good UI design considers
general design principles as well as how graphics, color, and layout influence
application usability. Consider the following design concepts when creating a
user-focused UL

= Give the user control

Enable the user, not the computer or software, to initiate actions. Remember,
the goal of the user is not to use the application, but to accomplish a task.
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Use familiar concepts

To increase familiarity with the interface, enable users to manipulate
representations of the tasks they perform. For example, if you provide a
desktop-like interface, enable users to drag icons depicting documents to an
icon depicting a trash can when deleting a file. For other types of interfaces, be
sure that buttons and icons relate to the tasks they perform. For example,
display a wrench icon to start an automotive maintenance application.

Another way to increase user familiarity with the interface is to avoid using
modes. Modes, which occur when identical commands or keystrokes perform
different actions in different situations, force users to think about how the
application works instead of the task at hand. Though modes are best avoided,
warning boxes and message boxes are two necessary and appropriate mode

types.
Be consistent

Consistency makes the interface familiar and predictable, which reduces user
errors and improves performance. Consistency is enhanced with components
that have a similar appearance and behavior and with actions that have the
same result regardless of context. For example, in a desktop environment,
scroll bars operate the same way, whether the scroll bar is in a list box or
window. To achieve consistency, reuse standard commands in each task.

Enable interactive discovery

Empower the user to explore the interface through trial and error, but provide
warnings about potential damage to the system or data. To minimize user
problems, provide clear error messages and indicate appropriate actions to
recover from an error. When possible, make actions reversible or recoverable.

Provide feedback

Present the user with timely visual and audio cues to confirm that the software
is responding to input.

Focus on aesthetics

An attractive interface helps the user select appropriate information and
suggests a quality application.

Design with simplicity

Simple interfaces, with an uncluttered display, are easy to learn and use. Show
the most important controls directly on the interface and hide the rest in

menus. Reduce the number of tasks presented in a single window or screen and
group related tasks together.

Support multiple input methods

Provide multiple methods for performing an operation. To accomplish this,
support multiple input devices if possible, and provide keyboard shortcuts or
accelerators for specific tasks, if a keyboard is supported.
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Designing Windows and Dialog Boxes

Many graphical UI use a desktop metaphor, which simplifies common file
operations by presenting them in a familiar context. Depicting files as paper
documents, directories as folders, and deleted items within a trash can are
examples of the desktop metaphor. Though appropriate for most applications
running on an H/PC or similar device, this metaphor might not be appropriate for
some embedded systems, such as an automobile navigation application or a point-
of-sale device. If the desktop metaphor is not appropriate for your application, use
another suitable metaphor.

Whatever metaphor you choose, provide a context for your application. If you use
the desktop metaphor, it is best to present objects in standard windows and dialog
boxes. If you use a different metaphor, you could forgo using windows entirely
and present objects only in dialog boxes. If you do use windows, and if your
application’s windows do not fill the entire screen, design the windows to be a
fixed size because Windows CE does not support the resizing of windows by
users.

Dialog boxes are secondary windows that contain controls and provide
information to a user about actions. Windows CE supports three types of dialog
boxes: application-defined dialog boxes, message boxes, and property sheets.

An application-defined dialog box helps users perform tasks specific to an
application. It provides a great deal of flexibility by enabling you to place controls
directly onto the body of the dialog box. This is especially useful when designing
interfaces that do not use a desktop metaphor because you can design an entire
application interface by using only application-defined dialog boxes to house
controls. When using an application-defined dialog box, include only as many
controls as are needed for your application and space them adequately.

An application-defined dialog box can be modal or modeless. A modal dialog box
requires the user to supply information or close the dialog box before enabling the
application to continue. A modeless dialog box enables the user to supply
information and return to a previous task without closing the dialog box.

A message box is a modal dialog box that displays a message and prompts for
user input. It typically contains a text message and one or more predefined
buttons. The following screen shot shows a modal dialog box.
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The following screen shot shows a property sheet, which is a collection of tabbed
pages that enables a user to view and modify object properties.
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Deleted Items folder options:

Delete local
messages
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In a desktop metaphor, a dialog box typically contains OK and Cancel
commands, which initiate a user request or dismiss the window, respectively. In
Windows CE, the X button represents both the Close and Cancel commands.
Follow these guidelines for using the X and OK buttons in dialog boxes:

= When the OK and X buttons perform the same function, use the OK button,
because users are more comfortable clicking the OK button than the X button
to confirm an action. Be sure to disable the X button.

= Never place an OK button in both the command bar and the body of a dialog
box because users might find this confusing. However, you can place a Cancel
button in the body of a dialog box and an X button on the title bar.

Designing Menus

Menus are collections of commands, attribute selections, separators, and other
selectable elements. All Windows CE menus are implemented as top-level, pop-
up windows that do not support buttons. Although Windows CE supports owner-
drawn menu items, it handles them as it would other menu items.

Windows CE does not support menu bars. Rather, it combines the features of a
menu bar and a toolbar into one control called a command bar, which makes
efficient use of the screen space available on Windows CE-based devices.
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The following screen shot shows a command bar.
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Windows CE supports four menu types:

Pop-up

A pop-up menu is a floating menu that displays commands that are specific to
the object selected by the user or to the object’s immediate context. A pop-up
menu appears at the location on the screen where the user accessed it. It is
typically used for common commands that rarely change in content and for
items that require a small amount of screen space. It is recommended that you
restrict the number of items in a pop-up menu to less than 10.

Scrolling

A scrolling menu is a menu that adds scroll arrows to enable a user to scroll
the menu up and down if a menu exceeds the display area height. Scrolling
menus are unique to Windows CE. With scrolling menus, you do not have to
limit the size of a menu to the number of items that fit on screen.

Cascading

A cascading menu is a secondary menu or submenu that appears when a
certain option is selected in the parent menu. A triangular arrow next to the
parent item in a menu indicates a cascading menu. Windows CE displays
cascading menus in alphabetical order. If the height of a cascading menu
exceeds the maximum screen height, the menu adopts a multiple-column mode
on an H/PC and scrolls on a Palm-size PC to show the remaining menu items.
Use a cascading menu to group related menu items or when a choice leads to a
short list of related options.

Pull-down

A pull-down menu contains commands that are accessed from a command or
menu bar. It is commonly used to display text, but it can also contain graphics,
colors, and shading. When creating a pull-down menu, display all possible
command choices on the menu. Items that cannot be chosen due to the
application state should be dimmed. Use a pull-down menu to provide access
to a small number of items with content that rarely changes.
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Working with Command Bars

One of the challenges encountered when creating a Windows CE-based
application is to design for a small screen. To maximize the screen space available
for applications in the client area, the OS supports a new type of control—the
command bar. The command bar is unique to Windows CE because it combines a
menu bar, toolbar, and an optional address bar. Windows CE supports multiple
command bars, each containing gripper controls that enable users to hide buttons
and menus. Command bars can contain combo boxes, edit boxes, and buttons, as
well as other types of controls. They also can include the Close (X) button, the
Help (?) button, and the OK button.

Command bars vary from 240 pixels through 640 pixels in length depending on
the screen resolution. It is recommended that you always display a command bar
in Windows CE-based applications.

Command bars are composed of bands, separated by gripper controls. Each band
can contain up to one child window, which can be a toolbar or any other control.
The default is to display a toolbar. Additionally, each band can have its own
bitmap, displayed as a background for the toolbar. A user can resize or reposition
a band by dragging its gripper bar. If a band has a text label or icon next to its
gripper bar, a user can maximize the band and restore it to its previous size by
using the pointing device to choose the label or icon. The following screen shot
shows a command bar.

| File Edit View Go Favorites
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A command bar menu includes a list of commands that drops down when a user
taps the menu’s caption on the command bar. Menu titles on a command bar
appear in bold text. If you include a menu bar, always position it as the first
(leftmost) element on the command bar. If you provide File, Edit, View, Insert,
Format, Tools, and Window menus, place them in this order, from left to right.
The menu titles appear as bold text surrounded by a rectangular frame.

Windows CE supports ToolTips for command bar and toolbar buttons, but not for
menus or combo boxes on a command bar. ToolTips usually display only the title
of a button command, but they can also display the shortcut key for the command.
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You can place check boxes or radio buttons on the command bar to enable users
to toggle between different views. Moving between views can make windows
more readable by eliminating unnecessary scrolling. A command bar button can
display both text and images. This enables you to include text as part of a button
label to provide descriptions, which eliminates the need for ToolTips.

If you choose to place a label next to your edit control on a command bar, you
have two choices. You can insert a static text field above or to the left of the
control. Alternatively, you can include an edit control label inside the text field as
the default text. In this case, you would enclose the label between angle brackets,
as in the following example: <name>. Because the user can no longer see the
control label when typing text in the field, it is recommended that you use a static
text field.

If you provide individual New, Open, Save, and Print buttons on a command bar,
you must position them in this order, from left to right. If you provide individual
Bold, Italic, and Underline buttons, you must also place them in this order, from
left to right. Always make buttons at least 23 x 23 pixels. If you plan to support
touch interaction in which users use a finger rather than a stylus, make all buttons
at least 38 x 38 pixels. However, to conserve space, consider creating a
combo-box button instead of three or four separate buttons.

Choosing Controls

Windows CE supplies a set of controls that you can use to build an application.
Controls commonly appear in dialog boxes, but they can also appear on toolbars
and command bars. Windows CE supports many predefined controls, which can
be divided into two categories: window controls and common controls. Window
controls send the WM_COMMAND message and include buttons, check boxes,
radio buttons, push buttons, group boxes, combo boxes, edit controls, list boxes,
and static controls. Common controls send the WM_NOTIFY message and
include all other controls. They are divided into the following sub-categories:
foundation controls, file controls, scale controls, informational controls, and
miscellaneous controls used for specific Windows CE-based platform features.

Due to the large number of controls available in Windows CE, determining which
control to use in a specific situation can be difficult. When choosing a control,
you must consider the type of input you are trying to capture, the abilities and
limitations of the control, and the characteristics of your platform’s screen.
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Control

The following table shows all predefined Windows CE controls and their uses.

Description

Use

Check box

Radio button

Push button
(command button)

Group box

Combo box

Drop-down list box

Edit control

A two-part control consisting of a square box
and text options. Each option acts as a switch
that can be turned on and selected or turned off
and cleared. When an item is turned on, a check
mark appears within the square box; otherwise,
the square box is empty. A user can select more
than one option in a group of check boxes.

A two-part control consisting of a small circle
and text options. When an option is selected, the
circle appears highlighted or filled. Only one
option can be selected at one time in a group of
radio buttons.

A square or rectangle with a text or graphic
label inside. When chosen, an application
immediately performs the associated action or
command.

A rectangular frame that surrounds a group of
controls.

A control possessing the characteristics of both
an edit control and a list box or drop-down list
box. Information can be either typed into the
edit control field or selected from items
displayed in the list box.

A rectangular box with an arrow button on the
side. When the arrow button is selected, the box
displays a hidden list of items that seems to drop
down from a single item. If the list exceeds the
box boundaries, scroll bars appear, enabling a
user to view the remaining list.

A rectangular box in which information can be
entered by the user or in which information is
displayed for read-only purposes. Edit controls
typically contain captions and can be designated
as either single-line or multiple-line.

When setting properties, attributes, or
values.

When more than one choice can be
selected.

When ample screen space is available.
When options do not change.

When setting properties, attributes, or
values.

When only one choice can be selected.
When ample screen space is available.
When options do not change.

To perform an action.

To display a menu or window.

To set a condition or property value.
When ample screen space is available.

To visually separate and relate groups
of controls.

To visually relate elements within a
window.

When options are large in number and
not frequently selected.

When the list of options can change.
When only one choice can be selected.
To capture unlisted data.

When users prefer to type information
rather than select it in a list.

When a form of input is available.
When only one choice can be selected.
‘When screen space is limited.

‘When options are many and not
frequently selected.

When options are difficult to
categorize and vary in length.

‘When an input method is available.

When providing a list of options is not
feasible.
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Control

Description

Use

List box

Scroll bar

Static control

Control

A rectangular box containing a list of items
from which either a single selection or multiple
selections are made. Lists can contain either text
or graphics. If the list exceeds the boundaries of
the box, scroll bars appear, enabling a user to
view the remaining items.

A rectangular container consisting of a scroll
area, a slider box, and arrows. Scroll bars are
typically found on primary and secondary

windows.

A text field that displays read-only information.

When options are large in number and
not frequently selected.

When screen space makes radio
buttons or check boxes impractical.

When the list of options might change.
When ample screen space is available.

To view information that uses more
than the available space.

To display a caption.
To provide instructional information.
To display descriptive information.

To display a keyboard hot key for
another control.

The following table shows foundation controls, which are used to contain or

manage other controls.

Description

Use

Command band

Command bar

Toolbar

A special kind of rebar control. It has a
fixed band at the top containing a toolbar
with an optional Clese (X) button, OK
button, and Help (?) button, in the right
corner. By default, each band in the
command bands control contains a
command bar. You can override this if you
want a band to contain some other type of
child window.

A toolbar that combines a menu bar as well
as the Close (X) button, an OK button, and
optionally, the Help (?) button. A
command bar can contain menus, combo
boxes, buttons, and separators. A separator
is a blank space that you can use to divide
other elements into groups or to reserve
space in a command bar.

A panel that contains a set of controls.

To provide easy access to frequently used
commands or options.

When screen space is limited.

To provide easy access to frequently used
commands or options.

When screen space is limited.

To provide easy access to frequently used
commands or options.
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Control Description Use
Property sheet A control to define property sheets. It When creating property sheets.
accepts dialog box layout specifications
and automatically creates tabbed property
pages.
Tab control A tab control resembles a divider in a To present repetitive, related information.
F‘Ofteb°°1$ and is used to define sections of 1 resent options or settings that can be
information within the same window. applied to one object.
Rebar A control that acts as a container for a child  When screen space is limited.
window. It contains one or more bgnds; To hide and show portions of a command
each band can contain one child window, bar.
which can be a toolbar or any other control.
Each band can have its own bitmap, which
is displayed as a background for the toolbar
on that band. A user can resize or
reposition a band by dragging its gripper
bar. If a band has a text label next to its
gripper bar, a user can maximize the band
and restore it to its previous size.
The following table shows file controls, which are used to display files.
Control Description Use
Header control A heading above a column of text or To display text and graphics.
numbers that can b(_’ divided into two or To aid the user in sorting or sizing columns
more parts for multiple columns. Each part of information.
can operate like a command button to
support a different function.

Image list A list box that contains a collection of When the displaying of icons or images is
images that are all the same size, such as appropriate.
bitmaps or icons. Image lists manage When you implement a toolbar, treeview
images, but do not display them. They are control, or list view control.
designed to be used with toolbar buttons, list
view controls, and tree view controls.

Tree view A list box that displays a hierarchical set of To display a relationship between a set of
labeled items as an indented outline. It containers.
includes buttons that enable the outline to be When ample screen space is available.
expanded and contracted.

List view A list box that displays a collection of files When the displaying of icons is

or folders consisting of an icon and a label.
Selection and navigation in this control work
similarly to that in a folder window.

appropriate.

When ample screen space is available.
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Control Description Use
Spin box An edit control with an associated spin When options are infrequently selected
button control. A spin box enables the and small in number.
user to select an gption by scFolling. When screen space is limited.
through a small list or by typing an item .
in the edit control field. When there are too many options to
display in a combo box or list box.When
only one choice can be selected.
Trackbar (slider) A bar with tick marks on it and a slider To set an attribute.
or thumb. The tick marks represent a When only one choice can be selected. -
range of values. When a user drags the O .
slider arm, it moves in the appropriate When a limited range of possible
direction, tick by tick. settings exists.
When options are incremented.
When ample screen space is available.
The following table shows informational controls, which are used to provide
information about tools, processes, or time.
Control Description Use

Progress bar

Date and time picker

Status bar

Month calendar

ToolTip

A display-only control that consists of a
rectangular bar that fills from left to
right.

A control that provides users with an
easy way to modify date and time
information. Each field in the control
displays a time element, such as month,
day, hour, or minute.

An area within a window, typically at
the bottom, that displays information. It
can contain display-only controls.

A child window that displays a monthly
calendar. The calendar can display one
or more months at a time.

A small pop-up window containing
information about a control. A ToolTip
appears when a stylus is held on a
control that supports ToolTips.

To provide visual feedback concerning
completion of a process.

When ample screen space is available.
To modify date and time information.
When screen space is limited.

To provide information about the current
state of what is being viewed in the
window.

To provide a descriptive message about a
selected menu or toolbar.

To select date information.

When screen space is limited.

To supply information about a control.

To reduce screen clutter caused by
control captions.
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The following table shows miscellaneous controls, which are used for specific
Windows CE-based platform features.

Control Description Use

HTML viewer A control that provides the features To view Hypertext Markup Language
required to implement Microsoft Pocket (HTML) text and embedded images.
Internet Explorer Internet browser or
Windows CE Help.

Rich Ink A control that captures stylus motions in To accept user input without using a
order to emulate the act of writing or keyboard.

Voice recorder

drawing on paper. The control’s document
view, under the touch screen, serves as
electronic paper. In addition to capturing
images, Rich Ink also has editing and
formatting capabilities.

A control that provides recording and To support voice recording and playback.
playback features.

In addition to predefined controls, Windows CE supports a new custom draw
service. The custom draw service is not a predefined control; it is a service that
makes it easy to customize a common control’s appearance. You can use the
custom draw service to change a common control’s color or font or to partially or
completely draw the control.

In addition to Windows CE controls, you can also create custom controls. When
designing custom controls, avoid the following:

Controls that are difficult to use

Make controls easy to use. For example, make controls larger, use colors that
contrast with the screen background, and remove nearby controls and
unnecessary images. Additionally, when you design a control, have a variety
of people test its usability.

Controls that are too close together

Controls should be spaced so that users do not accidentally select one control
while intending to select another.

Controls that are hard to interpret

A control should represent its corresponding function. For example, place an
image of a scissors on a button control used to “cut” text.

Controls that are hard to distinguish

Controls should have easily recognizable differences. When you have several
similar controls close together, users can confuse them. Distinguish controls by
using a unique size, position, shape, and contrast for each.
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Controls that are hidden

Controls should be obvious. If you want to hide a control, place it where users
expect to find it, such as in a menu. Controls that are occasionally unavailable
should be disabled and dimmed, not hidden, unless screen space is severely
limited.

Controls that are not predictable

Controls that have the same function should operate the same way regardless
of where they are placed. If a control uses a different operating principle,
design the control so that it will not be confused with controls that operate
differently.

Using Color and Grayscale Palettes

Designers often rely on color to make an application visually pleasing. However,
using color randomly or excessively can affect usability. To use color effectively,
keep the following guidelines in mind when designing a Ul:

Display no more than four colors on a single screen at one time and limit the
colors for your entire application to fewer than eight.

Use color in combination with other emphasis techniques to distinguish areas
on the interface and identify important features. Never use color alone to
distinguish elements because users might have difficulty distinguishing colors
under various lighting conditions. Also use fonts, icons, screen placement, or
patterns to distinguish screen elements.

Avoid spectrally opposite color combinations, such as red and blue or yellow
and purple; they can make images appear blurred.

Design applications primarily for a grayscale display. Many users might not
have color displays. Then, when the application is complete, add color.

Use color contrast for extended viewing; dim colors might not be discernable
once a user’s eyes adapt to the color.

Avoid colors lacking contrast as well as colors of equal brightness; they are
not easily distinguished.

Use black, white, and gray to improve resolution.

Use common color associations, such as red for stop or green for go, to
enhance familiarity.
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The color design model for Windows CE uses a 16-color Windows palette, based
on the Windows-based color scheme, and is measured in bits per pixel (bpp).
Windows CE supports pixel formats of 1, 2, 4, 8, 16, 24, and 32 bpp. Your
application should determine the color format that is supported by a display
device, and then adopt a complimentary display strategy.

Note An 8-bpp display driver can display a 32-bpp device-independent bitmap
(DIB) by mapping each color in the DIB color table to a specific color on the
device. The palette available in the application displaying the bitmap determines
what mapping is used. The application can lose color information if it does not
use an appropriate palette or if a bitmap uses more colors than the palette can
hold.

The following illustration shows a standard 16-color palette converted to
grayscale.

Color: Red Green Blue

[ ] white 255 255 255
 Teal 0 255 255
Purple 255 0 255
Blue 0 0 255
Light grey 192 192 192
Dark grey 128 128 128
Dark teal 0 128 128
Dark purple 128 0 128
Dark blue 0 0 128
Yellow 255 255
 Green 0 255
Dark yellow 128 128
Dark green 0 128
Red: 255 0
Dark red 128

Black 0

o O O ©O O O o

Some Windows CE-based devices support only a 2-bpp palette, with four gray-
scale colors: black, white, light gray, and dark gray. On a grayscale display, a
single-pixel graphical element, such as a dot or a line, can be difficult to
distinguish without an adjacent high contrast color. For example, white and light
gray elements can be hard to see unless presented against a black or dark gray
background.
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Likewise, light colors might be difficult to distinguish. When using light colors,
double the thickness of pixels or lines to strengthen them. Light gray works well
for creating a shadow effect around large controls on a white background and for
anti-aliasing, which adds colored pixels to a graphic to smooth jagged edges. If
you use light gray as a background color for your screen, use a white line to
visually separate key areas, such a command bar or owner-drawn menu, from
other areas of the screen.

Windows CE does not arbitrate between the palettes of the background and
foreground applications. Because of this, you should use only the first 10 and last
10 colors included in the stock palette of a display device, which generally are the
standard Windows video graphic adapter (VGA) colors.

Creating Icons and Bitmaps

In a graphical UL, icons convey attributes or tasks. An effective icon clearly
represents its function and is easy to remember; an ineffective icon reduces the
usability of an application by making it appear obscure and unapproachable.

Icons are used in different ways. They can either resemble what they represent—
for example, a book that is used to represent a dictionary—or they can represent a
characteristic, such as a gas pump to represent a gas station. Icons can also be
symbolic representations, which might or might not be clear to the user. An
example of this type of icon is the magnifying glass, which is used on Windows-
based desktop platforms to signify a search feature.

Icons most often are used on buttons, but they can be used for progress indicators
as well. When a Windows CE color icon has a Windows-based desktop platform
application equivalent, both icons use the same design and color. However, you
must create a 16-color version and a grayscale version of the icon to ensure that it
displays correctly on both color and 2-bpp devices.

Note The icon editor in the Microsoft Windows CE Toolkit for Microsoft Visual
C++ version 5.0 or later can create icon (.ico) files that retain both 16-color and 2-
bpp gray versions of an icon.

In addition to using Windows-based desktop platform application icon
equivalents, you can create your own icons by using the standard Windows-based
16-color palette. To add depth to an icon, use highlights and shadows; however,
recall that the icons you create must translate correctly to 2 bpp gray if the target
device supports both grayscale and color displays.
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The following table shows how the 16-color palette translates to 4 grays.

Color Red Green Blue Gray conversion
-Black 0 0 0 Black
White 255 255 255 White
Dark gray 128 128 128 Dark gray
Light gray 192 192 192 Light gray
Dark red 128 0 0 Black

Red 255 0 0 Dark gray
Dark yellow 128 128 0 Dark gray
Yellow 255 255 0 Light gray
Dark green 0 128 0 Black
Green 0 255 0 Dark gray
Dark cyan 0 128 128 Dark gray
Cyan 0 255 255 Light gray
Dark blue 0 0 128 Black
Blue 0 0 255 Dark gray
Dark magenta 128 0 128 Dark gray
Magenta 255 0 255 Light gray

User Input Devices

Input devices enable users to interact with the UL. Windows CE supports several
types of user input devices, such as a keyboard, a mouse, a touch screen, a stylus,
and voice recognition, though input devices that are available on a specific device
might vary. For general design considerations for user input devices, see

The Windows Interface Guidelines for Software Design.

Providing User Feedback

In addition to receiving user input, a Ul provides feedback by displaying
messages. Messages are communications to the user that are displayed on the
screen. They inform the user of system status or prompt the user to complete some
action. Effective messages are clear and concise.

When you include an identification number in message text, place it at the end of
the message text and not in the title bar or at the beginning of the text where it
might decrease the user’s ability to quickly read the message.
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Window and Control Styles

Window and control styles are attributes that are controlled by specific style flags.
There are also extended styles that have their own set of flags.

Window and Message Box Styles

The following table shows window styles that are supported by Windows CE.

Basic window styles

Description

WS_CHILD

. WS_CLIPCHILDREN

WS_CLIPSIBLINGS

WS_DISABLED

WS_EX_NOACTIVATE

WS_EX_NOANIMATION

Specifies a child window. This should not be changed
after the window is created.

Excludes the area occupied by child windows when
drawing occurs within the parent window. This style is
used on the parent window. Windows CE~based
windows always have the WS_CLIPCHILDREN style.

Excludes the area that is occupied by sibling windows -
above a window.

Specifies a window that is initially disabled. A disabled
window cannot receive input from the user.

Specifies that a window cannot be activated. If a child
window has this style, tapping it does not cause its top-
level parent to activate. Although a window that has this
style will still receive stylus events, neither it nor its
child windows can get the focus. This style is supported
only by the Windows CE operating system (OS).

Prevents a window from showing animated exploding
and imploding rectangles and from having a button on
the taskbar. This style is supported only by Windows
CE.
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Basic window styles

Description

WS_EX_NODRAG

WS_EX_TOPMOST

WS_GROUP

WS_POPUP

WS_TABSTOP

WS_VISIBLE

Non-client area styles

Specifies a stationary window that cannot be dragged
by its title bar. This style is supported only by
Windows CE.

Creates a window that will be placed and remain above
all non-topmost windows. To add or remove this style,
use the SetWindowPos function.

Specifies the first control of a group of controls. This
style is used primarily when creating dialog boxes.
The group consists of this first control and all controls
that are defined after it, up to the next control for
which the WS_GROUP style is specified. Because the
first control in each group often has the
WS_TABSTOP style, a user can move from group to
group.

Specifies a pop-up window. This style should not be
changed after the window is created.

Specifies a control that can receive the keyboard focus
when the user presses the TAB key. This'style is used
primarily when creating controls in a dialog box.
Pressing the TAB key changes the keyboard focus to
the next control with the WS_TABSTOP style.

Specifies a window that is initially visible. This style
can be turned on and off to change window visibility.

Description

WS_BORDER
WS_CAPTION
WS_DLGFRAME

WS_EX_CAPTIONOKBTN
WS_EX_CLIENTEDGE

WS_EX_CONTEXTHELP

WS_EX_DLGMODALFRAME

WS_EX_OVERLAPPEDWIND
ow

WS_EX_STATICEDGE

Specifies a window with a thin-line border.
Specifies a window with a title bar and border.

Specifies a window with a dialog box border style. A
window with this style cannot have a title bar.
Includes an OK button in the title bar.

Specifies a window with a border that has a sunken
edge.

Includes a Help button (?) in the title bar of the
window.

Specifies a window with a double border.

Combines the WS_EX_CLIENTEDGE and
WS_EX_WINDOWEDGE styles.

Specifies a window with a three-dimensional border
style. This style should be used for items that do not
accept user input.
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Non-client area styles Description

WS_EX_WINDOWEDGE Specifies a window border with a raised edge.

WS_HSCROLL Specifies a window with a horizontal scroll bar.

WS_OVERLAPPED Specifies a window with the WS_BORDER and
WS_CAPTION styles.

WS_SYSMENU Specifies a window with a window menu on its title bar.

Use in conjunction with the WS_CAPTION style.
Windows CE does not have a system menu, but you can
use the WS_SYSMENU style to add the standard Close
(X) button to a window title bar.

WS_VSCROLL Specifies a window with a vertical scroll bar.

The following table shows message box styles that are supported by Windows
CE.

Button styles Description

MB_ABORTRETRYIGNORE  Specifies that the message box contains three buttons:
Abort, Retry, and Ignore.

MB_DEFBUTTONI1 Specifies that the first button is the default button. The
first button is always the default unless you specify
MB_DEFBUTTON?2.

MB_DEFBUTTON2 Specifies that the second button is the default button.

MB_DEFBUTTONS3 Specifies that the third button is the default button.

MB_OK Specifies that the message box contains one button:
OK.

MB_OKCANCEL Specifies that the message box contains two buttons:
OK and Cancel.

MB_RETRYCANCEL Specifies that the message box contains two buttons:
Retry and Cancel.

MB_YESNO Specifies that the message box contains two buttons:
Yes and No.

MB_YESNOCANCEL Specifies that the message box contains three buttons:
Yes, No, and Cancel.

Icon styles Description

MB_ICONASTERISK Includes an icon consisting of a lowercase letter i in a

MB_ICONINFORMATION circle in the message box.

MB_ICONERROR Includes a stop-sign icon in the message box.

MB_ICONHAND
MB_ICONSTOP

MB_ICONEXCLAMATION Includes an exclamation-point icon in the message box.
MB_ICONWARNING

MB_ICONQUESTION Includes a question-mark icon in the message box.
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Window styles

Description

MB_APPLMODAL

MB_SETFOREGROUND

MB_TOPMOST

Control Styles

Specifies that the user must respond to the message
box before continuing work in the window that is
identified by the hWnd parameter. However, the user
can move to the windows of other applications and
work in those windows.

Depending on the hierarchy of windows in the
application, the user might be able to move to other
windows within the application. All child windows of
the message box’s parent window are automatically
disabled, but pop-up windows are not.

MB_APPLMODAL is the default value.
Windows CE does not support ,
MB_SYSTEMMODAL or MB_TASKMODAL.

Specifies that the message box becomes the
foreground window.

Specifies that the message box is created with the
WS_EX_TOPMOST window style.

The following table shows window control styles that are supported by

Windows CE.
Check box styles Description
BS_3STATE Creates a check box in which the box can be

BS_AUTO3STATE

BS_AUTOCHECKBOX

BS_CHECKBOX

unavailable as well as selected or cleared. Use the
unavailable state to show that the state of the check
box is not determined.

Creates a three-state check box in which the state
cycles through selected, unavailable, and cleared each
time the user selects the check box.

Creates a check box in which the check state switches
between selected and cleared each time the user
selects the check box.

Creates a small, empty check box with a label
displayed to the right of it. To display the text to the
left of the check box, combine this flag with the
BS_RIGHTBUTTON style.
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Check box styles Description

BS_LEFT Left-aligns the text in the button rectangle on the
right side of the check box.

BS_RIGHT Right-aligns text in the button rectangle on the right

BS_RIGHTBUTTON

WS_TABSTOP

Combo box styles

side of the check box.

Positions a check box square on the right side of the
button rectangle.

Turns the control into a tab stop, which enables the
user to select the control by tabbing through the
controls in a dialog box.

Description

CBS_AUTOHSCROLL

CBS_DISABLENOSCROLL

CBS_DROPDOWN

CBS_DROPDOWNLIST
CBS_LOWERCASE

CBS_NOINTEGRALHEIGHT

CBS_OEMCONVERT

CBS_SORT
CBS_UPPERCASE

WS_TABSTOP

Automatically scrolls the text in an edit control to the
right when the user types a character at the end of the
line. If this style is not set, only text that fits within
the rectangular boundary is enabled.

Shows a disabled vertical scroll bar in the list box
when the box does not contain enough items to scroll.
Without this style, the scroll bar is hidden when the
list box does not contain enough items.

Displays only the edit control by default. The user
can display the list box by selecting an icon next to
the edit control.

Displays a static text field that displays the current
selection in the list box.

Converts to lowercase any uppercase characters that
are typed into the edit control of a combo box.

Specifies that the combo box will be exactly the size
specified by the application when it created the
combo box. Usually, Windows CE sizes a combo box
so that it does not display partial items.

Converts text typed in the combo box edit control
from the Windows CE character set to the OEM
character set and then back to the Windows CE set.
This style is most useful for combo boxes that contain
file names. It applies only to combo boxes created
with the CBS_DROPDOWN style.

Sorts strings that are typed into the list box.

Converts to uppercase any lowercase characters that
are typed into the edit control of a combo box.

Turns control into a tab stop, which enables the user
to select the control by tabbing through the controls
in a dialog box.
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Edit control styles

Description

ES_AUTOHSCROLL

ES_AUTOVSCROLL

ES_CENTER
ES_COMBOBOX
ES_LEFT
ES_LOWERCASE

ES_MULTILINE

Automatically scrolls text to the right by 10
characters when the user types a character at the end
of the line. When the user presses the ENTER key,
the control scrolls all text back to the zero position.

Scrolls text up one page when the user presses the
ENTER key on the last line.

Centers text in a multiline edit control.
Indicates that the edit control is part of a combo box
Left-aligns text.

Converts all characters to lowercase as they are typed
into the edit control.

Designates a multiline edit control. The default is a
single-line edit control.

When the multiline edit control is in a dialog box, the

- default response to pressing the ENTER key is to

activate the default button. To use the ENTER key as
a carriage return, use the ES_WANTRETURN style.

When the multiline edit control is not in a dialog box
and the ES_AUTOVSCROLL style is specified, the
edit control shows as many lines as possible and
scrolls vertically when the user presses the ENTER
key. If you do not specify ES_AUTOVSCROLL, the
edit control shows as many lines as possible and
beeps if the user presses the ENTER key when no
more lines can be displayed.

If you specify the ES_AUTOHSCROLL style, the
multiline edit control automatically scrolls
horizontally when the caret goes past the right edge
of the control. To start a new line, the user must press
the ENTER key. If you do not specify
ES_AUTOHSCROLL, the control automatically
wraps words to the beginning of the next line when
necessary. A new line is also started if the user
presses the ENTER key. The window size determines
the position of the word wrap. If the window size
changes, the word wrapping position changes and the
text is redisplayed.

Multiline edit controls can have scroll bars. An edit
control with scroll bars processes its own scroll bar
messages. Edit controls without scroll bars scroll as
described in the previous paragraphs and process any
scroll messages that are sent by the parent window.



Appendix A Window and Control Styles 243

Edit control styles

Description

ES_NOHIDESEL

ES_NUMBER
ES_OEMCONVERT

ES_PASSWORD

ES_READONLY

ES_RIGHT
ES_UPPERCASE

ES_WANTRETURN

WS_TABSTOP

WS_TABSTOP

Negates the default behavior for an edit control. The
default behavior hides the selection when the control
loses the input focus and inverts the selection when
the control receives the input focus. If you specify
ES_NOHIDESEL, the selected text is inverted, even
if the control does not have the focus.

Accepts into the edit control only digits to be typed.

Converts text typed in the edit control from the
Windows CE character set to the OEM character set
and then converts it back to the Windows CE set.
This style is most useful for edit controls that contain
file names.

Displays an asterisk (*) for each character that is
typed into the edit control. You can use the
EM_SETPASSWORDCHAR message to change the
displayed character.

Prevents the user from typing or editing text in the
edit control.

Right-aligns text in a multiline edit control.

Converts all characters to uppercase as they are typed
into the edit control.

Specifies that a carriage return be inserted when the
user presses the ENTER key while typing text into a
multiline edit control in a dialog box. If you do not
specify this style, pressing the ENTER key has the
same effect as pressing the dialog box’s default push
button. This style has no effect on a single-line edit
control.

Turns the control into a tab stop, which enables the
user to select the control by tabbing through the
controls in a dialog box.

Turns the control into a tab stop, which enables the
user to select the control by tabbing through the
controls in a dialog box.
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List box styles

Description

LBS_DISABLENOSCROLL

LBS_EXTENDEDSEL

LBS_MULTICOLUMN

LBS_MULTIPLESEL

LBS_NOINTEGRALHEIGHT

LBS_NOREDRAW

LBS_NOSEL
LBS_NOTIFY

LBS_SORT
LBS_STANDARD

LBS_USETABSTOPS

LBS_WANTKEYBOARDINPUT

WS_TABSTOP

Shows a disabled vertical scroll bar for the list box
when the box does not contain enough items to
scroll. If you do not specify this style, the scroll bar
is hidden when the list box does not contain enough
items.

Enables the user to select multiple items by using
the SHIFT key and the mouse or hot keys.

Specifies a multicolumn list box that the user scrolls
through horizontally. You set the width of the
columns by using the LB_SETCOLUMNWIDTH
message.

Turns string selection on or off each time a user taps
or double-taps a string in the list box. A user can
select any number of strings simultaneously.

Specifies that the list box will be exactly the size .
specified by the application when it created the list
box. Usually, Windows CE sizes a list box so that it
does not display partial items.

Ensures that the list box appearance is not
automatically updated when changes are made. You
can change this style by sending a
WM_SETREDRAW message.

Specifies that the user can view list box strings but
cannot select them.

Notifies the parent window when the user taps or
double-taps a string in the list box.

Sorts strings in the list box alphabetically.

Sorts strings in the list box alphabetically. The
parent window receives an input message when the
user taps or double-taps a string. The list box has
borders on all sides.

Enables a list box to recognize and expand tab
characters when drawing its strings. The default tab
positions are 32 dialog box units. A dialog box unit
is equal to one-fourth of the current dialog box base-
width unit. Windows CE calculates these units
based on the height and width of the current system
font.

Specifies that the owner of the list box receives
WM_VKEYTOITEM messages when the user
presses a key and the list box has the input focus.
This enables an application to perform special
processing on the keyboard input.

Turns the control into a tab stop, which enables the
user to select the control by tabbing through the
controls in a dialog box.
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Push button styles

Description

BS_BOTTOM
BS_CENTER
BS_DEFPUSHBUTTON

BS_LEFT
BS_NOTIFY

BS_OWNERDRAW

BS_PUSHBUTTON

BS_RIGHT
BS_TOP
BS_VCENTER
WS_TABSTOP

Radio button styles

Places the text at the bottom of the button rectangle.
Centers the text horizontally in the button rectangle.

Creates a push button with a heavy black border. If
the button is in a dialog box, the user can select the
button by pressing the ENTER key, even when the
button does not have the input focus. This style is
useful for enabling the user to quickly select the
most likely option, or default.

Left-aligns the text in the button rectangle.

Enables a button to send BN_DBLCLK,
BN_KILLFOCUS, and BN_SETFOCUS
notification messages to its parent window. Note
that the button sends the BN_CLICKED notification
message regardless of whether it has this style.

Creates an owner-drawn button. The owner window
receives a WM_MEASUREITEM message when
the button is created and a WM_DRAWITEM
message when a visual aspect of the button has
changed.

Creates a push button that posts a
WM_COMMAND message to the owner window
when the user clicks the button.

Right-aligns text in the button rectangle.
Places text at the top of the button rectangle.
Vertically centers text in the button rectangle.

Turns the control into a tab stop, which enables the
user to select the control by tabbing through the
controls in a dialog box.

Description

BS_AUTORADIOBUTTON

BS_LEFT

BS_RADIOBUTTON

Creates a radio button that, when selected by a user,
clears all other buttons in the same group.
Left-aligns the text in the button rectangle on the
right side of the check box.

Creates a small circle with a label displayed to the
right of it. To display the text to the left of the circle,
combine this flag with the BS_RIGHTBUTTON
style.
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Radio button Styles

Description

BS_RIGHT
BS_RIGHTBUTTON

WS_TABSTOP

Scroll bar styles

Right-aligns the text in the button rectangle on the
right side of the check box.

Positions a check box square on the right side of the
button rectangle.

Turns the control into a tab stop, which enables the
user to select the control by tabbing through the
controls in a dialog box.

Description

SBS_HORZ

SBS_VERT

Static control styles

Designates a horizontal scroll bar. If you do not
specify the SBS_TOPALIGN style, the scroll bar has
the height, width, and position specified by the
parameters of the CreateWindow function.

Designates a vertical scroll bar. If you do not specify
the SBS_LEFTALIGN style, the scroll bar has the
height, width, and position specified by the
parameters of the CreateWindow function.

Description

SS_BITMAP

SS_CENTER

SS_CENTERIMAGE

SS_ICON

Specifies that a bitmap will be displayed in the static
control. The text is the name of a bitmap that is
defined elsewhere in the resource file, not a file
name. The style ignores the nWidth and nHeight
parameters; the control automatically sizes itself to
accommodate the bitmap.

Specifies a simple rectangle and centers the error
value text in the rectangle. Windows CE formats the
text before display. The control automatically wraps
words that extend past the end of a line to the
beginning of the next centered line.

Specifies that the midpoint of a static control with the
SS_BITMAP style will remain fixed when you resize
the control. The four sides are adjusted to
accommodate a new bitmap. If the bitmap is smaller
than the control’s client area, the rest of the client
area is filled with the color of the pixel in the upper-
left corner of the bitmap.

Specifies that an icon will be displayed in the static
control. The text is the name of an icon defined
elsewhere in the resource file, not a file name. The
style ignores the nWidth and nHeight parameters; the
icon automatically sizes itself.
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Static control styles

Description

SS_LEFT

SS_LEFTNOWORDWRAP

SS_NOPREFIX

SS_NOTIFY

SS_RIGHT

Specifies a rectangle and left-aligns the text in the
rectangle. Windows CE formats the text before
display. The control automatically wraps words that
extend past the end of a line to the beginning of the
next left-aligned line.

Specifies a rectangle and left-aligns the text in the
rectangle. Tabs are expanded, but words are not
wrapped. Text that extends past the end of a line is
clipped.

Prevents interpretation of any ampersand (&)
characters in the control’s text as accelerator prefix
characters.

An application can combine SS_NOPREFIX with
other styles by using the bitwise OR (I) operator. This
can be useful when file names or other strings that
might contain an ampersand (&) must be displayed
within a static control in a dialog box.

Sends the parent window the STN_CLICKED
notification when the user clicks the control.

Specifies a rectangle and right-aligns the specified
text in the rectangle. Windows CE formats the text
before display. The control automatically wraps
words that extend past the end of a line to the
beginning of the next right-aligned line.

The following table shows common control styles that are supported by

Windows CE.

Basic common control styles

Description

CCS_ADJUSTABLE

CCS_BOTTOM

CCS_LEFT

Enables a toolbar’s built-in customization features,
which enable the user to drag a button to a new
position or to remove a button by dragging it off the
toolbar. In addition, the user can double-click the
toolbar to display the Customize Toolbar dialog
box, which enables the user to add, delete, and
rearrange toolbar buttons.

Causes the control to position itself at the bottom of
the parent window’s client area and sets the width of
the control to be the same as the parent window’s
width. Status windows have this style by default.

Causes the control to display vertically on the left
side of the parent window.
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Basic common control styles

Description

CCS_NODIVIDER

CCS_NOMOVEX

CCS_NOMOVEY

CCS_NOPARENTALIGN

CCS_NORESIZE

CCS_RIGHT

CCS_TOP

CCS_VERT

Prevents a 2-pixel highlight from being drawn at the
top of the control.

Causes the control to resize and move itself
vertically, but not horizontally, in response to a
WM_SIZE message. This message does not apply if
your control has the CCS_NORESIZE style.

Causes the control to resize and move itself
horizontally, but not vertically, in response to a
WM_SIZE message. Header windows have this
style by default. This style does not apply if your
control has the CCS_NORESIZE style.

Prevents the control from automatically moving to
the top or bottom of the parent window. Instead, the
control keeps its position within the parent window
despite changes to the size of the parent. If the
application also uses the CCS_TOP or
CCS_BOTTOM styles, it adjusts the height to the
default, but does not change the position and width
of the control.

Prevents the control from using the default width
and height when setting its initial size or a new size.
Instead, the control uses the width and height that is
specified in the request for creation or sizing.

Causes the control to display vertically on the right
side of the parent window.

Causes the control to position itself at the top of the
parent window client area and matches the width of
the control to the width of the parent window.
Toolbars have this style by default.

Causes the control to display vertically.
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Date and time picker styles

Description

DTS_APPCANPARSE

DTS_LONGDATEFORMAT

DTS_SHORTDATEFORMAT

DTS_SHOWNONE

DTS_TIMEFORMAT

Enables the owner to parse user input. When a date
time picker (DTP) control has this style, a user can
make changes within the client area of the control
by pressing the F2 key. The control sends a
DTN_USERSTRING notification message when the
user is finished editing.

Displays the date in long format. The default format
string for this style is defined by
LOCALE_SLONGDATEFORMAT, which
produces output like “Friday, April 19, 1998.”

Displays the date in short format. The default format
string for this style is defined by
LOCALE_SSHORTDATE, which produces output
like “4/19/98.”

Enables the control to accept “no date” as a valid
selection state. This state can be set with the
DTM_SETSYSTEMTIME message or verified with
the DTM_GETSYSTEMTIME message.

Displays the time. The default format string for this
style is defined by LOCALE_STIMEFORMAT,
which produces output like “5:31:42 PM.” An up-
down control is placed to the right of the DTP
control to modify time values.

DTS_UPDOWN Places an up-down control to the right of a DTP
control to modify time values. This style can be used
instead of the drop-down month calendar, which is
the default style.

Header control styles Description

HDS_BUTTONS Causes each header item to look and behave like a

HDS_DRAGDROP
HDS_FULLDRAG

HDS_HIDDEN

HDS_HORZ

button. This style is useful if an application carries
out a task when the user clicks an item in the header
control.

Enables drag-and-drop reordering of header items.

Causes the header control to display column
contents even while a user resizes a column.

Creates a header control that you can hide by setting
its height to zero. This style is useful when you use
the control as an information container instead of a
visual control.

Creates a horizontal header control.
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List view styles

Description

LVS_ALIGNLEFT

LVS_ALIGNTOP

LVS_AUTOARRANGE

LVS_EDITLABELS

LVS_EX_CHECKBOXES

LVS_EX FULLROWSELECT

LVS_EX_GRIDLINES

LVS_EX HEADERDRAGDROP

LVS_EX_ SUBITEMIMAGES

LVS_ICON
LVS_LIST
LVS_NOCOLUMNHEADER

LVS_NOLABELWRAP

LVS_NOSCROLL

LVS_NOSORTHEADER

Specifies that items are left-aligned in icon view and
small icon view.

Specifies that items are aligned with the top of the
list view control in icon view and small icon view.

Specifies that icons automatically remain arranged
in icon view and small icon view.

Enables item text to be edited in place. The parent
window must process the LVN_ENDLABELEDIT
notification message.

Enables items in a list view control to be displayed
as check boxes. This style uses item state images to
produce the check box effect.

Specifies that when an item is selected, the item and
all of its subitems are highlighted. This style is
available only in conjunction with the
LVS_REPORT style.

Displays gridlines around items and subitems. This
style is available only in conjunction with the
LVS_REPORT style.

Enables drag-and-drop reordering of columns in a
list view control. This style is only available to list
view controls that use the LVS_REPORT style.

Enables images to be displayed for subitems. This
style is available only in conjunction with the
LVS_REPORT style.

Specifies icon view.
Specifies list view.

Specifies that no column header is displayed in
report view, which is the default view.

Displays item text on a single line in icon view. By
default, item text might wrap in icon view.

Disables scrolling, so all items must be displayed
within the client area.

Specifies that column headers do not work like
buttons. This style is useful if clicking a column
header in report view does not carry out any action,
such as sorting.
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List view styles

Description

LVS_OWNERDATA
LVS_OWNERDRAWFIXED

LVS_REPORT
LVS_SHAREIMAGELISTS

LVS_SHOWSELALWAYS
LVS_SINGLESEL

LVS_SMALLICON
LVS_SORTASCENDING
LVS_SORTDESCENDING

Month calendar control styles

Creates a virtual list view control.

Enables the owner window to paint items in report
view. The list view control sends a
WM_DRAWITEM message to paint each item; it
does not send separate messages for each subitem.
The itemData member of the
DRAWITEMSTRUCT structure contains the item
data for the specified list view item.

Specifies report view.

Specifies that the control does not destroy the image
lists assigned to it when it is destroyed. This style
enables the same image lists to be used with
multiple list view controls.

Always shows the selection highlighted, even if the
control is not activated.

Enables only one item to be selected at a time. By
default, multiple items can be selected.

Specifies small icon view.
Sorts items based on item text in ascending order.

Sorts items based on item text in descending order.

Description-

MCS_DAYSTATE

MCS_MULTISELECT

MCS_NOTODAY

MCS_NOTODAYCIRCLE

MCS_WEEKNUMBERS

Specifies that the month calendar will send
MCN_GETDAYSTATE notifications to request
information about which days should be displayed
in bold.

Enables the user to select a range of dates. By
default, the maximum range is one week. You can
change the maximum selectable range by using the
MCM_SETMAXSELCOUNT message.

Creates a month calendar that does not display a
Today selection.

Creates a month calendar that does not circle the
current date.

Displays the week number, from 1 through 52, to
the left of each week in the calendar.
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Progress bar styles

Description

PBS_SMOOTH

PBS_VERTICAL

Rebar styles

Displays progress status in a smooth scrolling bar
instead of the default segmented bar.

Displays progress status vertically, from bottom to
top.

Description

CCS_VERT

RBBS_NOGRIPPER

RBS_AUTOSIZE

RBS_BANDBORDERS
RBS_FIXEDORDER

RBS_SMARTLABELS

RBS_VARHEIGHT

RBS_VERTICALGRIPPER

Causes the control to appear vertically at the left
side of the parent window.

Creates a rebar band that displays no gripper. This
style applies to individual bands, not to the entire
rebar. Windows CE is the only Windows-based OS-
that supports the RBS_NOGRIPPER style for rebar
controls. :

Specifies that the layout of a band will automatically
change when the size or position of its control
changes. When the layout changes, the control sends
an RBN_AUTOSIZE notification.

Displays narrow lines to separate adjacent bands.

Displays multiple bands in the same order at all
times. A user can move bands to different rows, but
the band order is static.

Displays the icon for a band that has an icon only
when the band is minimized. If a band has a text
label, the label is displayed only when the band is in
its restored state or in its maximized state.

Windows CE is the only Windows-based OS that
supports the RBS_SMARTLABELS style for rebar
controls. .

Displays a band at the minimum required height,
when possible. Without this style, the command
bands control displays all bands at the same height,
using the height of the tallest visible band to
determine the height of other bands.

Displays the size grip vertically, instead of
horizontally, in a vertical command bands control.
This style is ignored for command bands controls
that do not have the CCS_VERT style.
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Tab control styles

Description

TCS_BOTTOM

TCS_BUTTONS

TCS_FIXEDWIDTH

TCS_FLATBUTTONS

TCS_FLIP
TCS_FOCUSNEVER

TCS_FOCUSONBUTTONDOWN

TCS_FORCEICONLEFT

TCS_FORCELABELLEFT

TCS_MULTILINE

TCS_MULTISELECT

TCS_OWNERDRAWFIXED

TCS_RAGGEDRIGHT

Displays the tabs at the bottom of the control. If the
TCS_VERTICAL style is also specified, this style is
interpreted as TCS_RIGHT.

Displays all tabs as buttons with no border drawn
around the display area.

Specifies that all tabs are the same width. You can
not combine this style with the
TCS_RIGHTJUSTIFY style.

Changes the appearance of a selected tab to indented
while other tabs appear to be on the same plane as
the background. This style only applies to tab
controls that have the TCS_BUTTONS style.

Flips all tabs from top to bottom or left to right.

Creates a tab control that never receives the input
focus.

Specifies that a given tab, when selected, receives
the input focus.

Aligns an icon with the left edge of a fixed-width
tab. This style can only be used with the
TCS_FIXEDWIDTH style.

Aligns a label with the left edge of a fixed-width
tab; that is, it displays the label immediately to the
right of the icon instead of centering it. This style
can only be used with the TCS_FIXEDWIDTH
style, and it implies the TCS_FORCEICONLEFT
style.

Displays multiple rows of tabs, if necessary, so that
all tabs are visible at once.

Specifies that multiple tabs can be selected by
holding down CTRL when selecting a tab. This style
only applies to tabs that have the TCS_BUTTONS
style.

Specifies that the parent window is responsible for
drawing tabs.

Leaves a ragged right edge by not stretching a row
of tabs to fill the entire width of the control. This
style is the default.
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Tab control styles

Description

TCS_RIGHT

TCS_RIGHTJUSTIFY

TCS_SCROLLOPPOSITE
TCS_SINGLELINE

TCS_VERTICAL

Toolbar styles

Displays multiple tabs vertically on the right side of
controls that use the TCS_VERTICAL style. If the
TCS_VERTICAL style is not specified, this style is
interpreted as TCS_BOTTOM.

Increases the width of each tab, if necessary, so that
each row of tabs fills the entire width of the tab
control. This style is valid only when it is used with
the TCS_MULTILINE style.

Specifies that unused tabs move to the opposite side
of the control when a new tab is selected.

Displays only one row of tabs. The user can scroll to
see more tabs, if necessary. This style is the default.
Displays multiple tabs vertically on the left side of
the control. This style is valid only when it is used
with the TCS_MULTILINE style. To make tabs
appear on the right side of the control, combine this
style with the TCS_RIGHT style.

Description

TBSTYLE_AUTOSIZE

TBSTYLE_BUTTON

TBSTYLE_CHECK

TBSTYLE_CHECKGROUP

TBSTYLE_CUSTOMERASE

TBSTYLE_DROPDOWN
TBSTYLE_FLAT

Calculates a button width based on the text of the
button, not on the size of the image.

Creates a toolbar button that looks like a standard
Windows CE push button.

Creates a button that toggles between the pressed
and not pressed states each time the user clicks it.
The button has a different background color when it
is in the pressed state.

Creates a check button that stays pressed until
another button in the group is pressed.

Creates a toolbar that generates
NM_CUSTOMDRAW notification messages when
it processes WM_ERASEBKGND messages.

Creates a drop-down list button.

Creates a flat toolbar, in which both the toolbar and
the buttons are transparent. Button text appears
under button bitmaps.
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Toolbar styles

Description

TBSTYLE_GROUP

TB STYLE_LIST

TBSTYLE_SEP
TBSTYLE_TOOLTIPS
TBSTYLE_TRANSPARENT

TBSTYLE_WRAPABLE

Tree view styles

Creates a button that stays pressed until another
button in the group is pressed.

Places button text to the right of button bitmaps.
This style can only be used with the
TBSTYLE_FLAT style. In Windows CE, the
TBSTYLE_LIST style creates a toolbar with
variable width buttons. If you want to use the
TBSTYLE_LIST style with fixed width buttons,
you can override the default behavior by sending a
TB_SETBUTTONSIZE or
TB_SETBUTTONWIDTH message.

Creates a separator, which provides a small gap
between button groups. A button that has this style
does not receive user input.

Creates a ToolTip control that an application can use
to display descriptive text for the buttons in the
toolbar.

Creates a transparent toolbar, in which the toolbar is
transparent, but the buttons are not. Button text
appears under button bitmaps.

Creates a toolbar that can have multiple rows of
buttons. Toolbar buttons can wrap to the next line
when the toolbar becomes too narrow to include all
buttons on the same line. Wrapping occurs on
separation and non-group boundaries.

Description

TVS_CHECKBOXES

TVS_DISABLEDRAGDROP

TVS_EDITLABELS
TVS_HASBUTTONS

Enables items in a tree view control to be displayed
as check boxes. This style uses item state images to
produce the check box effect. ‘

Prevents the tree view control from sending
TVN_BEGINDRAG notification messages.

Enables the user to edit the labels of tree view items.

Displays plus (+) and minus (-) buttons next to
parent items. The user taps the buttons to expand or
collapse a parent item’s list of child items. To
include buttons with items at the root of the tree
view, you must also specify the
TVS_LINESATROOT style.
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Toolbar styles

Description

TVS_HASLINES
TVS_LINESATROOT

TVS_SHOWSELALWAYS

TVS_SINGLESEL

Up-down control styles

Uses lines to show the hierarchy of items.

Uses lines to link items at the root of the tree view
control. This value is ignored if the
TVS_HASLINES control is not also specified.

Uses the system highlight colors to draw the
selected item.

Specifies that when a new tree view item is selected,
the selected item will automatically expand and the
previously selected item will collapse.

Description

UDS_ALIGNLEFT

UDS_ALIGNRIGHT

UDS_ARROWKEYS

UDS_AUTOBUDDY

UDS_HORZ
UDS_NOTHOUSANDS

UDS_SETBUDDYINT

UDS_WRAP

Positions the up-down control next to the left edge
of the buddy window. The buddy window is moved
to the right and its width is decreased to
accommodate the width of the up-down control.

Positions the up-down control next to the right edge
of the buddy window. The width of the buddy
window is decreased to accommodate the width of
the up-down control.

Causes the up-down control to process the UP
ARROW and DOWN ARROW keys on the
keyboard.

Automatically elects the previous window in the z-
order as the up-down control’s buddy window. In
Windows CE, the window must be an edit control.

Causes the up-down control’s arrows to point left
and right instead of up and down.

Prevents insertion of a thousands separator between
every three decimal positions.

Causes the up-down control to set the text of the
buddy window, using the WM_SETTEXT message,
when the position changes. The text consists of the
position formatted as a decimal or hexadecimal
string.

Causes the position to wrap if it is incremented or
decremented beyond the end or beginning of the
range.
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Index

A

accelerator tables
creating 34
described, using 35
loading, activating 36
active window described 200
adding
bit images to image lists 103
columns to list view controls 112
sound to applications 183
status bars text 137
tabs to tab control 143
allocating audio data blocks 189
API, waveform audio 186
application development
command bars 226
controls, choosing 227
creating icons, bitmaps 236
general design concepts 221
providing user feedback 237
user input devices 237
user interface design 221
using color, grayscale palettes 234
windows, dialog boxes 223
application-defined dialog boxes 42
applications
accelerator tables 36
checking key states 206
colors, working with 159
creating custom cursor for 48
creating sample 22
dialog box creation 41
menu items, checked or unchecked 33
WinMain starting point 9
arranging items in list view controls 113
ASCII accelerators 35
assigning image list to list view control 107
attributes, check-mark 33
audio
See also sound
data blocks
allocating 189
deallocating 195
querying I/O devices 186

audio (continued)
waveform
error-handling 193
files, using PlaySound function with 184
pitch, playback rates 192
using interface 186

bars
gripper 88
progress See progress bars
scroll 74
status See status bars
bit block transfer (blit) functions 158
bitmaps ’
adding to image lists 103
color values, palette indexes 160
color, support 235
creating 49, 236
described 155
drawing images 4
icons See icons
blink time, caret 46
blit (bit block transfer) functions 158
boxes
check, creating and using 58
group, use described 61
list 70
brushes described, using 167
buffer, text 6
buttons
check boxes, creating and using 58
color messages 63
command 59
described 57
group boxes 61
Help, enabling and disenabling 141
messages to 63
notification messages 63
option 60
push 59-60
radio 60
states, changes to 62
styles (table) 239
toolbars described 93
X, OK, application design guidelines 224
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C

calendar, month controls, described, creating 133
callback
fields, data and time picker 132
items, masks 110
Cancel command and X button 224
carets
blink time, flash time 46
creating 45, 206
described 45
hiding, destroying 46
using 206
cascading menus 225
character messages, processing 205
characters
creating end-user defined 178
defining input box 215
hand-drawn, recognizing 214
limit of user-entered 67
recognition
aiding process 217
handwriting, performing 219
partial, process 218
sequence 216
retrieving 68
check boxes
button type 57
creating 58
styles (table) 240
general use 58
checking key states 206
check-mark attribute, menu item 33
child windows described 17
classes, up-down control 128
clipboard, moving text between edit control and 66
clipping, use in Windows CE 171
Close command and X button 224
code examples
brush functions, using 168
character recognition 217
color palettes, creating 162
columns and items in list-view window 112
command band, creating and registering 85
command bar, creating 84
control, adding with CreateWindowEx 54
creating
push button and static text control in dialog box 55
memory DC 157
shapes, lines 174
custom draw function 148
drag and drop messages, handling 126
edit control, creating with CreateWindow 64
in documentation xii

code examples (continued)
keystroke message processing 204
list box, initializing 71
list view control
creating with image list 108
custom draw notification messages 148
requesting data 111
pen functions, using 165
receiving, processing character messages 206
scrollbar, creating 75
toolbar, creating and registering 95
TranslateMessage function 205
trapping WM_COMMAND message 56
tree view control
creating 120
creating and setting image list for 124
up-down control, creating 128
code samples in documentation Xxii
codes
scan 199
virtual key 200
colors
16-color translation to grays (table) 237
button messages 63
changing in applications with custom draw 148
guidelines for application development 234
standard 16-color palette (table) 235
working with 160
using 159
columns, adding to controls 112
CombineRgn function, ways to use 171
combo boxes
described, using 72
styles (table) 240
command bands controls
described, using 85
manipulating (table) 88
command bar controls, described, using 82
command bars 29
developing for applications 226
manipulating (table) 82
labels 227
menu described 226
described, using 224
command buttons 59
common controls
customizing appearance of 145
described 51
styles 81
styles (table) 247
Windows CE supported (table) 81
working with 80
common dialog boxes 43
control identifiers 53-54
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controls
choosing for applications 227
columns, adding 112
combo boxes 72
command bands 85
command bars 82
common styles (table) 247
creating in dialog box 54
custom, creating 79
customizing appearance of 233
date and time picker 129
draw stage of 146
edit
changing formatting rectangle 66
described 63
text buffer 65
working with text 66
file (table) 231
foundation (table) 230
header
advanced features 101
using 99-100
informational (table) 232
items, subitems, adding 109
labels 227
list boxes, using 70
list view, creating 105
miscellaneous (table) 233
month calendar, described, creating 133
overview 51
paint cycles, draw stages 146
progress bars
described, creating 137
setting range, current position 138
rebar 88
static 78
status bars
adding text 137
described, creating 135
multiple-part, creating 136
size and position 135
styles (table) 240
tab 142
ToolTips 98
toolbars 93
trackbars 116
tree view, creating 118
undoing operations 68
up-down, spin 127
in dialog boxes, using 42
window
and common described 51
table 228
working with 52

conventions, document xiii
Core.dll 1
CreateWindowEx, syntax, window attributes 15
creating
accelerator table resources 35
accelerator tables 34
bitmaps 49
device-dependent 156
device-independent 155
carets 45, 206
check boxes 58
combo boxes 72
command bands control 85
command bar combo box 73
command bars 82
cursors 47
cursors, custom 48
date and time picker controls 129
dialog boxes 38
edit controls 64
end user defined characters 178
group boxes 62
header controls 99
icons 48, 104, 236
image lists 102
keyboard accelerators 34
lines, shapes 172
list box controls 70
list view controls 105
logical color palettes 161
menu functions 32
menus 29
month calendar controls 133
property sheets 139
push buttons 60
radio buttons 61
rebar controls 88
regions 170
sample applications 22
scroll bars 74
static controls 78
tab control 142
timers 50
toolbars 93
ToolTips 98
trackbars 116
tree view control image lists 123
tree view controls 118
up-down controls 127
window controls 53, 79
windows 14
cursors described, creating 47
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custom controls
described, using 79
design 233

custom draw service
changing fonts, colors 148
described, using 145, 233
drawing item by application 148
requesting item-specific notifications 148
responding to prepaint notification 147
sample 148

customizing control’s appearance 233

D

date and time picker controls
callback fields 132
described, creating 129
displaying information 130
format characters supported (table) 131
styles (table) 247
DCs (device contexts)
clipping regions 171
described 151
display, obtaining 152
getting handles to 152
memory and printer, obtaining 154
modifying 154 .
deallocating memory blocks 195
defining
accelerator tables 35
dialog box templates 38
menu templates 30
property sheets pages 140
deleting windows 22
designing
application user interfaces 221
menus 224
windows, dialog boxes 223

desktop metaphor for graphical user interfaces 223

destroying

carets 46

timers 50

windows 22
developing menus 224
device contexts See DCs

device platforms supported by Windows CE 221
device-dependent bitmaps described, creating 155-156
device-independent bitmaps described, creating 155, 160

devices
color, Windows CE design model 235
user-input, design 237

dialog boxes
and property sheets 139
application-defined 42
common described, using 43
creating
check box in 59
combo controls in 72
controls in 54
edit control in 64
group boxes in 62
list box control in 70
push button in 60
radio button in 61
scroll bar control in 75
described, creating 38, 223
designing 223
foregrounding 43
messages boxes 44
print common 44
templates, defining 38
types, descriptions (table) 42
DIBs 160
dispatching messages 11
display devices, color range of 159
displaying
carets 206
shortcut menus 32
documentation
code samples xii
Preface ix
typographical conventions xiii
drag-and-drop tree view controls 125
draw service 233
draw services, custom
changing fonts, colors 148
described 145
requesting item-specific notifications 148
responding to prepaint notification 147
draw stage of controls 146
drawing
items in applications 148
lines, curves, images 4
lines, shapes 172
text 182
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E

edit controls
changing formatting rectangle 66
creating 64
described 63
fonts, changing 65
password characters 69
selection fields 74
styles (table) 240
tabs, margins 69
edit controls (continued)
text
limiting user-entered 67
scrolling, undoing, wordwrap in 68
working with 66
text buffer, modifying 65
editing
labels in list view controls 115
tree view control labels 121
ellipse function (illustration) 173
enabling Help button for active property page 141
end user defined character (EUDC), using 178
enumerating fonts 181
error messages, application design guidelines 237
error-handling audio functions 193
EUDC (end user defined character), creating 178
event handling 3
events, sound, playing 184

F

features
graphics device interface (GDI) 151
GWES 1
list view, advanced 115
file controls (table) 231
finding items in list view controls 113
flash time, caret 46
focus window described 200
fonts
changing
in applications with custom draw 148
in edit controls 65
described, creating 176
enumerating 181
font-family names (table) 177
linked, base 178
standard values (table) 180
TrueType, raster
printing text 170
working with 177
using 179
format strings, date and time picker controls 130
formatting text 181

formatting rectangles, changing 66
foundation controls (table) 230

G

GDI See graphics device interface (GDI)
graphics
background and drawing modes 154
bitmaps, creating 236
graphics device interface (GDI)
principle features of 151
support 4

Graphics, Windowing, and Events Subsystem (GWES) See

GWES
grayscale
conversion from 16-color (table) 237
palettes, using in application development 234
gripper bars described, creating 88
group boxes
button type 57
creating 62
general use 61
GWES
component model 1
GDI support 4
introduction to Ul services 1
window management, event handling 2
Gwes.exe 1

H

handles
cursor 47
getting to DC 152
window 8
handling
errors with audio functions 193
events 3
handwriting
recognition
described 214
performing 219
recognizing hand-drawn characters 214
handwriting recognition context (HRC) 216
header controls
advanced features 101
described, using 99
messages 99
specifying items, size, position 100
styles (table) 247
Help button support 141
Hibernation state for applications 14
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hiding
caret 46
windows 19
hot keys
described, support 207
support 5
hot tracking 106
hover selection 106
HTML viewer controls, described 51
HWXGUIDE structure, setting up 215

/0O devices
audio, querying 186
waveform audio
opening 188
querying, opening 186
stopping, starting 190
icons
See also images
creating 236
creating, based on image 104
described, creating 48
styles (table) 239
identification numbers in messages 237
identifiers, control 54
IM See input method (IM)
image lists
creating 106
described, using 102
masked, nonmasked 102
tab control, adding 144
using images, overlays in 103-104
images
background 106
bitmaps
color use 160
described, creating 155
using in image lists 103
IMCallback interface, input methods available (table) 213
informational controls (table) 232
input, user See user input
input method (IM)
described 208
developing, registering 213
IMCallback interface (table) 213
messages (table) 212
programming 212
registery values 213
input panel
interaction between IM, GWES, and application
(illustration) 209
interface queries (table) 210

moving in response to WM_SETTINGCHANGE
message 211
programming 210
receiving input from 208
storage of state 211
support 5
items
arranging, sorting, finding 113
header control, adding to 100
in list view controls 109
list view, callback 110
tree view hierarchy 118

K

keyboard
accelerators described, creating 34
carets, creating and displaying 206
hot key support 207
input
model (illustration) 201
support 5
mapping scan codes to virtual key codes 200
messages, processing 202
user input, receiving 199
keys
checking state of 206
hot, support 207

L

labels
controls 227
list view controls 115
property pages 139
tree views 121

lines and shapes, drawing 172

linked fonts 178

list boxes
described, creating 70
styles (table) 240

list view controls
adding items, subitems 109
advanced features 115
arranging, sorting, finding items 113
callback items, masks 110
columns 112
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list view controls (continued)
described, using 105
image lists 106
item position 114
label editing 115
overlay images, using 107
retrieving information about items 110
scroll position 114
virtual 115
list views, styles (table) 247
lists
image See image lists
tree view image 123
loading .
accelerator tables 36
resources into memory 27
resources, function calls (table) 28
logical palettes, creating 161
looping waveform audio playback 191

mapping scan codes to virtual key codes 200
margins in edit controls 69
masks
callback 110
masked images 102
memory device context, creating 154
menu
items, enabling, setting attributtes 33
templates, defining 30
menus
command bar 226
described, creating 29
designing 224
scrolling 29
shortcut, using creation functions 32
Windows CE implementation 30
message boxes
described 223
foregrounding 45
styles (table) 239
messages
and windows 8
boxes described, using 44
buttons 63
character, processing 205
date-setting, time fields treatment 134
defined 9
guidelines for text 237
header control 99
identifiers 8
IM (table) 212
keyboard, processing 202

message loops described 9
parameters 8§
posting 10
receiving, dispatching, processing 11
sending 10
stylus input (table) 208
system-defined, application-defined 12
tab control processing 144
timer 50
trackbar 116
tree view control items 125
types (table) 12
Windows CE, using to manage waveform audio
playback 194
working with 7
miscellaneous controls (table) 233
modal dialog boxes
creating 38
message boxes 44
modeless dialog boxes, creating 38
modifying
color palette 161
DCs 154
text 66
month calendar controls
described, creating 133
setting time 134
styles (table) 247
mouse input support 5

N

notification messages
custom draw 148
from buttons 63
paint cycles, drawing states 146
property sheets 139
window control 55, 57

0

OK button, application design guidelines 224
opening waveform audio output devices 188
overlays, using in image lists 104
owner-drawn menu items 33

owner-owned windows 18
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P

pages, property sheet
active, inactive 141
setting position 142
paint cycle of controls 146
palettes
and colors 159-160
creating logical 161
standard 16-color (table) 235
using for application development 234
parent windows described 17
partial recognition process 218
passwords, characters in edit controls 69
pausing waveform audio I/O device 190
pens
described, using 164
styles, supported by Windows CE (table) 165
pixels, arbitrary format support 159
platforms, device, supported by Windows CE 221
playback
retrieving current position 189
waveform audio
changing pitch, volume 192
using Windows messages to manage 194
PlaySound 183-184
pop-up menus 30, 225
positioning
caret 46
header controls 100
list view items 114
property sheet window in application 142
tabs in tab control 145
toolbars 97
trackbar tick marks 117
up-down controls 128
windows 20
posting messages 10
PostMessage function, using 10
print common dialog boxes 44
printer device contexts, creating 154
printing 169-170
procedures, dialog box 39
processing
accelerator keystrokes for given thread 37
character messages 205
keyboard messages 202
user input 216
programming
input methods 212
input panel 210
progress bars :
control, described 137
setting range, current position 138
styles (table) 247

property sheets
described, creating 139, 224
pages
active and inactive 141
defining 140
described 139
labels 139
setting position 142
pull-down menus 225
push buttons
button type 57
owner-drawn 79
styles (table) 240
general use, creating 59-60

R

radio buttons

button type 57

creating 61

styles 60

styles (table) 240

general use 60
radio menu items, using 33
range, progress bars, setting 138
raster

fonts 177 .

operation (ROP) code types (table) 158
rc files 27
read-write, read-only text 65
rebar controls

described, using 88

styles (table) 247
receiving messages 11
recognition

handwriting 214

partial 218
regions

clipping, using 171

described, creating 170

tasks you can perform (table) 170
registering input method (IM) components 213
registry, input method values 213
releasing resources, function calls (table) 28
replacing text in edit controls 66
requests, scroll bars 77
resources

accelerator tables 35

described 27

functions-descriptions (tablc) 28

loading into memory 27

release functions (table) 28
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retrieving points, characters 68
Rich Ink controls, described 51
ROP code types (table) 158

S

samples
code, in documentation xii
creating applications 22
custom draw function 148
scan codes described 199
scroll bars
described, using 74
range and data object relationship 76
request handling 77
styles (table) 240
scroll position of list view controls 114
scrolling
menus 29, 225
text in edit control 68
selection fields in edit controls 74
sending messages 10
separators, described, using 82
SetTimer function 50
setting menu item attributes 33
shapes and lines, drawing 172
shortcut keys described, using 34
size and height, status bar controls 135
sizing
toolbars 97
windows 20
slider controls, creating 116
sorting items in list view controls 113
sound
See also audio
looping playback 191
PlaySound 183-184
waveform audio
closing output devices 197
playing files 189
querying, opening I/O devices 186
stopping, starting 1/0 device 190
using interface 186
working with 183
spin controls described 127
starting
print jobs 169
waveform audio I/O device 190
states
input panel 211
key, checking 206
toolbar button 94
tree view items 121
static controls

described, using 78
styles 78
styles (table) 240
status bars
controls described 135
multiple-part, creating 136
size and position 135
text 137
stopping waveform audio I/O device 190
strings, displaying in toolbar controls 93
styles
button (table) 239
check box (table) 240
combo box (table) 240
common control 81
common control (table) 247
control (table) 240
date and time picker (table) 247
edit control (table) 240
header control (table) 247
icon (table) 239
list box (table) 240
list views (table) 247
message box (table) 239
month calendar (table) 247
progress bar (table) 247
push button (table) 240
radio button 60
radio button (table) 240
rebar (table) 247
scrollbar (table) 240
static control (table) 240
static controls 78
tab control (table) 247
tab controls, extended 142
toolbar (table) 247
tree view (table) 247
up-down controls (table) 247
window (table) 237, 239, 240
window and control 237
stylus
input messages (table) 208
support 5
user input 207
subitems described 109
support
hot key 207
user input 5

T

tab controls
adding tabs to 143
described, creating 142
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tab controls (continued)
extended, styles 142
image lists, adding 144
processing messages 144
styles (table) 247
tab size, position 145
using 143
vertical, creating 143
tab stops, margins 69
tabs, adding to tab controls 143
templates
menu, defining 30
window classes 14
text
and fonts, creating 176
boxes See edit controls
buffer of edit control, modifying 65
drawing 182
edit control character limit 67
formatting 181
limiting user-entered 67
modifying 66
password characters 69
printing 170
read-write, read-only 65
replacing in edit controls 66
scrolling in edit control 68
status bar, adding 137
tab stops, margins 69
undoing operations, wordwrap 68
vertical, tab controls 143
working with 66
threads, working with 201
time, setting in month calendar control 134
time, and date picker controls
callback fields 132
described, creating 129
displaying information 130
format characters supported (table) 131
time-out values 50
timers described, creating 50
toolbar controls
button states 94
described, using 93
specifying size, position 97
toolbars

button states supported by Windows CE (table) 94

styles (table) 247
. transparent 97

ToolTips described, using 98
topmost and top-level windows 21
touch screen, receiving styus input 207
trackbars

described, creating 116

messages 116

TranslateAccelerator function 37
transparent toolbars, creating 97
tree view controls
described, creating 118
item
data 125
drag-and-drop operations 125
image lists 123
label editing 121
labels 121
selection 125
states 121
tree views, styles (table) 247
TrueType fonts
printing text 170
working with 177
typeface, font 176
types, message (table) 12
typographical conventions xiii

U

UI (user interface)
design guide 221
window management, event handling 2
undoing operations 68
up-down controls
described, creating 127
position, acceleration 128
styles (table) 247
user input
described 199
devices, application design 237
handwriting recognition 214
input method described 208
keyboard, receiving 199
limiting entered text 67
processing 216
receiving from input panel 208
support 5
stylus, receiving 207 )
user interface (UI) See UI (user interface)

v

views
list
advanced features 115
described, using 105
item and subitem 109
label editing 115
scroll position 114
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views (continued)
tree
described, creating 118
drag-and-drop operations 125
image lists 123
item data, selection 125
item labels, states 121
virtual
key codes 200
list views 115
_virtual-key code keystrokes 35
visibility of windows 19

w

.wav files, including as resource in application 184
waveform audio
changing pitch, volume of playback 192
closing output devices 197
files, using PlaySound function with 184
interface, using 186
opening output devices 188
playing files 189
querying, opening I/O devices 186
stopping, pausing, restarting I/O device 190
using Windows CE messages to manage playback 194
window and control styles 237
window classes
described 14
predefined, supported by Windows CE (table) 52
window controls :
buttons, check boxes 57
creating 53
described 51
notification messages
(table) 57
handling 55
working with 52
window handles 8
windows
active and focus 200
and messages 8
caret use 206
client and nonclicnt areas 7
controls (table) 228
creating 14
described, management 2
designing 223
destroying 22
making dialog box on top 43
making message box on top 45
owner-owned 18
parent, child 17
scroll bar requests 77

sizing, positioning 20
status 135
styles (table) 237, 239-240
top-level 17
topmost, top-level 21
visibility, controlling 19
working with 7
z-order 7
Windows CE
command bars, described, using 226
controls overview 51
custom draw service support 145
dialog box implementation 42
dialog boxes, menus, resources 27
event handling 3
GDI features supported 4
graphics device interface (GDI) 151
handwriting recognition 214
modular design for easy application development 221
predefined window classes (table) 52
printing process 169
user input support 5
user interface (UI)
services 1
design guide 221
WinMain application starting point 9
wordwrap functions 68
writing, recognition of handwriting 214
WYSIWYG output, obtaining 169

X

X button, application design guidelines 224

Z

z-order, windows stack 7
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