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Chapter 1

Introduction to Xlib

The X Window System is a network-transparent window system that was designed at MIT. X
display servers run on computers with either monochrome or color bitmap display hardware. The
server distributes user input to and accepts output requests from various client programs located
either on the same machine or elsewhere in the network. Xlib is a C subroutine library that appli-
cation programs (clients) use to interface with the window system by means of a stream connec-
tion. Although a client usually runs on the same machine as the X server it is talking to, this need
not be the case.

Xlib — C Language X Interfacis a reference guide to the low-level C language interface to the X
Window System protocol. It is neither a tutorial nor a user’s guide to programming the X Win-
dow System. Rather, it provides a detailed description of each function in the library as well as a
discussion of the related background informati¥iib — C Language X Interfacassumes a

basic understanding of a graphics window system and of the C programming language. Other
higher-level abstractions (for example, those provided by the toolkits for X) are built on top of the
Xlib library. For further information about these higher-level libraries, see the appropriate toolkit
documentation. Th¥ Window System Protocpiovides the definitive word on the behavior of

X. Although additional information appears here, the protocol document is the ruling document.

To provide an introduction to X programming, this chapter discusses:
. Overview of the X Window System

. Errors

. Standard header files

. Naming and argument conventions
. Programming considerations
. Formatting conventions

1.1. Overview of the X Window System

Some of the terms used in this book are unique to X, and other terms that are common to other
window systems have different meanings in X. You may find it helpful to refer to the glossary,
which is located at the end of the book.

The X Window System supports one or more screens containing overlapping windows or subwin-
dows. A screen is a physical monitor and hardware, which can be either color, grayscale, or
monochrome. There can be multiple screens for each display or workstation. A single X server
can provide display services for any number of screens. A set of screens for a single user with
one keyboard and one pointer (usually a mouse) is called a display.

All the windows in an X server are arranged in strict hierarchies. At the top of each hierarchy is a
root window, which covers each of the display screens. Each root window is partially or com-
pletely covered by child windows. All windows, except for root windows, have parents. There is
usually at least one window for each application program. Child windows may in turn have their
own children. In this way, an application program can create an arbitrarily deep tree on each
screen. X provides graphics, text, and raster operations for windows.



Xlib — C Library X11, Release 6

A child window can be larger than its parent. That is, part or all of the child window can extend
beyond the boundaries of the parent, but all output to a window is clipped by its parent. If several
children of a window have overlapping locations, one of the children is considered to be on top of
or raised over the others thus obscuring them. Output to areas covered by other windows is sup-
pressed by the window system unless the window has backing store. If a window is obscured by
a second window, the second window obscures only those ancestors of the second window, which
are also ancestors of the first window.

A window has a border zero or more pixels in width, which can be any pattern (pixmap) or solid
color you like. A window usually but not always has a background pattern, which will be
repainted by the window system when uncovered. Child windows obscure their parents, and
graphic operations in the parent window usually are clipped by the children.

Each window and pixmap has its own coordinate system. The coordinate system has the X axis
horizontal and the Y axis vertical with the origin [0, 0] at the upper-left corner. Coordinates are
integral, in terms of pixels, and coincide with pixel centers. For a window, the origin is inside the
border at the inside, upper-left corner.

X does not guarantee to preserve the contents of windows. When part or all of a window is hid-
den and then brought back onto the screen, its contents may be lost. The server then sends the
client program areExposeevent to notify it that part or all of the window needs to be repainted.
Programs must be prepared to regenerate the contents of windows on demand.

X also provides off-screen storage of graphics objects, called pixmaps. Single plane (depth 1)
pixmaps are sometimes referred to as bitmaps. Pixmaps can be used in most graphics functions
interchangeably with windows and are used in various graphics operations to define patterns or
tiles. Windows and pixmaps together are referred to as drawables.

Most of the functions in Xlib just add requests to an output buffer. These requests later execute
asynchronously on the X server. Functions that return values of information stored in the server
do not return (that is, they block) until an explicit reply is received or an error occurs. You can
provide an error handler, which will be called when the error is reported.

If a client does not want a request to execute asynchronously, it can follow the request with a call
to XSync, which blocks until all previously buffered asynchronous events have been sent and
acted on. As an important side effect, the output buffer in Xlib is always flushed by a call to any
function that returns a value from the server or waits for input.

Many Xlib functions will return an integer resource ID, which allows you to refer to objects

stored on the X server. These can be of Wedow, Font, Pixmap, Colormap, Cursor, and
GContext, as defined in the fileXL1/X.h>. These resources are created by requests and are
destroyed (or freed) by requests or when connections are closed. Most of these resources are
potentially sharable between applications, and in fact, windows are manipulated explicitly by
window manager programs. Fonts and cursors are shared automatically across multiple screens.
Fonts are loaded and unloaded as needed and are shared by multiple clients. Fonts are often
cached in the server. Xlib provides no support for sharing graphics contexts between applica-
tions.

Client programs are informed of events. Events may either be side effects of a request (for exam-
ple, restacking windows generatésposeevents) or completely asynchronous (for example,

from the keyboard). A client program asks to be informed of events. Because other applications
can send events to your application, programs must be prepared to handle (or ignore) events of all
types.

Input events (for example, a key pressed or the pointer moved) arrive asynchronously from the
server and are queued until they are requested by an explicit call (for exxiNpl¢Event or
XWindowEvent). In addition, some library functions (for exampkRaiseWindow) generate
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Exposeand ConfigureRequestevents. These events also arrive asynchronously, but the client
may wish to explicitly wait for them by callingSync after calling a function that can cause the
server to generate events.

1.2. Errors

Some functions returBtatus, an integer error indication. If the function fails, it returns a zero.

If the function returns a status of zero, it has not updated the return arguments. Because C does
not provide multiple return values, many functions must return their results by writing into client-
passed storage. By default, errors are handled either by a standard library function or by one that
you provide. Functions that return pointers to strings return NULL pointers if the string does not
exist.

The X server reports protocol errors at the time that it detects them. If more than one error could
be generated for a given request, the server can report any of them.

Because Xlib usually does not transmit requests to the server immediately (that is, it buffers
them), errors can be reported much later than they actually occur. For debugging purposes, how-
ever, Xlib provides a mechanism for forcing synchronous behavior (see section 11.8.1). When
synchronization is enabled, errors are reported as they are generated.

When Xlib detects an error, it calls an error handler, which your program can provide. If you do
not provide an error handler, the error is printed, and your program terminates.

1.3. Standard Header Files

The following include files are part of the Xlib standard:

. <X11/Xlib.h>
This is the main header file for Xlib. The majority of all Xlib symbols are declared by
including this file. This file also contains the preprocessor symbol

XlibSpecificationRelease This symbol is defined to have the 6 in this release of the stan-
dard. (Release 5 of Xlib was the first release to have this symbol.)

. <X11/X.h>
This file declares types and constants for the X protocol that are to be used by applications.

It is included automatically fromX11/Xlib.h>, so application code should never need to
reference this file directly.

. <X11/Xcms.l»
This file contains symbols for much of the color management facilities described in chapter
6. All functions, types, and symbols with the prefix “Xcms”, plus the Color Conversion

Contexts macros, are declared in this filX14/Xlib.h> must be included before including
this file.

. <X11/Xutil.h>

This file declares various functions, types, and symbols used for inter-client communication
and application utility functions, which are described in chapters 14 andxta./Xlib.h>
must be included before including this file.

. <X11/Xresource.l>

This file declares all functions, types, and symbols for the resource manager facilities,
which are described in chapter 15XXl/Xlib.h> must be included before including this
file.

. <X11/Xatom.h>
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This file declares all predefined atoms, which are symbols with the prefix “XA_".
. <X11/cursorfont.h>

This file declares the cursor symbols for the standard cursor font, which are listed in
appendix B. All cursor symbols have the prefix “XC_".

. <X11/keysymdef.t»

This file declares all standard KeySym values, which are symbols with the prefix “XK_".

The KeySyms are arranged in groups, and a preprocessor symbol controls inclusion of each
group. The preprocessor symbol must be defined prior to inclusion of the file to obtain the
associated values. The preprocessor symbols are XK_MISCELLANY, XK_LATIN1,
XK_LATIN2, XK_LATIN3, XK_LATIN4, XK_KATAKANA, XK_ARABIC,

XK_CYRILLIC, XK_GREEK, XK_TECHNICAL, XK_SPECIAL, XK_PUBLISHING,

XK_APL, XK_HEBREW, XK_THAI, and XK_KOREAN.

. <X11/keysym.l»

This file defines the preprocessor symbols XK_MISCELLANY, XK_LATIN1,
XK_LATIN2, XK_LATIN3, XK_LATIN4, and XK_GREEK and then includes
<X11/keysymdef.f».

. <X11/Xlibint.h >

This file declares all the functions, types, and symbols used for extensions, which are
described in appendix C. This file automatically includ&&XXlib.h>.

. <X11/Xproto.h>

This file declares types and symbols for the basic X protocol, for use in implementing
extensions. lItis included automatically frodEL/Xlibint.h >, so application and exten-
sion code should never need to reference this file directly.

. <X11/Xprotostr.h>

This file declares types and symbols for the basic X protocol, for use in implementing
extensions. Itis included automatically frolEL/Xproto.h>, so application and exten-
sion code should never need to reference this file directly.

. <X11/X10.h>

This file declares all the functions, types, and symbols used for the X10 compatibility func-
tions, which are described in appendix D.

1.4. Generic Values and Types

The following symbols are defined by Xlib and used throughout the manual:

. Xlib defines the typ@ool and the Boolean valuégue andFalse.

. None is the universal null resource ID or atom.

. The typeXID is used for generic resource IDs.

. The typeXPointer is defined to be char* and is used as a generic opaque pointer to data.

1.5. Naming and Argument Conventions within Xlib

Xlib follows a number of conventions for the naming and syntax of the functions. Given that you
remember what information the function requires, these conventions are intended to make the
syntax of the functions more predictable.

The major naming conventions are:
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. To differentiate the X symbols from the other symbols, the library uses mixed case for
external symbols. It leaves lowercase for variables and all uppercase for user macros, as
per existing convention.

. All Xlib functions begin with a capital X.
. The beginnings of all function names and symbols are capitalized.

. All user-visible data structures begin with a capital X. More generally, anything that a user
might dereference begins with a capital X.

. Macros and other symbols do not begin with a capital X. To distinguish them from all user
symbols, each word in the macro is capitalized.

. All elements of or variables in a data structure are in lowercase. Compound words, where
needed, are constructed with underscores (_).

. The display argument, where used, is always first in the argument list.

. All resource objects, where used, occur at the beginning of the argument list immediately
after the display argument.

. When a graphics context is present together with another type of resource (most com-
monly, a drawable), the graphics context occurs in the argument list after the other
resource. Drawables outrank all other resources.

. Source arguments always precede the destination arguments in the argument list.
. The x argument always precedes the y argument in the argument list.
. The width argument always precedes the height argument in the argument list.

. Where the x, y, width, and height arguments are used together, the x and y arguments
always precede the width and height arguments.

. Where a mask is accompanied with a structure, the mask always precedes the pointer to the
structure in the argument list.

1.6. Programming Considerations
The major programming considerations are:

. Coordinates and sizes in X are actually 16-bit quantities. This decision was made to mini-
mize the bandwidth required for a given level of performance. Coordinates usually are
declared as amt in the interface. Values larger than 16 bits are truncated silently. Sizes
(width and height) are declared as unsigned quantities.

. Keyboards are the greatest variable between different manufacturers’ workstations. If you
want your program to be portable, you should be particularly conservative here.

. Many display systems have limited amounts of off-screen memory. If you can, you should
minimize use of pixmaps and backing store.

. The user should have control of his screen real estate. Therefore, you should write your
applications to react to window management rather than presume control of the entire
screen. What you do inside of your top-level window, however, is up to your application.
For further information, see chapter 14 andlthier-Client Communication Conventions
Manual

1.7. Character Sets and Encodings

Some of the Xlib functions make reference to specific character sets and character encodings.
The following are the most common:
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X Portable Character Set

A basic set of 97 characters, which are assumed to exist in all locales supported by Xlib.
This set contains the following characters:

a..z A..Z 0.9 I"'#$%&'()*+,-./;;<=>?@[\] _{|} <space>, <tab>, and <newline>

This set is the left/lower half of the graphic character set of ISO8859-1 plus space, tab, and
newline. Itis also the set of graphic characters in 7-bit ASCII plus the same three control
characters. The actual encoding of these characters on the host is system dependent.

Host Portable Character Encoding

The encoding of the X Portable Character Set on the host. The encoding itself is not
defined by this standard, but the encoding must be the same in all locales supported by Xlib
on the host. If a string is said to be in the Host Portable Character Encoding, then it only
contains characters from the X Portable Character Set, in the host encoding.

Latin-1
The coded character set defined by the ISO8859-1 standard.
Latin Portable Character Encoding

The encoding of the X Portable Character Set using the Latin-1 codepoints plus ASCII con-
trol characters. If a string is said to be in the Latin Portable Character Encoding, then it
only contains characters from the X Portable Character Set, not all of Latin-1.

STRING Encoding
Latin-1, plus tab and newline.
POSIX Portable Filename Character Set

The set of 65 characters, which can be used in naming files on a POSIX-compliant host,
that are correctly processed in all locales. The set is:

a.zA..Z0.9. -

1.8. Formatting Conventions
Xlib — C Language X Interfaceses the following conventions:

Global symbols are printed ihis special font These can be either function names, sym-
bols defined in include files, or structure names. When declared and defined, function argu-
ments are printed imalics. In the explanatory text that follows, they usually are printed in
regular type.

Each function is introduced by a general discussion that distinguishes it from other func-
tions. The function declaration itself follows, and each argument is specifically explained.
Although ANSI C function prototype syntax is not used, Xlib header files normally declare
functions using function prototypes in ANSI C environments. General discussion of the
function, if any is required, follows the arguments. Where applicable, the last paragraph of
the explanation lists the possible Xlib error codes that the function can generate. For a
complete discussion of the Xlib error codes, see section 11.8.2.

To eliminate any ambiguity between those arguments that you pass and those that a func-
tion returns to you, the explanations for all arguments that you pass start with the word
specifiedr, in the case of multiple arguments, the wepdcify The explanations for all
arguments that are returned to you start with the waitatinsor, in the case of multiple
arguments, the woneturn. The explanations for all arguments that you can pass and are
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returned start with the wordpecifies and returns

. Any pointer to a structure that is used to return a value is designated as suchrbtutie
suffix as part of its name. All other pointers passed to these functions are used for reading
only. A few arguments use pointers to structures that are used for both input and output
and are indicated by using thia_outsuffix.
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Chapter 2

Display Functions

Before your program can use a display, you must establish a connection to the X server. Once
you have established a connection, you then can use the Xlib macros and functions discussed in
this chapter to return information about the display. This chapter discusses how to:

. Open (connect to) the display

. Obtain information about the display, image format, and screen
. Free client-created data

. Close (disconnect from) a display

The chapter concludes with a general discussion of what occurs when the connection to the X
server is closed.

2.1. Opening the Display
To open a connection to the X server that controls a displax@penDisplay.

Display *XOpenDisplaydisplay_namg
char *display_name

display_name Specifies the hardware display nhame, which determines the display and commu-
nications domain to be used. On a POSIX-conformant system, if the dis-
play_name is NULL, it defaults to the value of the DISPLAY environment vari-
able.

The encoding and interpretation of the display name is implementation dependent. Strings in the
Host Portable Character Encoding are supported; support for other characters is implementation
dependent. On POSIX-conformant systems, the display name or DISPLAY environment variable
can be a string in the format:
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hostnamenumberscreen_number

hostname Specifies the name of the host machine on which the display is physically
attached. You follow the hostname with either a single colon (:) or a double
colon (:3).

number Specifies the number of the display server on that host machine. You may
optionally follow this display number with a period (.). A single CPU can have
more than one display. Multiple displays are usually numbered starting with
zero.

screen_number
Specifies the screen to be used on that server. Multiple screens can be controlled
by a single X server. The screen_number sets an internal variable that can be
accessed by using thlgefaultScreenmacro or theXDefaultScreenfunction if
you are using languages other than C (see section 2.2.1).

For example, the following would specify screen 1 of display 0 on the machine named “dual-
headed”:

dual-headed:0.1

The XOpenDisplay function returns @isplay structure that serves as the connection to the X

server and that contains all the information about that X seK@penDisplay connects your
application to the X server through TCP or DECnet communications protocols, or through some
local inter-process communication protocol. If the hosthname is a host machine name and a single
colon (:) separates the hostname and display nuX@grenDisplay connects using TCP

streams. If the hostname is not specified, Xlib uses whatever it believes is the fastest transport. If
the hostname is a host machine name and a double colon (::) separates the hostname and display
number,XOpenDisplay connects using DECnet. A single X server can support any or all of

these transport mechanisms simultaneously. A particular Xlib implementation can support many
more of these transport mechanisms.

If successful XOpenDisplay returns a pointer to Bisplay structure, which is defined in
<X11/Xlib.h>. If XOpenDisplay does not succeed, it returns NULL. After a successful call to
XOpenDisplay, all of the screens in the display can be used by the client. The screen number
specified in the display_name argument is returned bp#fiaultScreenmacro (or theXDe-
faultScreen function). You can access elements of Elisplay and Screenstructures only by

using the information macros or functions. For information about using macros and functions to
obtain information from th®isplay structure, see section 2.2.1.

X servers may implement various types of access control mechanisms (see section 9.8).

2.2. Obtaining Information about the Display, Image Formats, or Screens

The Xlib library provides a number of useful macros and corresponding functions that return data
from theDisplay structure. The macros are used for C programming, and their corresponding
function equivalents are for other language bindings. This section discusses the:

. Display macros
. Image format macros
. Screen macros
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All other members of th®isplay structure (that is, those for which no macros are defined) are
private to Xlib and must not be used. Applications must never directly modify or inspect these
private members of thBisplay structure.

Note

The XDisplayWidth , XDisplayHeight, XDisplayCells, XDisplayPlanes
XDisplayWidthMM , and XDisplayHeightMM functions in the next sections are
misnamed. These functions really should be named Sehe¢everand XScreen-
whatevery not Displayhateveror XDisplaywhatever Our apologies for the result-
ing confusion.

2.2.1. Display Macros

Applications should not directly modify any part of thesplay and Screenstructures. The
members should be considered read-only, although they may change as the result of other opera-
tions on the display.

The following lists the C language macros, their corresponding function equivalents that are for
other language bindings, and what data they both can return.

AllPlanes

unsigned long XAllIPlanes()

Both return a value with all bits set to 1 suitable for use in a plane argument to a procedure.

Both BlackPixel and WhitePixel can be used in implementing a monochrome application.

These pixel values are for permanently allocated entries in the default colormap. The actual RGB
(red, green, and blue) values are settable on some screens and, in any case, may not actually be
black or white. The names are intended tovegithe expected relative intensity of the colors.

BlackPixel display, screen_numbgr

unsigned long XBlackPixetiisplay, screen_numbér
Display *display;
int screen_number

display Specifies the connection to the X server.
screen_number
Specifies the appropriate screen number on the host server.

Both return the black pixel value for the specified screen.

10
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WhitePixel display, screen_number

unsigned long XWhitePixetlisplay, screen_numbér
Display *display,
int screen_number

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

Both return the white pixel value for the specified screen.

ConnectionNumbedisplay)

int XConnectionNumbedisplay)
Display *display,

display Specifies the connection to the X server.

Both return a connection number for the specified display. On a POSIX-conformant system, this
is the file descriptor of the connection.

DefaultColormapdisplay, screen_numbér

Colormap XDefaultColormaglisplay, screen_numbgr
Display *display,
int screen_number

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

Both return the default colormap ID for allocation on the specified screen. Most routine alloca-
tions of color should be made out of this colormap.

11
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DefaultDepth display, screen_numbér

int XDefaultDepth flisplay, screen_numbér
Display *display,
int screen_number

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

Both return the depth (number of planes) of the default root window for the specified screen.
Other depths may also be supported on this screeiX{datchVisualinfo ).

To determine the number of depths that are available on a given screghjsiBepths.

int *XListDepthsdisplay, screen_numbecount_returr)
Display *display,
int screen_number
int *count_return

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

count_return Returns the number of depths.

The XListDepths function returns the array of depths that are available on the specified screen.
If the specified screen_number is valid and sufficient memory for the array can be allocated,
XListDepths sets count_return to the number of available depths. Otherwise, it does not set
count_return and returns NULL. To release the memory allocated for the array of depths, use
XFree.

DefaultGC display, screen_numbg@r

GC XDefaultGC flisplay, screen_numbe@r
Display *display,
int screen_number

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

Both return the default graphics context for the root window of the specified screen. This GC is
created for the convenience of simple applications and contains the default GC components with
the foreground and background pixel values initialized to the black and white pixels for the
screen, respectively. You can modify its contents freely because it is not used in any Xlib func-
tion. This GC should never be freed.

12
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DefaultRootWindowdlisplay)

Window XDefaultRootWindowdisplay)
Display *display,

display Specifies the connection to the X server.

Both return the root window for the default screen.

DefaultScreenOfDisplaydjsplay)

Screen *XDefaultScreenOfDisplagi§play)
Display *display;

display Specifies the connection to the X server.

Both return a pointer to the default screen.

ScreenOfDisplaydisplay, screen_numbegr

Screen *XScreenOfDisplag(splay, screen_numbér
Display *display,
int screen_number

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

Both return a pointer to the indicated screen.

DefaultScreendisplay)

int XDefaultScreendisplay)
Display *display,

display Specifies the connection to the X server.

Both return the default screen number referenced bX@enDisplay function. This macro or
function should be used to retrieve the screen number in applications that will use only a single
screen.

13
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DefaultVisual display, screen_numbér

Visual *XDefaultVisual @isplay, screen_numbegr
Display *display,
int screen_number
display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

Both return the default visual type for the specified screen. For further information about visual
types, see section 3.1.

DisplayCells ¢lisplay, screen_numbé@r

int XDisplayCellsdisplay, screen_numbegr
Display *display;,
int screen_number
display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

Both return the number of entries in the default colormap.

DisplayPlanesdisplay, screen_numbér

int XDisplayPlanesdisplay, screen_number
Display *display,
int screen_number
display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

Both return the depth of the root window of the specified screen. For an explanation of depth, see
the glossary.

14
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DisplayString @isplay)

char *XDisplayString{isplay)
Display *display,

display Specifies the connection to the X server.

Both return the string that was passeX@penDisplay when the current display was opened.

On POSIX-conformant systems, if the passed string was NULL, these return the value of the DIS-
PLAY environment variable when the current display was opened. These are useful to applica-
tions that invoke théork system call and want to open a new connection to the same display

from the child process as well as for printing error messages.

long XExtendedMaxRequestSizigplay)
Display *display;

display Specifies the connection to the X server.

The XExtendedMaxRequestSiz€unction returns zero if the specified display does not support

an extended-length protocol encoding; otherwise, it returns the maximum request size (in 4-byte
units) supported by the server using the extended-length encoding. The Xlib functions
XDrawLines, XDrawArcs , XFillPolygon, XChangeProperty, XSetClipRectangles and
XSetRegionwill use the extended-length encoding as necessary, if supported by the server. Use
of the extended-length encoding in other Xlib functions (for exan{ileawPoints,
XDrawRectangles XDrawSegments XFillArcs , XFillRectangles, XPutimage) is permitted

but not required; an Xlib implementation may choose to split the data across multiple smaller
requests instead.

long XMaxRequestSizéfsplay)
Display *display;

display Specifies the connection to the X server.

The XMaxRequestSizefunction returns the maximum request size (in 4-byte units) supported by
the server without using an extended-length protocol encoding. Single protocol requests to the
server can be no larger than this size unless an extended-length protocol encoding is supported by
the server. The protocol guarantees the size to be no smaller than 4096 units (16384 bytes). Xlib
automatically breaks data up into multiple protocol requests as necessary for the following func-
tions: XDrawPoints, XDrawRectangles XDrawSegments XFillArcs , XFillRectangles, and
XPutlmage.

15
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LastKnownRequestProcesséisplay)

unsigned long XLastKnownRequestProcesséplay)
Display *display;,

display Specifies the connection to the X server.

Both extract the full serial number of the last request known by Xlib to have been processed by
the X server. Xlib automatically sets this number when replies, events, and errors are received.

NextRequestdisplay)

unsigned long XNextRequestisplay)
Display *display,

display Specifies the connection to the X server.

Both extract the full serial number that is to be used for the next request. Serial numbers are
maintained separately for each display connection.

ProtocolVersiondisplay)

int XProtocolVersiondisplay)
Display *display;,

display Specifies the connection to the X server.
Both return the major version number (11) of the X protocol associated with the connected dis-

play.

ProtocolRevisiondisplay)

int XProtocolRevisiondisplay)
Display *display;,

display Specifies the connection to the X server.

Both return the minor protocol revision number of the X server.

16
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QLength display)

int XQLengthdisplay)
Display *display,

display Specifies the connection to the X server.

Both return the length of the event queue for the connected display. Note that there may be more
events that have not been read into the queue yeXEsemntsQueued.

RootWindow @isplay, screen_numbé@r

Window XRootWindow @isplay, screen_numbér
Display *display;,
int screen_number

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen nhumber on the host server.

Both return the root window. These are useful with functions that need a drawable of a particular
screen and for creating top-level windows.

ScreenCountisplay)

int XScreenCountdisplay)
Display *display;

display Specifies the connection to the X server.

Both return the number of available screens.

ServerVendordisplay)

char *XServerVendordisplay)
Display *display,

display Specifies the connection to the X server.
Both return a pointer to a null-terminated string that provides some identification of the owner of
the X server implementation. If the data returned by the server is in the Latin Portable Character

Encoding, then the string is in the Host Portable Character Encoding. Otherwise, the contents of
the string are implementation dependent.

17
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VendorReleasedjsplay)

int XVendorReleasedisplay)
Display *display,

display Specifies the connection to the X server.

Both return a number related to a vendor’s release of the X server.

2.2.2. Image Format Functions and Macros

Applications are required to present data to the X server in a format that the server demands. To
help simplify applications, most of the work required to convert the data is provided by Xlib (see
sections 8.7 and 16.8).

The XPixmapFormatValues structure provides an interface to the pixmap format information
that is returned at the time of a connection setup. It contains:

typedef struct {
int depth;
int bits_per_pixel;
int scanline_pad;
} XPixmapFormatValues;

To obtain the pixmap format information for a given display, XiksstPixmapFormats.

XPixmapFormatValues *XListPixmapFormatigplay, count_return
Display *display;
int *count_return

display Specifies the connection to the X server.
count_return Returns the number of pixmap formats that are supported by the display.

The XListPixmapFormats function returns an array &fPixmapFormatValues structures that
describe the types of Z format images supported by the specified display. If insufficient memory
is available XListPixmapFormats returns NULL. To free the allocated storage for the
XPixmapFormatValues structures, us&Free.

The following lists the C language macros, their corresponding function equivalents that are for
other language bindings, and what data they both return for the specified server and screen.
These are often used by toolkits as well as by simple applications.

18
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ImageByteOrderdisplay)

int XImageByteOrderdisplay)
Display *display,

display Specifies the connection to the X server.

Both specify the required byte order for images for each scanline unit in XY format (bitmap) or
for each pixel value in Z format. The macro or function can return ditBBFirst or
MSBFirst .

BitmapUnit(display)

int XBitmapUnit(display)
Display *display;

display Specifies the connection to the X server.

Both return the size of a bitmap’s scanline unit in bits. The scanline is calculated in multiples of
this value.

BitmapBitOrder glisplay)

int XBitmapBitOrder display)
Display *display,

display Specifies the connection to the X server.

Within each bitmap unit, the left-most bit in the bitmap as displayed on the screen is either the
least-significant or most-significant bit in the unit. This macro or function can re8Bfirst
or MSBFirst.

BitmapPaddisplay)

int XBitmapPadlisplay)
Display *display;,

display Specifies the connection to the X server.

Each scanline must be padded to a multiple of bits returned by this macro or function.
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DisplayHeight ¢lisplay, screen_numbér

int XDisplayHeight@isplay, screen_numbegr
Display *display;,
int screen_number

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

Both return an integer that describes the height of the screen in pixels.

DisplayHeightMM display, screen_number

int XDisplayHeightMM (display, screen_numb@r
Display *display,
int screen_number

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

Both return the height of the specified screen in millimeters.

DisplayWidth display, screen_numbgr

int XDisplayWidth (display, screen_numbér
Display *display,
int screen_number

display Specifies the connection to the X server.
screen_number
Specifies the appropriate screen number on the host server.

Both return the width of the screen in pixels.

20
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DisplayWidthMM (display, screen_numbér
int XDisplayWidthMM (display, screen_numbé@r

Display *display;,
int screen_number

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

Both return the width of the specified screen in millimeters.

2.2.3. Screen Information Macros

The following lists the C language macros, their corresponding function equivalents that are for
other language bindings, and what data they both can return. These macros or functions all take a
pointer to the appropriate screen structure.

BlackPixelOfScreenrdcreen)

unsigned long XBlackPixelOfScreestfeer)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the black pixel value of the specified screen.

WhitePixelOfScreerdcreer)

unsigned long XWhitePixelOfScreestfeer)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the white pixel value of the specified screen.

CellsOfScreengcreen

int XCellsOfScreengcreern)
Screen screen

screen Specifies the appropriat&creenstructure.

Both return the number of colormap cells in the default colormap of the specified screen.
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DefaultColormapOfScrees¢reen

Colormap XDefaultColormapOfScreestfeer)
Screen screen

screen Specifies the appropriatecreenstructure.

Both return the default colormap of the specified screen.

DefaultDepthOfScreerstreen

int XDefaultDepthOfScreers€reen
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the depth of the root window.

DefaultGCOfScreerscreen

GC XDefaultGCOfScreerstreer)
Screen screen

screen Specifies the appropriatécreenstructure.

Both return a default graphics context (GC) of the specified screen, which has the same depth as
the root window of the screen. The GC must never be freed.

DefaultVisualOfScreerscreer)

Visual *XDefaultVisualOfScreerdcreer)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the default visual of the specified screen. For information on visual types, see section
3.1.
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DoesBackingStoresgreer)

int XDoesBackingStorescreer)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return a value indicating whether the screen supports backing stores. The value returned can
be one ofwhenMapped, NotUseful, or Always (see section 3.2.4).

DoesSaveUnderséreern)

Bool XDoesSaveUnders¢reen
Screen screen

screen Specifies the appropriatacreenstructure.

Both return a Boolean value indicating whether the screen supports save undeus., the
screen supports save undersFdise, the screen does not support save unders (see section 3.2.5).

DisplayOfScreendcreer)

Display *XDisplayOfScreendgcreen)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the display of the specified screen.

int XScreenNumberOfScreesdreern)
Screen screen

screen Specifies the appropriatcreenstructure.

The XScreenNumberOfScreenfunction returns the screen index number of the specified screen.

EventMaskOfScreerstreer)

long XEventMaskOfScrees¢reern)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the event mask of the root window for the specified screen at connection setup time.
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WidthOfScreengcreer)

int XWidthOfScreengcreen
Screen screen

screen Specifies the appropriatacreenstructure.

Both return the width of the specified screen in pixels.

HeightOfScreengcreer)

int XHeightOfScreengcreer)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the height of the specified screen in pixels.

WidthMMOfScreen 6creer)

int XWidthMMOfScreen 6creern)
Screen screen

screen Specifies the appropriatécreenstructure.

Both return the width of the specified screen in millimeters.

HeightMMOfScreengcreen)

int XHeightMMOfScreensgcreer)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the height of the specified screen in millimeters.

MaxCmapsOfScreems€reer)

int XMaxCmapsOfScreerstreen
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the maximum number of installed colormaps supported by the specified screen (see
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section 9.3).

MinCmapsOfScreersgreer)

int XMinCmapsOfScreerscreer)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the minimum number of installed colormaps supported by the specified screen (see
section 9.3).

PlanesOfScreers¢reer)

int XPlanesOfScreers¢reer)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the depth of the root window.

RootWindowOfScreerscreer)

Window XRootWindowOfScreersgreer)
Screen screen

screen Specifies the appropriatcreenstructure.
Both return the root window of the specified screen.

2.3. Generating a NoOperation Protocol Request
To execute &NoOperation protocol request, us€NoOp.

XNoOp (display)
Display *display,

display Specifies the connection to the X server.

The XNoOp function sends &loOperation protocol request to the X server, thereby exercising
the connection.

2.4. Freeing Client-Created Data
To free in-memory data that was created by an Xlib functionX&see.
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XFree [data)
void *data;

data Specifies the data that is to be freed.

The XFree function is a general-purpose Xlib routine that frees the specified data. You must use
it to free any objects that were allocated by Xlib, unless an alternate function is explicitly speci-
fied for the object. A NULL pointer cannot be passed to this function.

2.5. Closing the Display
To close a display or disconnect from the X server XSkoseDisplay.

XCloseDisplaydisplay)
Display *display,

display Specifies the connection to the X server.

The XCloseDisplay function closes the connection to the X server for the display specified in the
Display structure and destroys all windows, resource MWmflow, Font, Pixmap, Colormap,
Cursor, andGContext), or other resources that the client has created on this display, unless the
close-down mode of the resource has been changeX$#€loseDownModg. Therefore,

these windows, resource IDs, and other resources should never be referenced again or an error
will be generated. Before exiting, you should ¢éltloseDisplay explicitly so that any pending
errors are reported a€CloseDisplay performs a finaXSync operation.

XCloseDisplay can generate BadGC error.

Xlib provides a function to permit the resources owned by a client to survive after the client’'s
connection is closed. To change a client’s close-down modesSs&CloseDownMode

XSetCloseDownModealisplay, close_modg
Display *display,
int close_modg
display Specifies the connection to the X server.

close_mode Specifies the client close-down mode. You can fssstroyAll,
RetainPermanent, or RetainTemporary.

The XSetCloseDownModedefines what will happen to the client’s resources at connection
close. A connection starts DestroyAll mode. For information on what happens to the client’'s
resources when the close_mode argumeReitainPermanentor RetainTemporary, see sec-
tion 2.6.

XSetCloseDownModecan generate BadValue error.

2.6. X Server Connection Close Operations

When the X server's connection to a client is closed either by an explicit eélilaseDisplay
or by a process that exits, the X server performs the following automatic operations:
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. It disowns all selections owned by the client (¥&etSelectionOwnej.
. It performs anXUngrabPointer and XUngrabKeyboard if the client has actively
grabbed the pointer or the keyboard.
. It performs anXUngrabServer if the client has grabbed the server.
. It releases all passive grabs made by the client.
. It marks all resources (including colormap entries) allocated by the client either as perma-

nent or temporary, depending on whether the close-down maétitaiPermanentor
RetainTemporary. However, this does not prevent other client applications from explic-
itly destroying the resources (sESetCloseDownMods.

When the close-down mode@estroyAll, the X server destroys all of a client’s resources as fol-
lows:

. It examines each window in the client’s save-set to determine if it is an inferior (subwin-
dow) of a window created by the client. (The save-set is a list of other clients’ windows,
which are referred to as save-set windows.) If so, the X server reparents the save-set win-
dow to the closest ancestor so that the save-set window is not an inferior of a window cre-
ated by the client. The reparenting leaves unchanged the absolute coordinates (with respect
to the root window) of the upper-left outer corner of the save-set window.

. It performs aMapWindow request on the save-set window if the save-set window is
unmapped. The X server does this even if the save-set window was not an inferior of a
window created by the client.

. It destroys all windows created by the client.

. It performs the appropriate free request on each nonwindow resource created by the client
in the server (for exampl&ont, Pixmap, Cursor, Colormap, and GContext).

. It frees all colors and colormap entries allocated by a client application.

Additional processing occurs when the last connection to the X server closes. An X server goes
through a cycle of having no connections and having some connections. When the last connec-
tion to the X server closes as a result of a connection closing with the close_niei#rof/All

the X server does the following:

. It resets its state as if it had just been started. The X server begins by destroying all linger-
ing resources from clients that have terminateRétainPermanentor RetainTempo-
rary mode.

. It deletes all but the predefined atom identifiers.

. It deletes all properties on all root windows (see section 4.3).

. It resets all device maps and attributes (for example, key click, bell volume, and accelera-
tion) as well as the access control list.

. It restores the standard root tiles and cursors.

. It restores the default font path.

. It restores the input focus to st&einterRoot.

However, the X server does not reset if you close a connection with a close-down mode set to
RetainPermanentor RetainTemporary.

2.7. Using Xlib With Threads

On systems that have threads, support may be provided to permit multiple threads to use Xlib
concurrently.
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To initialize support for concurrent threads, t@aitThreads .

Status XlInitThreads();

The XlInitThreads function initializes Xlib support for concurrent threads. This function must

be the first Xlib function a multi-threaded program calls, and it must complete before any other
Xlib call is made. This function returns a nonzero status if initialization was successful; other-
wise, it returns zero. On systems that do not support threads, this function always returns zero.

It is only necessary to call this function if multiple threads might use Xlib concurrently. If all
calls to Xlib functions are protected by some other access mechanism (for example, a mutual
exclusion lock in a toolkit or through explicit client programming), Xlib thread initialization is
not required. It is recommended that single-threaded programs not call this function.

To lock a display across several Xlib calls, XdackDisplay .

void XLockDisplay display)
Display *display;,

display Specifies the connection to the X server.

The XLockDisplay function locks out all other threads from using the specified display. Other
threads attempting to use the display will block until the display is unlocked by this thread.
Nested calls tXLockDisplay work correctly; the display will not actually be unlocked until
XUnlockDisplay has been called the same number of timeslaxkDisplay . This function

has no effect unless Xlib was successfully initialized for threads ddnitlhreads .

To unlock a display, us¥UnlockDisplay.

void XUnlockDisplay display)
Display *display;,

display Specifies the connection to the X server.

The XUnlockDisplay function allows other threads to use the specified display again. Any
threads that have blocked on the display are allowed to continue. Nested locking works correctly;
if XLockDisplay has been called multiple times by a thread, tkeilmlockDisplay must be

called an equal number of times before the display is actually unlocked. This function has no
effect unless Xlib was successfully initialized for threads uXimitThreads .

2.8. Internal Connections

In addition to the connection to the X server, an Xlib implementation may require connections to
other kinds of servers (for example, to input method servers as described in chapter 13). Toolkits
and clients that use multiple displays, or that use displays in combination with other inputs, need
to obtain these additional connections to correctly block until input is available and need to pro-
cess that input when it is available. Simple clients that use a single display and block for input in
an Xlib event function do not need to use these facilities.
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To track internal connections for a display, Xs&ddConnectionWatch.

typedef void (*XConnectionWatchProdiéplay, client_data fd, opening watch_data
Display *display,
XPointerclient_datg
int fd;
Bool opening
XPointer *watch_data

Status XAddConnectionWatctigplay, procedure client_datg
Display *display,
XWatchProgrocedure
XPointerclient_datg

display Specifies the connection to the X server.
procedure Specifies the procedure to be called.
client_data  Specifies the additional client data.

The XAddConnectionWatch function registers a procedure to be called each time Xlib opens or
closes an internal connection for the specified display. The procedure is passed the display, the
specified client_data, the file descriptor for the connection, a Boolean indicating whether the con-
nection is being opened or closed, and a pointer to a location for private watch data. If opening is
True, the procedure can store a pointer to private data in the location pointed to by watch_data;
when the procedure is later called for this same connection and opeRalgdsthe location

pointed to by watch_data will hold this same private data pointer.

This function can be called at any time after a display is opened. If internal connections already
exist, the registered procedure will immediately be called for each of them, ¥&dd€onnec-
tionWatch returns. XAddConnectionWatch returns a nonzero status if the procedure is suc-
cessfully registered; otherwise, it returns zero.

The registered procedure should not call any Xlib functions. If the procedure directly or indi-
rectly causes the state of internal connections or watch procedures to change, the result is not
defined. If Xlib has been initialized for threads, the procedure is called with the display locked
and the result of a call by the procedure to any Xlib function that locks the display is not defined
unless the executing thread has externally locked the display XisowkDisplay .

To stop tracking internal connections for a display, X\BemoveConnectionWatch

Status XRemoveConnectionWatdigplay, procedure client_datg
Display *display,
XWatchProgrocedure
XPointerclient_datg
display Specifies the connection to the X server.
procedure Specifies the procedure to be called.
client_data  Specifies the additional client data.

The XRemoveConnectionWatchfunction removes a previously registered connection watch
procedure. The client_data must match the client_data used when the procedure was initially
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registered.

To process input on an internal connection, XIBeocessinternalConnection

void XProcesslInternalConnectiatigplay, fd)

Display *display;

int fd;
display Specifies the connection to the X server.
fd Specifies the file descriptor.

The XProcessinternalConnectionfunction processes input available on an internal connection.
This function should be called for an internal connection only after an operating system facility
(for example selector poll) has indicated that input is available; otherwise, the effect is not
defined.

To obtain all of the current internal connections for a display, use
XInternalConnectionNumbers.

Status XInternalConnectionNumbedsgplay, fd_return, count_return
Display *display;
int **fd_return;
int *count_return

display Specifies the connection to the X server.

fd_return Returns the file descriptors.
count_return Returns the number of file descriptors.

The XInternalConnectionNumbers function returns a list of the file descriptors for all internal
connections currently open for the specified display. When the allocated list is no longer needed,
free it by usingXFree. This functions returns a nonzero status if the list is successfully allo-
cated; otherwise, it returns zero.
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Chapter 3

Window Functions

In the X Window System, a window is a rectangular area on the screen that lets you view graphic
output. Client applications can display overlapping and nested windows on one or more screens
that are driven by X servers on one or more machines. Clients who want to create windows must
first connect their program to the X server by call€@@penDisplay. This chapter begins with a
discussion of visual types and window attributes. The chapter continues with a discussion of the
Xlib functions you can use to:

. Create windows

. Destroy windows

. Map windows

. Unmap windows

. Configure windows

. Change the stacking order

. Change window attributes

This chapter also identifies the window actions that may generate events.

Note that it is vital that your application conform to the established conventions for communicat-
ing with window managers for it to work well with the various window managers in use (see sec-
tion 14.1). Toolkits generally adhere to these conventions for you, relieving you of the burden.
Toolkits also often supersede many functions in this chapter with versions of their own. Refer to
the documentation for the toolkit you are using for more information.

3.1. Visual Types

On some display hardware, it may be possible to deal with color resources in more than one way.
For example, you may be able to deal with a screen of either 12-bit depth with arbitrary mapping
of pixel to color (pseudo-color) or 24-bit depth with 8 bits of the pixel dedicated to each of red,
green, and blue. These different ways of dealing with the visual aspects of the screen are called
visuals. For each screen of the display, there may be a list of valid visual types supported at dif-
ferent depths of the screen. Because default windows and visual types are defined for each
screen, most simple applications need not deal with this complexity. Xlib provides macros and
functions that return the default root window, the default depth of the default root window, and

the default visual type (see sections 2.2.1 and 16.7).

Xlib uses an opaqu¥isual structure that contains information about the possible color mapping.
The visual utility functions (see section 16.7) useXafisuallnfo structure to return this infor-

mation to an application. The members of this structure pertinent to this discussion are class,
red_mask, green_mask, blue_mask, bits_per_rgb, and colormap_size. The class member speci-
fies one of the possible visual classes of the screen and &tatlo&ray, StaticColor,

TrueColor, GrayScale, PseudoColor, or DirectColor .

The following concepts may serve to make the explanation of visual types clearer. The screen
can be color or grayscale, can have a colormap that is writable or read-only, and can also have a
colormap whose indices are decomposed into separate RGB pieces, provided one is not on a
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grayscale screen. This leads to the following diagram:

Color Gray-scale
R/O R/W R/O R/W

Undecomposed  Static Pseudo Static Gray
Colormap Color| Color Gray| Scale
Decomposed True Direct
Colormap Color| Color

Conceptually, as each pixel is read out of video memory for display on the screen, it goes through
a look-up stage by indexing into a colormap. Colormaps can be manipulated arbitrarily on some
hardware, in limited ways on other hardware, and not at all on other hardware. The visual types
affect the colormap and the RGB values in the following ways:

. For PseudoColor, a pixel value indexes a colormap to produce independent RGB values,
and the RGB values can be changed dynamically.

. GrayScaleis treated the same way BseudoColorexcept that the primary that drives the
screen is undefined. Thus, the client should always store the same value for red, green, and
blue in the colormaps.

. For DirectColor, a pixel value is decomposed into separate RGB subfields, and each sub-
field separately indexes the colormap for the corresponding value. The RGB values can be
changed dynamically.

. TrueColor is treated the same way BgrectColor except that the colormap has prede-
fined, read-only RGB values. These RGB values are server-dependent but provide linear or
near-linear ramps in each primary.

. StaticColor is treated the same way BseudoColorexcept that the colormap has prede-
fined, read-only, server-dependent RGB values.

. StaticGray is treated the same way ataticColor except that the RGB values are equal
for any single pixel value, thus resulting in shades of g&tgticGray with a two-entry
colormap can be thought of as monochrome.

The red_mask, green_mask, and blue_mask members are only defib@edtColor and

TrueColor. Each has one contiguous set of bits with no intersections. The bits_per_rgb member
specifies the log base 2 of the number of distinct color values (individually) of red, green, and
blue. Actual RGB values are unsigned 16-bit numbers. The colormap_size member defines the
number of available colormap entries in a newly created colormapDiFastColor and

TrueColor, this is the size of an individual pixel subfield.

To obtain the visual ID from ¥isual, useXVisualIDFromVisual .

VisuallD XVisuallDFromVisual yisual)
Visual *visual;

visual Specifies the visual type.

The XVisuallDFromVisual function returns the visual ID for the specified visual type.
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3.2. Window Attributes

All InputOutput windows have a border width of zero or more pixels, an optional background,
an event suppression mask (which suppresses propagation of events from children), and a prop-
erty list (see section 4.3). The window border and background can be a solid color or a pattern,
called a tile. All windows except the root have a parent and are clipped by their parent. If a win-
dow is stacked on top of another window, it obscures that other window for the purpose of input.
If a window has a background (almost all do), it obscures the other window for purposes of out-
put. Attempts to output to the obscured area do nothing, and no input events (for example,
pointer motion) are generated for the obscured area.

Windows also have associated property lists (see section 4.3).

Both InputOutput andInputOnly windows have the following common attributes, which are
the only attributes of amputOnly window:

. win-gravity

. event-mask

. do-not-propagate-mask

. override-redirect

. cursor

If you specify any other attributes for &mputOnly window, aBadMatch error results.

InputOnly windows are used for controlling input events in situations wheretOutput win-

dows are unnecessarinputOnly windows are invisible; can only be used to control such things
as cursors, input event generation, and grabbing; and cannot be used in any graphics requests.
Note thatinputOnly windows cannot haveputOutput windows as inferiors.

Windows have borders of a programmable width and pattern as well as a background pattern or
tile. Pixel values can be used for solid colors. The background and border pixmaps can be
destroyed immediately after creating the window if no further explicit references to them are to be
made. The pattern can either be relative to the parent or absoliarelitRelative, the par-

ent’s background is used.

When windows are first created, they are not visible (not mapped) on the screen. Any output to a
window that is not visible on the screen and that does not have backing store will be discarded.
An application may wish to create a window long before it is mapped to the screen. When a win-
dow is eventually mapped to the screen (usiihippWindow ), the X server generates an
Exposeevent for the window if backing store has not been maintained.

A window manager can override your choice of size, border width, and position for a top-level
window. Your program must be prepared to use the actual size and position of the top window. It
is not acceptable for a client application to resize itself unless in direct response to a human com-
mand to do so. Instead, either your program should use the space given to it, or if the space is too
small for any useful work, your program might ask the user to resize the window. The border of
your top-level window is considered fair game for window managers.

To set an attribute of a window, set the appropriate member afS8VindowAttributes struc-
ture and OR in the corresponding value bitmask in your subsequent c&lsaateWindow

and XChangeWindowAttributes, or use one of the other convenience functions that set the
appropriate attribute. The symbols for the value mask bits andSb&NindowAttributes
structure are:
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/* Window attribute value mask bits */

#define  CWBackPixmap
#define  CWBackPixel
#define  CWBorderPixmap
#define  CWBorderPixel
#define  CWBItGravity
#define  CWWinGravity
#define  CWBackingStore
#define  CWBackingPlanes
#define  CWBackingPixel
#define  CWOverrideRedirect
#define  CWSaveUnder
#define  CWEventMask
#define  CWDontPropagate
#define  CWColormap
#define  CWCursor

/* Values */

typedef struct {

Pixmap background_pixmap;
unsigned long background_pixel;
Pixmap border_pixmap;
unsigned long border_pixel;

int bit_gravity;

int win_gravity;

int backing_store;

unsigned long backing_planes;
unsigned long backing_pixel;
Bool save_under;

long event_mask;

long do_not_propagate_mask;
Bool override_redirect;
Colormap colormap;

Cursor cursor;

} XSetWindowAttributes;

(1L<<0)
(1L<<1)
(1L<<2)
(1L<<3)
(1L<<4)
(1L<<b)
(1L<<6)
(AL<<7)
(1L<<8)
(1L<<9)
(1L<<10)
(1L<<11)
(1L<<12)
(1L<<13)
(1L<<14)

X11, Release 6

/* background, None, or ParentRelative */
/* background pixel */
/* border of the window or CopyFromParent */
/* border pixel value */
/* one of bit gravity values */
/* one of the window gravity values */
/* NotUseful, WhenMapped, Always */
/* planes to be preserved if possible */
/* value to use in restoring planes */
/* should bits under be saved? (popups) */
/* set of events that should be saved */
/* set of events that should not propagate */
/* boolean value for override_redirect */
/* color map to be associated with window */
/* cursor to be displayed (or None) */

The following lists the defaults for each window attribute and indicates whether the attribute is
applicable tonputOutput andInputOnly windows:

Attribute Default InputOutput InputOnly
background-pixmap None Yes No
background-pixel Undefined Yes No
border-pixmap CopyFromParent Yes No
border-pixel Undefined Yes No
bit-gravity ForgetGravity Yes No
win-gravity NorthWestGravity Yes Yes

34



Xlib — C Library X11, Release 6

Attribute Default InputOutput InputOnly
backing-store NotUseful Yes No
backing-planes All ones Yes No
backing-pixel zero Yes No
save-under False Yes No
event-mask empty set Yes Yes
do-not-propagate-mask  empty set Yes Yes
override-redirect False Yes Yes
colormap CopyFromParent Yes No
cursor None Yes Yes

3.2.1. Background Attribute

Only InputOutput windows can have a background. You can set the background of an
InputOutput window by using a pixel or a pixmap.

The background-pixmap attribute of a window specifies the pixmap to be used for a window’s
background. This pixmap can be of any size, although some sizes may be faster than others. The
background-pixel attribute of a window specifies a pixel value used to paint a window’s back-
ground in a single color.

You can set the background-pixmap to a pixmépne (default), orParentRelative. You can

set the background-pixel of a window to any pixel value (no default). If you specify a back-
ground-pixel, it overrides either the default background-pixmap or any value you may have set in
the background-pixmap. A pixmap of an undefined size that is filled with the background-pixel is
used for the background. Range checking is not performed on the background pixel; it simply is
truncated to the appropriate number of bits.

If you set the background-pixmap, it overrides the default. The background-pixmap and the win-
dow must have the same depth, d@adMatch error results. If you set background-pixmap to
None, the window has no defined background. If you set the background-pixmap to
ParentRelative:

. The parent window’s background-pixmap is used. The child window, however, must have
the same depth as its parent, @aMatch error results.

. If the parent window has a background-pixmamNoie, the window also has a back-
ground-pixmap oNone.

. A copy of the parent window’s background-pixmap is not made. The parent’s background-
pixmap is examined each time the child window’s background-pixmap is required.

. The background tile origin always aligns with the parent window’s background tile origin.
If the background-pixmap is nétarentRelative, the background tile origin is the child
window’s origin.
Setting a new background, whether by setting background-pixmap or background-pixel, overrides
any previous background. The background-pixmap can be freed immediately if no further
explicit reference is made to it (the X server will keep a copy to use when needed). If you later
draw into the pixmap used for the background, what happens is undefined because the X imple-
mentation is free to make a copy of the pixmap or to use the same pixmap.

When no valid contents are available for regions of a window and either the regions are visible or
the server is maintaining backing store, the server automatically tiles the regions with the win-
dow’s background unless the window has a backgrouidbok. If the background idNone, the
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previous screen contents from other windows of the same depth as the window are simply left in
place as long as the contents come from the parent of the window or an inferior of the parent.
Otherwise, the initial contents of the exposed regions are undefihguhseevents are then gen-
erated for the regions, even if the background-pixmayoise (see section 10.9).

3.2.2. Border Attribute

Only InputOutput windows can have a border. You can set the border bfanOutput win-
dow by using a pixel or a pixmap.

The border-pixmap attribute of a window specifies the pixmap to be used for a window’s border.
The border-pixel attribute of a window specifies a pixmap of undefined size filled with that pixel

be used for a window’s border. Range checking is not performed on the background pixel; it sim-
ply is truncated to the appropriate number of bits. The border tile origin is always the same as the
background tile origin.

You can also set the border-pixmap to a pixmap of any size (some may be faster than others) or to
CopyFromParent (default). You can set the border-pixel to any pixel value (no default).

If you set a border-pixmap, it overrides the default. The border-pixmap and the window must
have the same depth, oBadMatch error results. If you set the border-pixmap to
CopyFromParent, the parent window’s border-pixmap is copied. Subsequent changes to the
parent window’s border attribute do not affect the child window. However, the child window
must have the same depth as the parent windowBaddatch error results.

The border-pixmap can be freed immediately if no further explicit reference is made to it. If you
later draw into the pixmap used for the border, what happens is undefined because the X imple-
mentation is free either to make a copy of the pixmap or to use the same pixmap. If you specify a
border-pixel, it overrides either the default border-pixmap or any value you may have set in the
border-pixmap. All pixels in the window’s border will be set to the border-pixel. Setting a new
border, whether by setting border-pixel or by setting border-pixmap, overrides any previous bor-
der.

Output to a window is always clipped to the inside of the window. Therefore, graphics operations
never affect the window border.

3.2.3. Gravity Attributes

The bit gravity of a window defines which region of the window should be retained when an
InputOutput window is resized. The default value for the bit-gravity attribute is

ForgetGravity . The window gravity of a window allows you to define how thputOutput or
InputOnly window should be repositioned if its parent is resized. The default value for the win-
gravity attribute isNorthWestGravity .

If the inside width or height of a window is not changed and if the window is moved or its border
is changed, then the contents of the window are not lost e with the window. Changing the
inside width or height of the window causes its contents to be moved or lost (depending on the
bit-gravity of the window) and causes children to be reconfigured (depending on their win-
gravity). For a change of width and height, the (x, y) pairs are defined:

Gravity Direction Coordinates

NorthWestGravity (0, 0)
NorthGravity (Width/2, 0)
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NorthEastGravity (Width, 0)

WestGravity (0, Height/2)
CenterGravity (Width/2, Height/2)
EastGravity (Width, Height/2)
SouthWestGravity (0, Height)
SouthGravity (Width/2, Height)

SouthEastGravity  (Width, Height)

When a window with one of these bit-gravity values is resized, the corresponding pair defines the
change in position of each pixel in the window. When a window with one of these win-gravities
has its parent window resized, the corresponding pair defines the change in position of the win-
dow within the parent. When a window is so repositione@ravityNotify event is generated

(see section 10.10.5).

A bit-gravity of StaticGravity indicates that the contents or origin should noverelative to

the origin of the root window. If the change in size of the window is coupled with a change in
position (X, y), then for bit-gravity the change in position of each pixel is (-x, —y), and for win-
gravity the change in position of a child when its parent is so resized is (=x, —y). Nd&ahat
icGravity still only takes effect when the width or height of the window is changed, not when the
window is moved.

A bit-gravity of ForgetGravity indicates that the window’s contents are always discarded after a
size change, even if a backing store or save under has been requested. The window is tiled with
its background and zero or mdexposeevents are generated. If no background is defined, the
existing screen contents are not altered. Some X servers may also ignore the specified bit-gravity
and always generatexposeevents.

The contents and borders of inferiors are not affected by their parent’s bit-gravity. A server is
permitted to ignore the specified bit-gravity and Beeget instead.

A win-gravity of UnmapGravity is like NorthWestGravity (the window is not moved), except
the child is also unmapped when the parent is resized, addraapNotify event is generated.

3.2.4. Backing Store Attribute

Some implementations of the X server may choose to maintain the contémst@utput

windows. If the X server maintains the contents of a window, the off-screen saved pixels are
known as backing store. The backing store advises the X server on what to do with the contents
of a window. The backing-store attribute can be s&tdtiJseful (default), WhenMapped, or

Always.

A backing-store attribute dflotUseful advises the X server that maintaining contents is unneces-
sary, although some X implementations may still choose to maintain contents and, therefore, not
generateExposeevents. A backing-store attribute WhenMapped advises the X server that
maintaining contents of obscured regions when the window is mapped would be beneficial. In
this case, the server may generat&aposeevent when the window is created. A backing-store
attribute ofAlways advises the X server that maintaining contents even when the window is
unmapped would be beneficial. Even if the window is larger than its parent, this is a request to
the X server to maintain complete contents, not just the region within the parent window bound-
aries. While the X server maintains the window’s contelaxposeevents normally are not gen-
erated, but the X server may stop maintaining contents at any time.

When the contents of obscured regions of a window are being maintained, regions obscured by
noninferior windows are included in the destination of graphics requests (and source, when the
window is the source). However, regions obscured by inferior windows are not included.
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3.2.5. Save Under Flag

Some server implementations may preserve contertgpafOutput windows under other

InputOutput windows. This is not the same as preserving the contents of a window for you.

You may get better visual appeal if transient windows (for example, pop-up menus) request that
the system preserve the screen contents under them, so the temporarily obscured applications do
not have to repaint.

You can set the save-under flagTime or False (default). If save-under i$rue, the X server is
advised that, when this window is mapped, saving the contents of windows it obscures would be
beneficial.

3.2.6. Backing Planes and Backing Pixel Attributes

You can set backing planes to indicate (with bits set to 1) which bit planedr@®utput

window hold dynamic data that must be preserved in backing store and during save unders. The
default value for the backing-planes attribute is all bits set to 1. You can set backing pixel to
specify what bits to use in planes not covered by backing planes. The default value for the back-
ing-pixel attribute is all bits set to 0. The X server is free to save only the specified bit planes in
the backing store or the save under and is free to regenerate the remaining planes with the speci-
fied pixel value. Any extraneous bits in these values (that is, those bits beyond the specified depth
of the window) may be simply ignored. If you request backing store or save unders, you should
use these members to minimize the amount of off-screen memory required to store your window.

3.2.7. Event Mask and Do Not Propagate Mask Attributes

The event mask defines which events the client is interested in fénphiOutput or Inpu-

tOnly window (or, for some event types, inferiors of this window). The event mask is the bitwise
inclusive OR of zero or more of the valid event mask bits. You can specify that no maskable
events are reported by settiNgEventMask (default).

The do-not-propagate-mask attribute defines which events should not be propagated to ancestor
windows when no client has the event type selected inrtpigOutput or InputOnly window.

The do-not-propagate-mask is the bitwise inclusive OR of zero or more of the following masks:
KeyPress KeyRelease ButtonPress, ButtonRelease PointerMotion , Button1Motion ,
Button2Motion , Button3Motion , Button4Motion , Button5Motion , and ButtonMotion . You

can specify that all events are propagated by sdttotgventMask (default).

3.2.8. Override Redirect Flag

To control window placement or to add decoration, a window manager often needs to intercept
(redirect) any map or configure request. Pop-up windows, however, often need to be mapped
without a window manager getting in the way. To control whethdnpatOutput or Inpu-

tOnly window is to ignore these structure control facilities, use the override-redirect flag.

The override-redirect flag specifies whether map and configure requests on this window should
override aSubstructureRedirectMask on the parent. You can set the override-redirect flag to
True or False (default). Window managers use this information to avoid tampering with pop-up
windows (see also chapter 14).

3.2.9. Colormap Attribute

The colormap attribute specifies which colormap best reflects the true colordrgfut@utput
window. The colormap must have the same visual type as the windoaoiNdatch error

results. X servers capable of supporting multiple hardware colormaps can use this information,
and window managers can use it for callXtostallColormap . You can set the colormap
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attribute to a colormap or tGopyFromParent (default).

If you set the colormap tGopyFromParent, the parent window’s colormap is copied and used

by its child. However, the child window must have the same visual type as the pareBadr a

Match error results. The parent window must not have a colorm&pag, or aBadMatch

error results. The colormap is copied by sharing the colormap object between the child and par-
ent, not by making a complete copy of the colormap contents. Subsequent changes to the parent
window’s colormap attribute do not affect the child window.

3.2.10. Cursor Attribute

The cursor attribute specifies which cursor is to be used when the pointer isnput@utput
or InputOnly window. You can set the cursor to a cursoNone (default).

If you set the cursor tblone, the parent’s cursor is used when the pointer is inrthetOutput

or InputOnly window, and any change in the parent’s cursor will cause an immediate change in
the displayed cursor. By callingFreeCursor, the cursor can be freed immediately as long as

no further explicit reference to it is made.

3.3. Creating Windows

Xlib provides basic ways for creating windows, and toolkits often supply higher-level functions
specifically for creating and placing top-level windows, which are discussed in the appropriate
toolkit documentation. If you do not use a toolkit, however, you must provide some standard
information or hints for the window manager by using the Xlib inter-client communication func-
tions (see chapter 14).

If you use Xlib to create your own top-level windows (direct children of the root window), you
must observe the following rules so that all applications interact reasonably across the different
styles of window management:

. You must never fight with the window manager for the size or placement of your top-level
window.

. You must be able to deal with whatever size window you get, even if this means that your
application just prints a message like “Please make me bigger” in its window.

. You should only attempt to resize oowetop-level windows in direct response to a user
request. If arequest to change the size of a top-level window fails, you must be prepared to
live with what you get. You are free to resize asvathe children of top-level windows as
necessary. (Toolkits often have facilities for automatic relayout.)

. If you do not use a toolkit that automatically sets standard window properties, you should
set these properties for top-level windows before mapping them.

For further information, see chapter 14 andlttter-Client Communication Conventions Manual

XCreateWindow is the more general function that allows you to set specific window attributes
when you create a window{CreateSimpleWindow creates a window that inherits its attributes
from its parent window.

The X server acts as lifiputOnly windows do not exist for the purposes of graphics requests,
exposure processing, aMisibilityNotify events. AninputOnly window cannot be used as a
drawable (that is, as a source or destination for graphics requiesta)Only and InputOutput
windows act identically in other respects (properties, grabs, input control, and so on). Extension
packages can define other classes of windows.

To create an unmapped window and set its window attributes{QssateWindow.
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Window XCreateWindowdisplay, parent, x, y, width, height, border_width depth

class visual, valuemaskattributes

Display *display;
Window parent,

intx,y;

unsigned intvidth, height,
unsigned inborder_width

int depth

unsigned intlass

Visual *visual

unsigned longyaluemask
XSetWindowAttributes attributes

display
parent
X

y

width
height

border_width
depth

class

visual

valuemask

attributes

Specifies the connection to the X server.
Specifies the parent window.

Specify the x and y coordinates, which are the top-left outside corner of the cre-
ated window’s borders and are relative to the inside of the parent window’s bor-
ders.

Specify the width and height, which are the created window’s inside dimensions
and do not include the created window's borders. The dimensions must be
nonzero, or BadValue error results.

Specifies the width of the created window’s border in pixels.

Specifies the window's depth. A depth@bpyFromParent means the depth is
taken from the parent.

Specifies the created window’s class. You can pgsstOutput , InputOnly ,
or CopyFromParent. A class ofCopyFromParent means the class is taken
from the parent.

Specifies the visual type. A visual GopyFromParent means the visual type is
taken from the parent.

Specifies which window attributes are defined in the attributes argument. This
mask is the bitwise inclusive OR of the valid attribute mask bits. If valuemask is
zero, the attributes are ignored and are not referenced.

Specifies the structure from which the values (as specified by the value mask) are
to be taken. The value mask should have the appropriate bits set to indicate
which attributes have been set in the structure.

The XCreateWindow function creates an unmapped subwindow for a specified parent window,
returns the window ID of the created window, and causes the X server to gen€rasteNo-
tify event. The created window is placed on top in the stacking order with respect to siblings.

The coordinate system has the X axis horizontal and the Y axis vertical with the origin [0, 0] at
the upper-left corner. Coordinates are integral, in terms of pixels, and coincide with pixel centers.
Each window and pixmap has its own coordinate system. For a window, the origin is inside the
border at the inside, upper-left corner.
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The border_width for amputOnly window must be zero, or BadMatch error results. For
classinputOutput , the visual type and depth must be a combination supported for the screen, or
a BadMatch error results. The depth need not be the same as the parent, but the parent must not
be a window of clastnputOnly , or aBadMatch error results. For amputOnly window, the

depth must be zero, and the visual must be one supported by the screen. If either condition is not
met, aBadMatch error results. The parent window, however, may have any depth and class. If
you specify any invalid window attribute for a windowBadMatch error results.

The created window is not yet displayed (mapped) on the user’s display. To display the window,
call XMapWindow . The new window initially uses the same cursor as its parent. A new cursor
can be defined for the new window by callik@efineCursor. The window will not be visible

on the screen unless it and all of its ancestors are mapped and it is not obscured by any of its
ancestors.

XCreateWindow can generatBadAlloc, BadColor, BadCursor, BadMatch, BadPixmap,
BadValue, and BadWindow errors.

To create an unmappédputOutput subwindow of a given parent window, use
XCreateSimpleWindow.

Window XCreateSimpleWindowdisplay, parent, x, y, width, height, border_width
border, background
Display *display;
Window parent;
intx,y;
unsigned intvidth, height
unsigned inborder_width
unsigned londporder,
unsigned londpackground

display Specifies the connection to the X server.

parent Specifies the parent window.

X

y Specify the x and y coordinates, which are the top-left outside corner of the new
window’s borders and are relative to the inside of the parent window's borders.

width

height Specify the width and height, which are the created window’s inside dimensions

and do not include the created window's borders. The dimensions must be
nonzero, or BadValue error results.

border_width Specifies the width of the created window’s border in pixels.
border Specifies the border pixel value of the window.
background  Specifies the background pixel value of the window.

The XCreateSimpleWindow function creates an unmappbkgutOutput subwindow for a

specified parent window, returns the window ID of the created window, and causes the X server to
generate LreateNotify event. The created window is placed on top in the stacking order with
respect to siblings. Any part of the window that extends outside its parent window is clipped.

The border_width for amputOnly window must be zero, or BadMatch error results.
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XCreateSimpleWindow inherits its depth, class, and visual from its parent. All other window
attributes, except background and border, have their default values.

XCreateSimpleWindow can generatBadAlloc, BadMatch, BadValue, and BadWindow
errors.

3.4. Destroying Windows

Xlib provides functions that you can use to destroy a window or destroy all subwindows of a win-
dow.

To destroy a window and all of its subwindows, xd@estroyWindow.

XDestroyWindow @isplay, w)
Display *display,
Windoww;

display Specifies the connection to the X server.
w Specifies the window.

The XDestroyWindow function destroys the specified window as well as all of its subwindows
and causes the X server to generaeatroyNotify event for each window. The window should
never be referenced again. If the window specified by the w argument is mapped, it is unmapped
automatically. The ordering of tHeestroyNotify events is such that for any given window being
destroyedDestroyNotify is generated on any inferiors of the window before being generated on
the window itself. The ordering among siblings and across subhierarchies is not otherwise con-
strained. If the window you specified is a root window, no windows are destroyed. Destroying a
mapped window will generatéxposeevents on other windows that were obscured by the win-
dow being destroyed.

XDestroyWindow can generate BadWindow error.
To destroy all subwindows of a specified window, ¥&estroySubwindows

XDestroySubwindowsdisplay, w)
Display *display,
Window w;

display Specifies the connection to the X server.
w Specifies the window.

The XDestroySubwindowsfunction destroys all inferior windows of the specified window, in
bottom-to-top stacking order. It causes the X server to gene¢steoyNotify event for each

window. If any mapped subwindows were actually destroy}@kstroySubwindowscauses the

X server to generateBxposeevents on the specified window. This is much more efficient than
deleting many windows one at a time because much of the work need be performed only once for
all of the windows, rather than for each window. The subwindows should never be referenced
again.

XDestroySubwindowscan generate BadWindow error.
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3.5. Mapping Windows

A window is considered mapped if aMapWindow call has been made on it. It may not be
visible on the screen for one of the following reasons:

. It is obscured by another opaque window.
. One of its ancestors is not mapped.
. It is entirely clipped by an ancestor.

Exposeevents are generated for the window when part or all of it becomes visible on the screen.
A client receives th&xposeevents only if it has asked for them. Windows retain their position
in the stacking order when they are unmapped.

A window manager may want to control the placement of subwindowSulétructureRedi-

rectMask has been selected by a window manager on a parent window (usually a root window),
a map request initiated by other clients on a child window is not performed, and the window man-
ager is sent MapRequestevent. However, if the override-redirect flag on the child had been set
to True (usually only on pop-up menus), the map request is performed.

A tiling window manager might decide to reposition and resize other clients’ windows and then
decide to map the window to its final location. A window manager that wants to provide decora-
tion might reparent the child into a frame first. For further information, see section 3.2.8 and sec-
tion 10.10. Only a single client at a time can selecSabstructureRedirectMask.

Similarly, a single client can select fResizeRedirectMaskon a parent window. Then, any
attempt to resize the window by another client is suppressed, and the client re¢thsis a
eRequestevent.

To map a given window, uséMapWindow .

XMapWindow (display, w)
Display *display;,
Window w;

display Specifies the connection to the X server.
w Specifies the window.

The XMapWindow function maps the window and all of its subwindows that have had map
requests. Mapping a window that has an unmapped ancestor does not display the window but
marks it as eligible for display when the ancestor becomes mapped. Such a window is called
unviewable. When all its ancestors are mapped, the window becomes viewable and will be visi-
ble on the screen if it is not obscured by another window. This function has no effect if the win-
dow is already mapped.

If the override-redirect of the window False and if some other client has selectabstructur-
eRedirectMask on the parent window, then the X server generatdaRequestevent, and the
XMapWindow function does not map the window. Otherwise, the window is mapped, and the X
server generatesMapNotify event.

If the window becomes viewable and no earlier contents for it are remembered, the X server tiles
the window with its background. If the window’s background is undefined, the existing screen
contents are not altered, and the X server generates zero oExpmeeevents. If backing-store

was maintained while the window was unmappedErposeevents are generated. If backing-

store will now be maintained, a full-window exposure is always generated. Otherwise, only visi-
ble regions may be reported. Similar tiling and exposure take place for any newly viewable
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inferiors.

If the window is aninputOutput window, XMapWindow generate€xposeevents on each
InputOutput window that it causes to be displayed. If the client maps and paints the window

and if the client begins processing events, the window is painted twice. To avoid this, first ask for
Exposeevents and then map the window, so the client processes input events as usual. The event
list will include Exposefor each window that has appeared on the screen. The client’s normal
response to aexposeevent should be to repaint the window. This method usually leads to sim-
pler programs and to proper interaction with window managers.

XMapWindow can generate BadWindow error.
To map and raise a window, us&lapRaised.

XMapRaiseddisplay, w)

Display *display,

Window w;
display Specifies the connection to the X server.
w Specifies the window.

The XMapRaised function essentially is similar t§MapWindow in that it maps the window
and all of its subwindows that have had map requests. However, it also raises the specified win-
dow to the top of the stack. For additional information, X&apWindow .

XMapRaised can generate multiplBadWindow errors.
To map all subwindows for a specified window, XddapSubwindows.

XMapSubwindowsdisplay, w)

Display *display,

Windoww;
display Specifies the connection to the X server.
w Specifies the window.

The XMapSubwindows function maps all subwindows for a specified window in top-to-bottom
stacking order. The X server generafegposeevents on each newly displayed window. This

may be much more efficient than mapping many windows one at a time because the server needs
to perform much of the work only once, for all of the windows, rather than for each window.

XMapSubwindows can generate BadWindow error.

3.6. Unmapping Windows
Xlib provides functions that you can use to unmap a window or all subwindows.

To unmap a window, us€UnmapWindow .
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XUnmapWindow ¢isplay; w)
Display *display;,
Window w;

display Specifies the connection to the X server.
w Specifies the window.

The XUnmapWindow function unmaps the specified window and causes the X server to gener-
ate anUnmapNotify event. If the specified window is already unmapp€dnmapWindow

has no effect. Normal exposure processing on formerly obscured windows is performed. Any
child window will no longer be visible until another map call is made on the parent. In other
words, the subwindows are still mapped but are not visible until the parent is mapped. Unmap-
ping a window will generat&xposeevents on windows that were formerly obscured by it.

XUnmapWindow can generate BadWindow error.
To unmap all subwindows for a specified window, X&mapSubwindows.

XUnmapSubwindowsdisplay, w)
Display *display;
Window w;

display Specifies the connection to the X server.
w Specifies the window.

The XUnmapSubwindows function unmaps all subwindows for the specified window in bottom-
to-top stacking order. It causes the X server to generatmarapNotify event on each subwin-

dow andExposeevents on formerly obscured windows. Using this function is much more effi-
cient than unmapping multiple windows one at a time because the server needs to perform much
of the work only once, for all of the windows, rather than for each window.

XUnmapSubwindows can generate BadWindow error.

3.7. Configuring Windows

Xlib provides functions that you can use tova awindow, resize a window, aveand resize a
window, or change a window’s border width. To change one of these parameters, set the appro-
priate member of thX¥WindowChangesstructure and OR in the corresponding value mask in
subsequent calls t§ConfigureWindow. The symbols for the value mask bits and Xwgin-
dowChangesstructure are:
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[* Configure window value mask bits */

#define  CWX (1<<0)
#define CWY (1<<1)
#define  CWWidth (1<<2)
#define  CWHeight (1<<3)
#define ~ CWBorderWidth (1<<4)
#define  CWSibling (1<<b)
#define  CWStackMode (1<<6)
/* Values */
typedef struct {

intx,y;

int width, height;

int border_width;

Window sibling;

int stack_mode;
} XWindowChanges;

The x and y members are used to set the window’s x and y coordinates, which are relative to the
parent’s origin and indicate the position of the upper-left outer corner of the window. The width
and height members are used to set the inside size of the window, not including the border, and
must be nonzero, orBadValue error results. Attempts to configure a root window have no

effect.

The border_width member is used to set the width of the border in pixels. Note that setting just
the border width leaves the outer-left corner of the window in a fixed position but moves the abso-
lute position of the window’s origin. If you attempt to set the border-width attribute fpan

tOnly window nonzero, 8adMatch error results.

The sibling member is used to set the sibling window for stacking operations. The stack_mode
member is used to set how the window is to be restacked and can bébevé& Below, Toplf,
BottomlIf , or Opposite.

If the override-redirect flag of the windowkalse and if some other client has selectuab-
structureRedirectMask on the parent, the X server generat€3oafigureRequestevent, and

no further processing is performed. Otherwise, if some other client has sétesiedRedirect-

Mask on the window and the inside width or height of the window is being chand®ekia-
eRequestevent is generated, and the current inside width and height are used instead. Note that
the override-redirect flag of the window has no effecRasizeRedirectMaskand thatSub-
structureRedirectMask on the parent has precedence deesizeRedirectMaskon the win-

dow.

When the geometry of the window is changed as specified, the window is restacked among sib-
lings, and aConfigureNotify event is generated if the state of the window actually changes.
GravityNotify events are generated afteonfigureNotify events. If the inside width or height

of the window has actually changed, children of the window are affected as specified.

If a window’s size actually changes, the window’s subwindowseaccording to their window
gravity. Depending on the window’s bit gravity, the contents of the window also may be moved
(see section 3.2.3).
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If regions of the window were obscured but now are not, exposure processing is performed on
these formerly obscured windows, including the window itself and its inferiors. As a result of
increasing the width or height, exposure processing is also performed on any new regions of the
window and any regions where window contents are lost.

The restack check (specifically, the computationBottomlf , Toplf , and Opposite) is per-

formed with respect to the window’s final size and position (as controlled by the other arguments
of the request), not its initial position. If a sibling is specified without a stack_mdihe]-a

Match error results.

If a sibling and a stack_mode are specified, the window is restacked as follows:

Above The window is placed just aliethe sibling.

Below The window is placed just below the sibling.

Toplf If the sibling occludes the window, the window is placed at the top of the stack.

BottomlIf If the window occludes the sibling, the window is placed at the bottom of the
stack.

Opposite If the sibling occludes the window, the window is placed at the top of the stack.
If the window occludes the sibling, the window is placed at the bottom of the
stack.

If a stack_mode is specified but no sibling is specified, the window is restacked as follows:

Above The window is placed at the top of the stack.

Below The window is placed at the bottom of the stack.

Toplf If any sibling occludes the window, the window is placed at the top of the stack.

BottomlIf If the window occludes any sibling, the window is placed at the bottom of the
stack.

Opposite If any sibling occludes the window, the window is placed at the top of the stack.
If the window occludes any sibling, the window is placed at the bottom of the
stack.

Attempts to configure a root window have no effect.

To configure a window’s size, location, stacking, or borderXGenfigureWindow .
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XConfigureWindow @isplay, w, value_maskvalueg
Display *display;,
Window w;
unsigned invalue_mask
XWindowChanges values

display Specifies the connection to the X server.
w Specifies the window to be reconfigured.

value_mask Specifies which values are to be set using information in the values structure.
This mask is the bitwise inclusive OR of the valid configure window values bits.

values Specifies theXWindowChanges structure.

The XConfigureWindow function uses the values specified in X\&indowChanges structure
to reconfigure a window’s size, position, border, and stacking order. Values not specified are
taken from the existing geometry of the window.

If a sibling is specified without a stack_mode or if the window is not actually a siblBag-a

Match error results. Note that the computationsBattomlIf , Toplf , and Opposite are per-

formed with respect to the window’s final geometry (as controlled by the other arguments passed
to XConfigureWindow), not its initial geometry. Any backing store contents of the window, its
inferiors, and other newly visible windows are either discarded or changed to reflect the current
screen contents (depending on the implementation).

XConfigureWindow can generatBadMatch, BadValue, andBadWindow errors.
To move avindow without changing its size, ug@loveWindow.

XMoveWindow (display, w, X, y)
Display *display,
Window w;
intx,y;

display Specifies the connection to the X server.
w Specifies the window to be moved.
X

y Specify the x and y coordinates, which define the new location of the top-left
pixel of the window’s border or the window itself if it has no border.

The XMoveWindow function moves the specified window to the specified x and y coordinates,
but it does not change the window’s size, raise the window, or change the mapping state of the
window. Moving a mapped window may or may not lose the window’s contents depending on if
the window is obscured by nonchildren and if no backing store exists. If the contents of the win-
dow are lost, the X server generaegoseevents. Moving a mapped window generates
Exposeevents on any formerly obscured windows.

If the override-redirect flag of the window kslse and some other client has selecgdbstruc-
tureRedirectMask on the parent, the X server generaté€oafigureRequestevent, and no fur-
ther processing is performed. Otherwise, the window is moved.

XMoveWindow can generate BadWindow error.
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To change a window’s size without changing the upper-left coordinat&XResgizeWindow.

XResizeWindowdlisplay, w, width, heighf)
Display *display,
Window w;
unsigned intvidth, height,

display Specifies the connection to the X server.

w Specifies the window.

width

height Specify the width and height, which are the interior dimensions of the window

after the call completes.

The XResizeWindowfunction changes the inside dimensions of the specified window, not
including its borders. This function does not change the window’s upper-left coordinate or the
origin and does not restack the window. Changing the size of a mapped window may lose its con-
tents and generatexposeevents. If a mapped window is made smaller, changing its size gener-
atesExposeevents on windows that the mapped window formerly obscured.

If the override-redirect flag of the window ksilse and some other client has selecgdbstruc-
tureRedirectMask on the parent, the X server generat€oafigureRequestevent, and no fur-
ther processing is performed. If either width or height is zeBad/alue error results.

XResizeWindowcan generat®adValue and BadWindow errors.

To change the size and location of a window, XistoveResizeWindow:.

XMoveResizeWindowdisplay, w, X, y, width, heighf)

Display *display,
Window w;
intx,y;
unsigned intvidth, height,
display Specifies the connection to the X server.
w Specifies the window to be reconfigured.
X
y Specify the x and y coordinates, which define the new position of the window rel-
ative to its parent.
width
height Specify the width and height, which define the interior size of the window.

The XMoveResizeWindowfunction changes the size and location of the specified window with-
out raising it. Moving and resizing a mapped window may generaixposeevent on the win-
dow. Depending on the new size and location parameters, moving and resizing a window may
generateExposeevents on windows that the window formerly obscured.

If the override-redirect flag of the window ksilse and some other client has selecgdbstruc-
tureRedirectMask on the parent, the X server generat€oafigureRequestevent, and no fur-
ther processing is performed. Otherwise, the window size and location are changed.
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XMoveResizeWindowcan generatBadValue and BadWindow errors.
To change the border width of a given window, ¥SetWindowBorderWidth .

XSetWindowBorderWidthdisplay, w, width)
Display *display;,
Windoww;
unsigned intvidth;

display Specifies the connection to the X server.
w Specifies the window.
width Specifies the width of the window border.

The XSetWindowBorderWidth function sets the specified window’s border width to the speci-
fied width.

XSetWindowBorderWidth can generate BadWindow error.

3.8. Changing Window Stacking Order

Xlib provides functions that you can use to raise, lower, circulate, or restack windows.
To raise a window so that no sibling window obscures it XRaiseWindow.

XRaiseWindow (isplay, w)
Display *display,
Window w;

display Specifies the connection to the X server.
w Specifies the window.

The XRaiseWindow function raises the specified window to the top of the stack so that no sib-

ling window obscures it. If the windows are regarded as overlapping sheets of paper stacked on a
desk, then raising a window is analogous to moving the sheet to the top of the stack but leaving its
x and y location on the desk constant. Raising a mapped window may gdeiquaseevents

for the window and any mapped subwindows that were formerly obscured.

If the override-redirect attribute of the windowHalse and some other client has selectub-
structureRedirectMask on the parent, the X server generat€oafigureRequestevent, and
no processing is performed. Otherwise, the window is raised.

XRaiseWindow can generate BadWindow error.

To lower a window so that it does not obscure any sibling windowsXueeerWindow .
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XLowerWindow (display; w)
Display *display;
Window w;

display Specifies the connection to the X server.
w Specifies the window.

The XLowerWindow function lowers the specified window to the bottom of the stack so that it
does not obscure any sibling windows. If the windows are regarded as overlapping sheets of
paper stacked on a desk, then lowering a window is analogous to moving the sheet to the bottom
of the stack but leaving its x and y location on the desk constant. Lowering a mapped window
will generateExposeevents on any windows it formerly obscured.

If the override-redirect attribute of the windowralse and some other client has selecgub-
structureRedirectMask on the parent, the X server generat&oafigureRequestevent, and
no processing is performed. Otherwise, the window is lowered to the bottom of the stack.

XLowerWindow can generate BadWindow error.
To circulate a subwindow up or down, us€irculateSubwindows.

XCirculateSubwindowgdisplay, w, direction)
Display *display;
Windoww;
int direction;

display Specifies the connection to the X server.
w Specifies the window.

direction Specifies the direction (up or down) that you want to circulate the window. You
can pas$RRaiseLowestor LowerHighest.

The XCirculateSubwindows function circulates children of the specified window in the speci-
fied direction. If you speciffRaiseLowest XCirculateSubwindows raises the lowest mapped
child (if any) that is occluded by another child to the top of the stack. If you specify
LowerHighest, XCirculateSubwindows lowers the highest mapped child (if any) that occludes
another child to the bottom of the stack. Exposure processing is then performed on formerly
obscured windows. If some other client has seleBidostructureRedirectMask on the win-

dow, the X server generate€aculateRequestevent, and no further processing is performed.
If a child is actually restacked, the X server generatesaulateNotify event.

XCirculateSubwindows can generat®adValue and BadWindow errors.

To raise the lowest mapped child of a window that is partially or completely occluded by another
child, useXCirculateSubwindowsUp.
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XCirculateSubwindowsUgdisplay; w)
Display *display;,
Window w;

display Specifies the connection to the X server.
w Specifies the window.

The XCirculateSubwindowsUp function raises the lowest mapped child of the specified window
that is partially or completely occluded by another child. Completely unobscured children are not
affected. Thisis a convenience function equivalerXX@rculateSubwindows with RaiseLow-

est specified.

XCirculateSubwindowsUp can generate BadWindow error.

To lower the highest mapped child of a window that partially or completely occludes another
child, useXCirculateSubwindowsDown.

XCirculateSubwindowsDowrdisplay, w)
Display *display,
Window w;

display Specifies the connection to the X server.
w Specifies the window.

The XCirculateSubwindowsDown function lowers the highest mapped child of the specified
window that partially or completely occludes another child. Completely unobscured children are
not affected. This is a convenience function equivaleddGaculateSubwindows with Lower-
Highest specified.

XCirculateSubwindowsDown can generate BadWindow error.
To restack a set of windows from top to bottom, ¥&estackWindows.

XRestackWindowsdisplay, windows nwindows;
Display *display,
Window windowd];
int nwindows

display Specifies the connection to the X server.

windows Specifies an array containing the windows to be restacked.
nwindows Specifies the number of windows to be restacked.

The XRestackWindowsfunction restacks the windows in the order specified, from top to bot-

tom. The stacking order of the first window in the windows array is unaffected, but the other win-
dows in the array are stacked underneath the first window, in the order of the array. The stacking
order of the other windows is not affected. For each window in the window array that is not a
child of the specified window, BadMatch error results.

If the override-redirect attribute of a windowkalse and some other client has selecgub-
structureRedirectMask on the parent, the X server generdfemfigureRequestevents for
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each window whose override-redirect flag is not set, and no further processing is performed. Oth-
erwise, the windows will be restacked in top to bottom order.

XRestackWindows can generate BadWindow error.

3.9. Changing Window Attributes

Xlib provides functions that you can use to set window attribux&shangeWindowAttributes

is the more general function that allows you to set one or more window attributes provided by the
XSetWindowAttributes structure. The other functions described in this section allow you to set
one specific window attribute, such as a window’s background.

To change one or more attributes for a given windowXGkangeWindowAttributes.

XChangeWindowAttributedisplay, w, valuemaskattributes
Display *display;
Windoww;
unsigned longaluemask
XSetWindowAttributes attributes

display Specifies the connection to the X server.
w Specifies the window.

valuemask  Specifies which window attributes are defined in the attributes argument. This
maskK is the bitwise inclusive OR of the valid attribute mask bits. If valuemask is
zero, the attributes are ignored and are not referenced. The values and restric-
tions are the same as fECreateWindow.

attributes Specifies the structure from which the values (as specified by the value mask) are
to be taken. The value mask should have the appropriate bits set to indicate
which attributes have been set in the structure (see section 3.2).

Depending on the valuemask, tik€hangeWindowAttributes function uses the window

attributes in theXxSetWindowAttributes structure to change the specified window attributes.
Changing the background does not cause the window contents to be changed. To repaint the win-
dow and its background, uséClearWindow . Setting the border or changing the background

such that the border tile origin changes causes the border to be repainted. Changing the back-
ground of a root window tdlone or ParentRelative restores the default background pixmap.
Changing the border of a root window@wpyFromParent restores the default border pixmap.
Changing the win-gravity does not affect the current position of the window. Changing the back-
ing-store of an obscured window Y@ghenMapped or Always, or changing the backing-planes,
backing-pixel, or save-under of a mapped window may have no immediate effect. Changing the
colormap of a window (that is, defining a new map, not changing the contents of the existing
map) generates @olormapNotify event. Changing the colormap of a visible window may have
no immediate effect on the screen because the map may not be installed (see

XlInstallColormap ). Changing the cursor of a root windowNmne restores the default cursor.
Whenever possible, you are encouraged to share colormaps.

Multiple clients can select input on the same window. Their event masks are maintained sepa-
rately. When an event is generated, it is reported to all interested clients. However, only one
client at a time can select f&ubstructureRedirectMask, ResizeRedirectMask and
ButtonPressMask If a client attempts to select any of these event masks and some other client
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has already selected oneBadAccesserror results. There is only one do-not-propagate-mask
for a window, not one per client.

XChangeWindowAttributes can generat®adAccess BadColor, BadCursor, BadMatch,
BadPixmap, BadValue, andBadWindow errors.

To set the background of a window to a given pixel, XSetWindowBackground.

XSetWindowBackgroundyisplay, w, background_pixgl
Display *display,
Windoww;
unsigned londpackground_pixel

display Specifies the connection to the X server.
w Specifies the window.

background_pixel
Specifies the pixel that is to be used for the background.

The XSetWindowBackground function sets the background of the window to the specified pixel
value. Changing the background does not cause the window contents to be chédg@tlin-
dowBackground uses a pixmap of undefined size filled with the pixel value you passed. If you
try to change the background of BxputOnly window, aBadMatch error results.

XSetWindowBackground can generat8adMatch and BadWindow errors.

To set the background of a window to a given pixmap, XSetWindowBackgroundPixmap.

XSetWindowBackgroundPixmagisplay, w, background_pixmap
Display *display,
Window w;
Pixmapbackground_pixmap

display Specifies the connection to the X server.
w Specifies the window.

background_pixmap
Specifies the background pixmdparentRelative, or None.

The XSetWindowBackgroundPixmap function sets the background pixmap of the window to

the specified pixmap. The background pixmap can immediately be freed if no further explicit ref-
erences to it are to be made.PiirentRelative is specified, the background pixmap of the win-
dow’s parent is used, or on the root window, the default background is restored. If you try to
change the background of &mputOnly window, aBadMatch error results. If the background

is set toNone, the window has no defined background.

XSetWindowBackgroundPixmap can generat®8adMatch, BadPixmap, and BadWindow
errors.
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Note

XSetWindowBackground and XSetWindowBackgroundPixmap do not change
the current contents of the window.

To change and repaint a window’s border to a given pixelX$8stWindowBorder.

XSetWindowBorderdisplay, w, border_pixe)
Display *display,
Window w;
unsigned londporder_pixel
display Specifies the connection to the X server.
w Specifies the window.
border_pixel Specifies the entry in the colormap.

The XSetWindowBorder function sets the border of the window to the pixel value you specify.
If you attempt to perform this on dnputOnly window, aBadMatch error results.

XSetWindowBorder can generat@adMatch and BadWindow errors.
To change and repaint the border tile of a given windowX&stWindowBorderPixmap.

XSetWindowBorderPixmapdisplay, w, border_pixmap
Display *display;
Window w;
Pixmapborder_pixmap
display Specifies the connection to the X server.
w Specifies the window.

border_pixmap
Specifies the border pixmap GopyFromParent.

The XSetWindowBorderPixmap function sets the border pixmap of the window to the pixmap
you specify. The border pixmap can be freed immediately if no further explicit references to it
are to be made. If you speci§opyFromParent, a copy of the parent window’s border pixmap
is used. If you attempt to perform this onlaputOnly window, aBadMatch error results.

XSetWindowBorderPixmap can generat8adMatch, BadPixmap, andBadWindow errors.

To set the colormap of a given window, UsgetWindowColormap.
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XSetWindowColormapdisplay, w, colormap
Display *display;,
Window w;
Colormapcolormagp

display Specifies the connection to the X server.
w Specifies the window.
colormap Specifies the colormap.

The XSetWindowColormap function sets the specified colormap of the specified window. The
colormap must have the same visual type as the windowBad®latch error results.

XSetWindowColormap can generat®adColor, BadMatch, andBadWindow errors.
To define which cursor will be used in a window, X$gefineCursor.

XDefineCursordlisplay, w, cursor)

Display *display;,

Window w;

Cursorcursor,
display Specifies the connection to the X server.
w Specifies the window.

cursor Specifies the cursor that is to be displayetione.

If a cursor is set, it will be used when the pointer is in the window. If the curBlamis, it is
equivalent toXUndefineCursor.

XDefineCursor can generat®adCursor and BadWindow errors.
To undefine the cursor in a given window, ud8éndefineCursor.

XUndefineCursordisplay, w)

Display *display,

Windoww;
display Specifies the connection to the X server.
w Specifies the window.

The XUndefineCursor function undoes the effect of a previa¥BefineCursor for this win-
dow. When the pointer is in the window, the parent’s cursor will now be used. On the root win-
dow, the default cursor is restored.

XUndefineCursor can generate BadWindow error.
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Chapter 4

Window Information Functions

After you connect the display to the X server and create a window, you can use the Xlib window
information functions to:

. Obtain information about a window

. Translate screen coordinates

. Manipulate property lists

. Obtain and change window properties
. Manipulate selections

4.1. Obtaining Window Information

Xlib provides functions that you can use to obtain information about the window tree, the win-
dow’s current attributes, the window’s current geometry, or the current pointer coordinates.
Because they are most frequently used by window managers, these functions all return a status to
indicate whether the window still exists.

To obtain the parent, a list of children, and number of children for a given window, use
XQueryTree.

Status XQueryTreed{splay, w, root_return, parent_return children_return nchildren_returr)
Display *display;,
Windoww;
Window *root_return;
Window *parent_return
Window **children_return
unsigned int hchildren_return

display Specifies the connection to the X server.

w Specifies the window whose list of children, root, parent, and number of children
you want to obtain.

root_return Returns the root window.
parent_return Returns the parent window.

children_return
Returns the list of children.

nchildren_return
Returns the number of children.

The XQueryTree function returns the root ID, the parent window ID, a pointer to the list of chil-
dren windows (NULL when there are no children), and the number of children in the list for the
specified window. The children are listed in current stacking order, from bottommost (first) to
topmost (last).XQueryTree returns zero if it fails and nonzero if it succeeds. To free a non-

57



Xlib — C Library X11, Release 6

NULL children list when it is no longer needed, Ugeree.
XQueryTree can generate BadWindow error.

To obtain the current attributes of a given window, ¥&etWindowAttributes .

Status XGetWindowAttributesl{splay, w, window_attributes_return
Display *display,
Window w;
XWindowAttributes *window_attributes_retum

display Specifies the connection to the X server.

w Specifies the window whose current attributes you want to obtain.

window_attributes_return
Returns the specified window’s attributes in ¥M/indowAttributes structure.

The XGetWindowAttributes function returns the current attributes for the specified window to
an XWindowAttributes structure.

typedef struct {
intx,y; /* location of window */
int width, height; /* width and height of window */
int border_width; /* border width of window */
int depth; /* depth of window */
Visual *visual; /* the associated visual structure */
Window root; * root of screen containing window */
int class; /* InputOutput, InputOnly*/
int bit_gravity; /* one of the bit gravity values */
int win_gravity; /* one of the window gravity values */
int backing_store; [* NotUseful, WhenMapped, Always */
unsigned long backing_planes; [* planes to be preserved if possible */
unsigned long backing_pixel; * value to be used when restoring planes */
Bool save_under; [* boolean, should bits under be saved? */
Colormap colormap; /* color map to be associated with window */
Bool map_installed; /* boolean, is color map currently installed*/
int map_state; /* IsUnmapped, IsUnviewable, IsViewable */
long all_event_masks; * set of events all people have interest in*/
long your_event_mask; /* my event mask */
long do_not_propagate_mask; I* set of events that should not propagate */
Bool override_redirect; /* boolean value for override-redirect */
Screen *screen; /* back pointer to correct screen */

} XWindowAttributes;

The x and y members are set to the upper-left outer corner relative to the parent window’s origin.
The width and height members are set to the inside size of the window, not including the border.
The border_width member is set to the window’s border width in pixels. The depth member is set
to the depth of the window (that is, bits per pixel for the object). The visual member is a pointer
to the screen’s associatdisual structure. The root member is set to the root window of the
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screen containing the window. The class member is set to the window’s class and can be either
InputOutput or InputOnly .

The bit_gravity member is set to the window’s bit gravity and can be one of the following:

ForgetGravity EastGravity
NorthWestGravity SouthWestGravity
NorthGravity SouthGravity
NorthEastGravity SouthEastGravity
WestGravity StaticGravity
CenterGravity

The win_gravity member is set to the window’s window gravity and can be one of the following:

UnmapGravity EastGravity
NorthWestGravity SouthWestGravity
NorthGravity SouthGravity
NorthEastGravity SouthEastGravity
WestGravity StaticGravity
CenterGravity

For additional information on gravity, see section 3.3.

The backing_store member is set to indicate how the X server should maintain the contents of a

window and can b&/henMapped, Always, or NotUseful. The backing_planes member is set

to indicate (with bits set to 1) which bit planes of the window hold dynamic data that must be pre-
served in backing_stores and during save_unders. The backing_pixel member is set to indicate

what values to use for planes not set in backing_planes.

The save_under member is sefftae or False. The colormap member is set to the colormap
for the specified window and can be a colormap IINone. The map_installed member is set to
indicate whether the colormap is currently installed and cafruee or False. The map_state
member is set to indicate the state of the window and casliyenapped, IsUnviewable, or
IsViewable. IsUnviewableis used if the window is mapped but some ancestor is unmapped.

The all_event_masks member is set to the bitwise inclusive OR of all event masks selected on the
window by all clients. The your_event_mask member is set to the bitwise inclusive OR of all
event masks selected by the querying client. The do_not_propagate_mask member is set to the
bitwise inclusive OR of the set of events that should not propagate.

The override_redirect member is set to indicate whether this window overrides structure control
facilities and can b@rue or False. Window manager clients should ignore the window if this
member isTrue.

The screen member is set to a screen pointer that gives you a back pointer to the correct screen.
This makes it easier to obtain the screen information without having to loop over the root window
fields to see which field matches.

XGetWindowAttributes can generatBadDrawable and BadWindow errors.

To obtain the current geometry of a given drawable XSetGeometry.
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Status XGetGeometrdisplay, d, root_return, x_return, y_return, width_return,
height_return border_width_returndepth_return
Display *display;
Drawabled;
Window *root_return;
int *x_return, *y_return;
unsigned int Yvidth_return *height_return
unsigned int border_width_return
unsigned int Hepth_return

display Specifies the connection to the X server.

d Specifies the drawable, which can be a window or a pixmap.

root_return Returns the root window.

X_return

y_return Return the x and y coordinates that define the location of the drawable. For a

window, these coordinates specify the upper-left outer corner relative to its par-
ent’s origin. For pixmaps, these coordinates are always zero.

width_return

height_return Return the drawable’s dimensions (width and height). For a window, these
dimensions specify the inside size, not including the border.

border_width_return
Returns the border width in pixels. If the drawable is a pixmap, it returns zero.

depth_return Returns the depth of the drawable (bits per pixel for the object).

The XGetGeometry function returns the root window and the current geometry of the drawable.
The geometry of the drawable includes the x and y coordinates, width and height, border width,
and depth. These are described in the argument list. It is legal to pass to this function a window
whose class itnputOnly .

XGetGeometry can generate BadDrawable error.

4.2. Translating Screen Coordinates

Applications sometimes need to perform a coordinate transformation from the coordinate space of
one window to another window or need to determine which window the pointing device is in.
XTranslateCoordinates and XQueryPointer fulfill these needs (and avoid any race conditions)

by asking the X server to perform these operations.

To translate a coordinate in one window to the coordinate space of another window, use
XTranslateCoordinates.
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Bool XTranslateCoordinatedisplay, src_w, dest_w src_x, src_y, dest_x_return
dest_y returnchild_return)
Display *display;,
Windowsrc_w, dest_w
int src_x, src_y,
int *dest_x_return*dest_y_return
Window *child_return;

display Specifies the connection to the X server.

Src_w Specifies the source window.

dest w Specifies the destination window.

Src_x

src_y Specify the x and y coordinates within the source window.

dest_x_return
dest y return Return the x and y coordinates within the destination window.

child_return  Returns the child if the coordinates are contained in a mapped child of the desti-
nation window.

If XTranslateCoordinatesreturnsTrue, it takes the src_x and src_y coordinates relative to the
source window’s origin and returns these coordinates to dest_x_return and dest_y_return relative
to the destination window’s origin. XTranslateCoordinates returnsFalse, src_w and dest_w

are on different screens, and dest_x_return and dest_y_return are zero. If the coordinates are con-
tained in a mapped child of dest_w, that child is returned to child_return. Otherwise, child_return

is set toNone.

XTranslateCoordinates can generate BadWindow error.

To obtain the screen coordinates of the pointer or to determine the pointer coordinates relative to a
specified window, usXQueryPointer.
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Bool XQueryPointerdisplay, w, root_return, child_return, root_x_return root_y_return
win_x_return win_y return mask_return
Display *display;
Window w;
Window *root_return, *child_return;
int *root_x_return *root_y_return
int *win_x_return *win_y_return
unsigned int nask_return

display Specifies the connection to the X server.

w Specifies the window.

root_return  Returns the root window that the pointer is in.

child_return  Returns the child window that the pointer is located in, if any.
root_x_return

root_y return Return the pointer coordinates relative to the root window’s origin.
win_X_return

win_y return Return the pointer coordinates relative to the specified window.
mask_return Returns the current state of the modifier keys and pointer buttons.

The XQueryPointer function returns the root window the pointer is logically on and the pointer
coordinates relative to the root window'’s origin.XQueryPointer returnsFalse, the pointer is

not on the same screen as the specified windowxXgneryPointer returnsNone to

child_return and zero to win_x_return and win_y_returnX@ueryPointer returnsTrue, the
pointer coordinates returned to win_x_return and win_y_return are relative to the origin of the
specified window. In this casXQueryPointer returns the child that contains the pointer, if any,
or elseNone to child_return.

XQueryPointer returns the current logical state of the keyboard buttons and the modifier keys in
mask_return. It sets mask_return to the bitwise inclusive OR of one or more of the button or
modifier key bitmasks to match the current state of the mouse buttons and the modifier keys.

Note that the logical state of a device (as seen through Xlib) may lag the physical state if device
event processing is frozen (see section 12.1).

XQueryPointer can generate BadWindow error.

4.3. Properties and Atoms

A property is a collection of named, typed data. The window system has a set of predefined prop-
erties (for example, the name of a window, size hints, and so on), and users can define any other
arbitrary information and associate it with windows. Each property has a name, which is an ISO
Latin-1 string. For each named property, a unique identifier (atom) is associated with it. A prop-
erty also has a type, for example, string or integer. These types are also indicated using atoms, so
arbitrary new types can be defined. Data of only one type may be associated with a single prop-
erty name. Clients can store and retrieve properties associated with windows. For efficiency rea-
sons, an atom is used rather than a character siXilmgernAtom can be used to obtain the

atom for property names.

A property is also stored in one of several possible formats. The X server can store the informa-
tion as 8-bit quantities, 16-bit quantities, or 32-bit quantities. This permits the X server to present
the data in the byte order that the client expects.
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Note

If you define further properties of complex type, you must encode and decode them
yourself. These functions must be carefully written if they are to be portable. For
further information about how to write a library extension, see appendix C.

The type of a property is defined by an atom, which allows for arbitrary extension in this type
scheme.

Certain property names are predefined in the server for commonly used functions. The atoms for
these properties are defined XXl/Xatom.h>. To avoid name clashes with user symbols, the
#definename for each atom has the XA_ prefix. For definitions of these properties, see section
4.3. For an explanation of the functions that let you get and set much of the information stored in
these predefined properties, see chapter 14.

The core protocol imposes no semantics on these property names, but semantics are specified in
other X Consortium standards, such asltiter-Client Communication Conventions Manaad
the X Logical Font Description Conventions

You can use properties to communicate other information between applications. The functions
described in this section let you define new properties and get the unique atom IDs in your appli-
cations.

Although any particular atom can have some client interpretation within each of the name spaces,
atoms occur in five distinct name spaces within the protocol:

. Selections

. Property names

. Property types

. Font properties

. Type of aClientMessageevent (none are built into the X server)

The built-in selection property names are:

PRIMARY
SECONDARY

The built-in property names are:

CUT_BUFFERO RESOURCE_MANAGER
CUT_BUFFER1 WM_CLASS

CUT_BUFFER2 WM_CLIENT_MACHINE
CUT_BUFFER3 WM_COLORMAP_WINDOWS
CUT_BUFFER4 WM_COMMAND
CUT_BUFFER5 WM_HINTS

CUT_BUFFERS6 WM_ICON_NAME
CUT_BUFFER7 WM_ICON_SIZE
RGB_BEST_MAP WM_NAME

RGB_BLUE_MAP WM_NORMAL_HINTS
RGB_DEFAULT _MAP WM_FROTOCOLS
RGB_GRAY_MAP WM_STATE
RGB_GREEN_MAP WM_TRANSIENT_FOR
RGB_RED_MAP WM_ZOOM_HINTS
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The built-in property types are:

ARC POINT

ATOM RGB_COLOR_MAP
BITMAP RECTANGLE
CARDINAL STRING
COLORMAP VISUALID
CURSOR WINDOW
DRAWABLE WM_HINTS

FONT WM_SIZE_HINTS
INTEGER

PIXMAP

The built-in font property names are:

MIN_SPACE STRIKEOUT_DESCENT
NORM_SPACE STRIKEOUT_ASCENT
MAX_SPACE ITALIC_ANGLE
END_SPACE X_HEIGHT
SUPERSCRIPT_X QUAD_WIDTH
SUPERSCRIPT_Y WEIGHT
SUBSCRIPT_X POINT_SIZE
SUBSCRIPT_Y RESOLUTION
UNDERLINE_POSITION COPYRIGHT
UNDERLINE_THICKNESS NOTICE

FONT_NAME FAMILY_NAME
FULL_NAME CAP_HEIGHT

For further information about font properties, see section 8.5.
To return an atom for a given name, udaternAtom .

Atom XlinternAtomdisplay, atom_nameonly_if _exist$
Display *display;,
char *atom_name
Bool only_if exists

display Specifies the connection to the X server.
atom_name Specifies the name associated with the atom you want returned.
only_if_exists Specifies a Boolean value that indicates whether the atom must be created.

The XinternAtom function returns the atom identifier associated with the specified atom_name
string. If only_if_exists iF-alse, the atom is created if it does not exist. Therefiafer-

nAtom can returnNone. If the atom name is not in the Host Portable Character Encoding, the
result is implementation dependent. Uppercase and lowercase matter; the strings “thing”,
“Thing”, and “thinG” all designate different atoms. The atom will remain defined even after the
client’'s connection closes. It will become undefined only when the last connection to the X
server closes.
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XinternAtom can generatBadAlloc and BadValue errors.
To return atoms for an array of names, M&sternAtoms .

Status XinternAtomsdisplay, names count, only_if_existsatoms_return
Display *display;,
char **names
int count,
Bool only_if_exists
Atom *atoms_return

display Specifies the connection to the X server.
names Specifies the array of atom names.
count Specifies the number of atom names in the array.

only_if_exists Specifies a Boolean value that indicates whether the atom must be created.
atoms_return Returns the atoms.

The XinternAtoms function returns the atom identifiers associated with the specified names.
The atoms are stored in the atoms_return array supplied by the caller. Calling this function is
equivalent to calling<InternAtom for each of the names in turn with the specified value of
only_if _exists, but this function minimizes the number of round trip protocol exchanges between
the client and the X server.

This function returns a nonzero status if atoms are returned for all of the names; otherwise, it
returns zero.

XInternAtoms can generat®adAlloc andBadValue errors.
To return a name for a given atom identifier, X€@etAtomName.

char *XGetAtomNamedisplay, atom)
Display *display,
Atom atom;
display Specifies the connection to the X server.
atom Specifies the atom for the property name you want returned.

The XGetAtomName function returns the name associated with the specified atom. If the data

returned by the server is in the Latin Portable Character Encoding, then the returned string is in
the Host Portable Character Encoding. Otherwise, the result is implementation dependent. To
free the resulting string, callFree.

XGetAtomName can generate BadAtom error.

To return the names for an array of atom identifiers XSetAtomNames.
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Status XGetAtomNamesd{splay, atoms count, names_returih
Display *display;,
Atom *atoms
int count,
char **names_return

display Specifies the connection to the X server.
atoms Specifies the array of atoms.

count Specifies the number of atoms in the array.
names_return Returns the atom names.

The XGetAtomNames function returns the names associated with the specified atoms. The
names are stored in the names_return array supplied by the caller. Calling this function is equiv-
alent to callingKGetAtomName for each of the atoms in turn, but this function minimizes the
number of round trip protocol exchanges between the client and the X server.

This function returns a nonzero status if names are returned for all of the atoms; otherwise, it
returns zero.

XGetAtomNames can generate BadAtom error.

4.4, Obtaining and Changing Window Properties

You can attach a property list to every window. Each property has a name, a type, and a value
(see section 4.3). The value is an array of 8-bit, 16-bit, or 32-bit quantities, whose interpretation
is left to the clients. The typehar is used to represent 8-bit quantities, the tgpert is used to
represent 16-bit quantities, and the typeg is used to represent 32-bit quantities.

Xlib provides functions that you can use to obtain, change, update, or interchange window prop-
erties. In addition, Xlib provides other utility functions for inter-client communication (see chap-
ter 14).

To obtain the type, format, and value of a property of a given window, use
XGetWindowProperty .
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int XGetWindowPropertydisplay, w, property, long_offsetlong_length delete req_type

actual_type_returnpactual_format_returnnitems_returnpbytes_after_return
prop_return)

Display *display;,

Window w;

Atom property;

long long_offsetlong_length

Bool delete

Atomreq_type

Atom *actual_type_return

int *actual_format_return

unsigned long fitems_return

unsigned long bytes_after_return

unsigned char *prop_return

display Specifies the connection to the X server.
w Specifies the window whose property you want to obtain.
property Specifies the property name.

long_offset  Specifies the offset in the specified property (in 32-bit quantities) where the data
is to be retrieved.

long_length  Specifies the length in 32-bit multiples of the data to be retrieved.

delete Specifies a Boolean value that determines whether the property is deleted.
req_type Specifies the atom identifier associated with the property type or
AnyPropertyType.

actual_type_return
Returns the atom identifier that defines the actual type of the property.

actual_format_return
Returns the actual format of the property.

nitems_return Returns the actual number of 8-bit, 16-bit, or 32-bit items stored in the
prop_return data.

bytes_after_return
Returns the number of bytes remaining to be read in the property if a partial read
was performed.

prop_return  Returns the data in the specified format.

The XGetWindowProperty function returns the actual type of the property; the actual format of
the property; the number of 8-bit, 16-bit, or 32-bit items transferred; the number of bytes remain-
ing to be read in the property; and a pointer to the data actually retuXiGt\WindowProp-

erty sets the return arguments as follows:

. If the specified property does not exist for the specified wind@etWindowProperty
returnsNone to actual_type_return and the value zero to actual_format_return and
bytes_after_return. The nitems_return argument is empty. In this case, the delete argument
is ignored.

. If the specified property exists but its type does not match the specifieXtgp8)Vin-
dowProperty returns the actual property type to actual_type_return, the actual property
format (never zero) to actual_format_return, and the property length in bytes (even if the
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actual_format_return is 16 or 32) to bytes_after_return. It also ignores the delete argument.
The nitems_return argument is empty.

. If the specified property exists and either you asgigypPropertyType to the req_type
argument or the specified type matches the actual propertyX@m\WindowProperty
returns the actual property type to actual_type_return and the actual property format (never
zero) to actual_format_return. It also returns a value to bytes_after_return and
nitems_return, by defining the following values:

N = actual length of the stored property in bytes
(even if the format is 16 or 32)
I =4 * long_offset

T=N-I
L = MINIMUM(T , 4 * long_length)
A=N-(1+L)

The returned value starts at byte index | in the property (indexing from zero), and its length
in bytes is L. If the value for long_offset causes L to be negatiBaddalue error results.

The value of bytes_after_return is A, giving the number of trailing unread bytes in the
stored property.

If the returned format is 8, the returned data is representedras array. If the returned format

is 16, the returned data is represented stsoat array and should be cast to that type to obtain the
elements. If the returned format is 32, the returned data is representlohgseay and should

be cast to that type to obtain the elements.

XGetWindowProperty always allocates one extra byte in prop_return (even if the property is
zero length) and sets it to zero so that simple properties consisting of characters do not have to be
copied into yet another string before use.

If delete isTrue and bytes_after_return is zedGetWindowProperty deletes the property
from the window and generatesaopertyNotify event on the window.

The function return§uccessf it executes successfully. To free the resulting data Xisee.
XGetWindowProperty can generatBadAtom, BadValue, andBadWindow errors.

To obtain a given window’s property list, u¥d.istProperties.

Atom *XListProperties(lisplay, w, num_prop_returi
Display *display;
Window w;
int *num_prop_return
display Specifies the connection to the X server.
w Specifies the window whose property list you want to obtain.

num_prop_return
Returns the length of the properties array.

The XListProperties function returns a pointer to an array of atom properties that are defined for
the specified window or returns NULL if no properties were found. To free the memory allocated
by this function, us&Free.

XListProperties can generate BadWindow error.
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To change a property of a given window, x&&hangeProperty.

XChangePropertydisplay, w, property, type, format, mode data, nelements
Display *display;,
Window w;
Atom property, type;
int format;
int mode
unsigned chardata;
int nelements

display Specifies the connection to the X server.

w Specifies the window whose property you want to change.

property Specifies the property name.

type Specifies the type of the property. The X server does not interpret the type but
simply passes it back to an application that later c&BstWindowProperty .

format Specifies whether the data should be viewed as a list of 8-bit, 16-bit, or 32-bit

guantities. Possible values are 8, 16, and 32. This information allows the X
server to correctly perform byte-swap operations as necessary. If the format is
16-bit or 32-bit, you must explicitly cast your data pointer to an (unsigned char *)
in the call toXChangeProperty.

mode Specifies the mode of the operation. You can PaspModeReplace
PropModePrepend, or PropModeAppend.
data Specifies the property data.

nelements Specifies the number of elements of the specified data format.

The XChangeProperty function alters the property for the specified window and causes the X

server to generateRropertyNotify event on that windowXChangeProperty performs the fol-

lowing:

. If mode isPropModeReplace XChangeProperty discards the previous property value
and stores the new data.

. If mode isPropModePrependor PropModeAppend, XChangeProperty inserts the
specified data before the beginning of the existing data or onto the end of the existing data,
respectively. The type and format must match the existing property valu8aathatch
error results. If the property is undefined, it is treated as defined with the correct type and
format with zero-length data.

If the specified format is 8, the property data must bleaa array. If the specified format is 16,
the property data must beshort array. If the specified format is 32, the property data must be a
long array.

The lifetime of a property is not tied to the storing client. Properties remain until explicitly

deleted, until the window is destroyed, or until the server resets. For a discussion of what hap-
pens when the connection to the X server is closed, see section 2.6. The maximum size of a prop-
erty is server dependent and can vary dynamically depending on the amount of memory the server
has available. (If there is insufficient spac&amlAlloc error results.)

XChangeProperty can generatBadAlloc, BadAtom, BadMatch, BadValue, and BadWin-
dow errors.
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To rotate a window’s property list, ugéRotateWindowProperties.

XRotateWindowPropertiesl(splay, w, properties num_prop npositiong
Display *display,
Windoww;
Atom propertieq];
int num_prop
int npositions

display Specifies the connection to the X server.

w Specifies the window.

properties Specifies the array of properties that are to be rotated.
num_prop Specifies the length of the properties array.

npositions Specifies the rotation amount.

The XRotateWindowProperties function allows you to rotate properties on a window and

causes the X server to generBtepertyNotify events. If the property names in the properties

array are viewed as being numbered starting from zero and if there are num_prop property names
in the list, then the value associated with property name | becomes the value associated with prop-
erty name (I + npositions) mod N for all | from zero to N — 1. The effect is to rotate the states by
npositions places around the virtual ring of property names (right for positive npositions, left for
negative npositions). If npositions mod N is nonzero, the X server geneRtepatyNotify

event for each property in the order that they are listed in the array. If an atom occurs more than
once in the list or no property with that name is defined for the windBagd&latch error

results. If aBadAtom or BadMatch error results, no properties are changed.

XRotateWindowProperties can generat®adAtom, BadMatch, and BadWindow errors.
To delete a property on a given window, udeeleteProperty.

XDeletePropertydisplay, w, property)
Display *display;
Window w;
Atom property,
display Specifies the connection to the X server.
w Specifies the window whose property you want to delete.

property Specifies the property name.

The XDeleteProperty function deletes the specified property only if the property was defined on
the specified window and causes the X server to geneRxigpartyNotify event on the window
unless the property does not exist.

XDeleteProperty can generat®adAtom and BadWindow errors.

4.5. Selections

Selections are one method used by applications to exchange data. By using the property mecha-
nism, applications can exchange data of arbitrary types and can negotiate the type of the data. A
selection can be thought of as an indirect property with a dynamic type. That is, rather than
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having the property stored in the X server, the property is maintained by some client (the owner).
A selection is global in nature (considered to belong to the user but be maintained by clients)
rather than being private to a particular window subhierarchy or a particular set of clients.

Xlib provides functions that you can use to set, get, or request conversion of selections. This
allows applications to implement the notion of current selection, which requires that notification
be sent to applications when they no longer own the selection. Applications that support selection
often highlight the current selection and so must be informed when another application has
acquired the selection so that they can unhighlight the selection.

When a client asks for the contents of a selection, it specifies a selection target type. This target
type can be used to control the transmitted representation of the contents. For example, if the
selection is “the last thing the user clicked on” and that is currently an image, then the target type
might specify whether the contents of the image should be sent in XY format or Z format.

The target type can also be used to control the class of contents transmitted, for example, asking
for the “looks” (fonts, line spacing, indentation, and so forth) of a paragraph selection, not the

text of the paragraph. The target type can also be used for other purposes. The protocol does not
constrain the semantics.

To set the selection owner, u¥&etSelectionOwner

XSetSelectionOwnedjsplay, selection owner, time)

Display *display;
Atom selection
Window owner,
Timetime;
display Specifies the connection to the X server.
selection Specifies the selection atom.
owner Specifies the owner of the specified selection atom. You can pass a window or
None.
time Specifies the time. You can pass either a timestanguaentTime .

The XSetSelectionOwnerfunction changes the owner and last-change time for the specified
selection and has no effect if the specified time is earlier than the current last-change time of the
specified selection or is later than the current X server time. Otherwise, the last-change time is
set to the specified time, witburrentTime replaced by the current server time. If the owner
window is specified adlone, then the owner of the selection becorheme (that is, no owner).
Otherwise, the owner of the selection becomes the client executing the request.

If the new owner (whether a client bione) is not the same as the current owner of the selection
and the current owner is nbione, the current owner is sentSelectionClearevent. If the client

that is the owner of a selection is later terminated (that is, its connection is closed) or if the owner
window it has specified in the request is later destroyed, the owner of the selection automatically
reverts toNone, but the last-change time is not affected. The selection atom is uninterpreted by
the X server.XGetSelectionOwnerreturns the owner window, which is reportedSelection-
Requestand SelectionClearevents. Selections are global to the X server.

XSetSelectionOwnercan generatBadAtom and BadWindow errors.

To return the selection owner, ug&etSelectionOwner.
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Window XGetSelectionOwned(splay, selection
Display *display;,
Atom selection
display Specifies the connection to the X server.
selection Specifies the selection atom whose owner you want returned.

The XGetSelectionOwnerfunction returns the window ID associated with the window that cur-
rently owns the specified selection. If no selection was specified, the function returns the constant
None. If Noneis returned, there is no owner for the selection.

XGetSelectionOwnercan generate BadAtom error.
To request conversion of a selection, X¥&&onvertSelection

XConvertSelectiondisplay, selection target, property, requestor time)
Display *display;,
Atom selection target;
Atom property;
Window requestor
Timetime;
display Specifies the connection to the X server.
selection Specifies the selection atom.
target Specifies the target atom.
property Specifies the property name. You also can pasze.
requestor Specifies the requestor.
time Specifies the time. You can pass either a timestanuaentTime .

XConvertSelectionrequests that the specified selection be converted to the specified target type:

. If the specified selection has an owner, the X server seBéseationRequeskvent to that
owner.
. If no owner for the specified selection exists, the X server gener&eleetionNotify

event to the requestor with propeiNgpne.

The arguments are passed on unchanged in either of the events. There are two predefined selec-
tion atoms: PRIMARY and SECONDARY.

XConvertSelectioncan generatBadAtom and BadWindow errors.
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Chapter 5

Pixmap and Cursor Functions

Once you have connected to an X server, you can use the Xlib functions to:
. Create and free pixmaps
. Create, recolor, and free cursors

5.1. Creating and Freeing Pixmaps

Pixmaps can only be used on the screen on which they were created. Pixmaps are off-screen
resources that are used for various operations, for example, defining cursors as tiling patterns or
as the source for certain raster operations. Most graphics requests can operate either on a window
or on a pixmap. A bitmap is a single bit-plane pixmap.

To create a pixmap of a given size, X&ereatePixmap.

Pixmap XCreatePixmapl{splay, d, width, height, depth
Display *display;
Drawabled;
unsigned intvidth, height,
unsigned indepth

display Specifies the connection to the X server.

d Specifies which screen the pixmap is created on.

width

height Specify the width and height, which define the dimensions of the pixmap.
depth Specifies the depth of the pixmap.

The XCreatePixmap function creates a pixmap of the width, height, and depth you specified and
returns a pixmap ID that identifies it. It is valid to passrgutOnly window to the drawable

argument. The width and height arguments must be nonzerd3a\alue error results. The

depth argument must be one of the depths supported by the screen of the specified drawable, or a
BadValue error results.

The server uses the specified drawable to determine on which screen to create the pixmap. The
pixmap can be used only on this screen and only with other drawables of the same depth (see
XCopyPlane for an exception to this rule). The initial contents of the pixmap are undefined.

XCreatePixmap can generat8adAlloc, BadDrawable, andBadValue errors.

To free all storage associated with a specified pixmapXEseePixmap.
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XFreePixmapdisplay pixmap)
Display *display;
Pixmappixmap

display Specifies the connection to the X server.
pixmap Specifies the pixmap.

The XFreePixmap function first deletes the association between the pixmap ID and the pixmap.
Then, the X server frees the pixmap storage when there are no references to it. The pixmap
should never be referenced again.

XFreePixmap can generate BadPixmap error.

5.2. Creating, Recoloring, and Freeing Cursors

Each window can have a different cursor defined for it. Whenever the pointer is in a visible win-
dow, it is set to the cursor defined for that window. If no cursor was defined for that window, the
cursor is the one defined for the parent window.

From X's perspective, a cursor consists of a cursor source, mask, colors, and a hotspot. The mask
pixmap determines the shape of the cursor and must be a depth of one. The source pixmap must
have a depth of one, and the colors determine the colors of the source. The hotspot defines the
point on the cursor that is reported when a pointer event occurs. There may be limitations
imposed by the hardware on cursors as to size and whether a mask is implemented.
XQueryBestCursor can be used to find out what sizes are possible. There is a standard font for
creating cursors, but Xlib provides functions that you can use to create cursors from an arbitrary
font or from bitmaps.

To create a cursor from the standard cursor fontXi@&eateFontCursor.

#include <X11/cursorfont.h>

Cursor XCreateFontCursdiéplay, shapg

Display *display,

unsigned inshape
display Specifies the connection to the X server.
shape Specifies the shape of the cursor.

X provides a set of standard cursor shapes in a special font named cursor. Applications are
encouraged to use this interface for their cursors because the font can be customized for the indi-
vidual display type. The shape argument specifies which glyph of the standard fonts to use.

The hotspot comes from the information stored in the cursor font. The initial colors of a cursor
are a black foreground and a white background X$@ecolorCursor). For further information
about cursor shapes, see appendix B.

XCreateFontCursor can generatBadAlloc and BadValue errors.

To create a cursor from font glyphs, Us€reateGlyphCursor .
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Cursor XCreateGlyphCursatisplay, source_fontmask_fontsource_chaymask_char
foreground_color background_coloy
Display *display;,
Fontsource_fontmask_font
unsigned insource_chaymask_char
XColor *foreground_color
XColor *background_coloyr

display Specifies the connection to the X server.
source_font  Specifies the font for the source glyph.
mask_font Specifies the font for the mask glyphNone.
source_char Specifies the character glyph for the source.
mask_char  Specifies the glyph character for the mask.

foreground_color
Specifies the RGB values for the foreground of the source.

background_color
Specifies the RGB values for the background of the source.

The XCreateGlyphCursor function is similar toXCreatePixmapCursor except that the source
and mask bitmaps are obtained from the specified font glyphs. The source_char must be a
defined glyph in source_font, orBadValue error results. If mask_font is given, mask_char

must be a defined glyph in mask_font, dadValue error results. The mask_font and character
are optional. The origins of the source_char and mask_char (if defined) glyphs are positioned
coincidently and define the hotspot. The source_char and mask_char need not have the same
bounding box metrics, and there is no restriction on the placement of the hotspot relative to the
bounding boxes. If no mask_char is given, all pixels of the source are displayed. You can free
the fonts immediately by callingFreeFont if no further explicit references to them are to be
made.

For 2-byte matrix fonts, the 16-bit value should be formed with the bytel member in the most-
significant byte and the byte2 member in the least-significant byte.
XCreateGlyphCursor can generat8adAlloc, BadFont, andBadValue errors.

To create a cursor from two bitmaps, u€ereatePixmapCursor.
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Cursor XCreatePixmapCursdali§play, source mask foreground_coloy background_colorx, y)
Display *display;,
Pixmapsource
Pixmapmask
XColor *foreground_color
XColor *background_coloyr
unsigned ink, y;

display Specifies the connection to the X server.
source Specifies the shape of the source cursor.
mask Specifies the cursor’s source bits to be displayadare.

foreground_color
Specifies the RGB values for the foreground of the source.

background_color
Specifies the RGB values for the background of the source.

Specify the x and y coordinates, which indicate the hotspot relative to the
source’s origin.

The XCreatePixmapCursor function creates a cursor and returns the cursor ID associated with

it. The foreground and background RGB values must be specified using foreground_color and
background_color, even if the X server only h&StaticGray or GrayScalescreen. The fore-

ground color is used for the pixels set to 1 in the source, and the background color is used for the
pixels set to 0. Both source and mask, if specified, must have depth origa@¥iatch error

results) but can have any root. The mask argument defines the shape of the cursor. The pixels set
to 1 in the mask define which source pixels are displayed, and the pixels set to 0 define which pix-
els are ignored. If no mask is given, all pixels of the source are displayed. The mask, if present,
must be the same size as the pixmap defined by the source argumdsaddtaich error

results. The hotspot must be a point within the source Barddatch error results.

The components of the cursor can be transformed arbitrarily to meet display limitations. The
pixmaps can be freed immediately if no further explicit references to them are to be made. Sub-
seqguent drawing in the source or mask pixmap has an undefined effect on the cursor. The X
server might or might not make a copy of the pixmap.

XCreatePixmapCursor can generat®adAlloc and BadPixmap errors.

To determine useful cursor sizes, d&@ueryBestCursor.
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Status XQueryBestCursatigplay, d, width, height, width_return height_returr)
Display *display;,
Drawabled;
unsigned intvidth, height,
unsigned int tvidth_return *height_return

display Specifies the connection to the X server.

d Specifies the drawable, which indicates the screen.

width

height Specify the width and height of the cursor that you want the size information for.

width_return
height_return Return the best width and height that is closest to the specified width and height.

Some displays allow larger cursors than other displays. XtheeryBestCursor function pro-

vides a way to find out what size cursors are actually possible on the display. It returns the largest
size that can be displayed. Applications should be prepared to use smaller cursors on displays
that cannot support large ones.

XQueryBestCursor can generate BadDrawable error.
To change the color of a given cursor, d§eecolorCursor.

XRecolorCursordisplay, cursor, foreground_color background_coloy
Display *display;
Cursorcursor;
XColor *foreground_color *background_color

display Specifies the connection to the X server.

cursor Specifies the cursor.

foreground_color
Specifies the RGB values for the foreground of the source.

background_color
Specifies the RGB values for the background of the source.

The XRecolorCursor function changes the color of the specified cursor, and if the cursor is
being displayed on a screen, the change is visible immediately. The pixel members of the
XColor structures are ignored; only the RGB values are used.

XRecolorCursor can generate BadCursor error.

To free (destroy) a given cursor, usEreeCursor.
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XFreeCursordisplay, cursor)

Display *display;,

Cursorcursor;
display Specifies the connection to the X server.
cursor Specifies the cursor.

The XFreeCursor function deletes the association between the cursor resource ID and the speci-
fied cursor. The cursor storage is freed when no other resource references it. The specified cursor
ID should not be referred to again.

XFreeCursor can generate BadCursor error.
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Chapter 6

Color Management Functions

Each X window always has an associated colormap that provides a level of indirection between
pixel values and colors displayed on the screen. Xlib provides functions that you can use to
manipulate a colormap. The X protocol defines colors using values in the RGB color space. The
RGB color space is device-dependent; rendering an RGB value on differing output devices typi-
cally results in different colors. Xlib also provides a means for clients to specify color using
device-independent color spaces for consistent results across devices. Xlib supports device-
independent color spaces derivable from the CIE XYZ color space. This includes the CIE XYZ,
xyY, L*u*v*, and L*a*b* color spaces as well as the TekHVC color space.

This chapter discusses how to:

. Create, copy, and destroy a colormap
. Specify colors by name or value

. Allocate, modify, and free color cells
. Read entries in a colormap

. Convert between color spaces

. Control aspects of color conversion

. Query the color gamut of a screen

. Add new color spaces

All functions, types, and symbols in this chapter with the prefix “Xcms” are defined in
<X11/Xcms.l>. The remaining functions and types are defined{hl¢Xlib.h>.

Functions in this chapter manipulate the representation of color on the screen. For each possible
value that a pixel can take in a window, there is a color cell in the colormap. For example, if a
window is four bits deep, pixel values 0 through 15 are defined. A colormap is a collection of
color cells. A color cell consists of a triple of red, green, and blue values. The hardware imposes
limits on the number of significant bits in these values. As each pixel is read out of display mem-
ory, the pixel is looked up in a colormap. The RGB value of the cell determines what color is dis-
played on the screen. On a grayscale display with a black-and-white monitor, the values are com-
bined to determine the brightness on the screen.

Typically, an application allocates color cells or sets of color cells to obtain the desired colors.
The client can allocate read-only cells. In which case, the pixel values for these colors can be
shared among multiple applications, and the RGB value of the cell cannot be changed. If the
client allocates read/write cells, they are exclusively owned by the client, and the color associated
with the pixel value can be changed at will. Cells must be allocated (and, if read/write, initialized
with an RGB value) by a client to obtain desired colors. The use of pixel value for an unallocated
cell results in an undefined color.

Because colormaps are associated with windows, X supports displays with multiple colormaps
and, indeed, different types of colormaps. If there are insufficient colormap resources in the dis-
play, some windows will display in their true colors, and others will display with incorrect colors.
A window manager usually controls which windows are displayed in their true colors if more
than one colormap is required for the color resources the applications are using. At any time,
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there is a set of installed colormaps for a screen. Windows using one of the installed colormaps
display with true colors, and windows using other colormaps generally display with incorrect col-
ors. You can control the set of installed colormaps by uxingtallColormap and
XUninstallColormap .

Colormaps are local to a particular screen. Screens always have a default colormap, and pro-
grams typically allocate cells out of this colormap. Generally, you should not write applications
that monopolize color resources. Although some hardware supports multiple colormaps installed
at one time, many of the hardware displays built today support only a single installed colormap,
so the primitives are written to encourage sharing of colormap entries between applications.

The DefaultColormap macro returns the default colormap. TbhefaultVisual macro returns
the default visual type for the specified screen. Possible visual typ8taticGray,
GrayScale, StaticColor, PseudoColor, TrueColor, or DirectColor (see section 3.1).

6.1. Color Structures
Functions that operate only on RGB color space values uX€alor structure, which contains:

typedef struct {
unsigned long pixel; * pixel value */
unsigned short red, green, blue; /* rgb values */
char flags; /* DoRed, DoGreen, DoBlue */
char pad;
} XColor;

The red, green, and blue values are always in the range 0 to 65535 inclusive, independent of the
number of bits actually used in the display hardware. The server scales these values down to the
range used by the hardware. Black is represented by (0,0,0), and white is represented by
(65535,65535,65535). In some functions, the flags member controls which of the red, green, and
blue members is used and can be the inclusive OR of zero or mboRefd, DoGreen, and

DoBlue.

Functions that operate on all color space values udemasColor structure. This structure con-
tains a union of substructures, each supporting color specification encoding for a particular color
space. Like theXColor structure, theXcmsColor structure contains pixel and color specifica-

tion information (the spec member in tiemsColor structure).
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typedef unsigned long XcmsColorFormat;/* Color Specification Format */

typedef struct {
union {
XcmsRGB RGB;
XcmsRGBI RGB;;
XemsCIEXYZ CIEXYZ;
XemsCIEuvY CIEuvY;
XcmsCIExyY CIEXYY;
XemsClELab CIELab;
XemsCIELuv CIELuv;
XcmsTekHVC TekHVC;
XcmsPad Pad;
} spec;
unsigned long pixel,
XcmsColorFormat format;
} XemsColor; [* Xcms Color Structure */

Because the color specification can be encoded for the various color spaces, encoding for the spec
member is identified by the format member, which is of t{pesColorFormat. The following
macros define standard formats.

#define  XcmsUndefinedFor- 0x00000000

mat
#define  XcmsCIEXYZFormat 0x00000001 [* CIE XYZ */
#define  XcmsCIEuvYFormat 0x00000002 [* CIE uV'Y */
#define  XcmsCIExyYFormat 0x00000003 I* CIE xyY */
#define  XcmsCIELabFormat 0x00000004 [* CIE L*a*b* */
#define  XcmsCIELuvFormat 0x00000005 [* CIE L*u*v* */
#define  XcmsTekHVCFormat 0x00000006 [* TekHVC */
#define  XcmsRGBFormat 0x80000000 /* RGB Device */
#define  XcmsRGBiFormat 0x80000001 /* RGB Intensity */

Formats for device-independent color spaces are distinguishable from those for device-dependent
spaces by the 32nd bit. If this bit is set, it indicates that the color specification is in a device-
dependent form; otherwise, it is in a device-independent form. If the 31st bit is set, this indicates
that the color space has been added to Xlib at run time (see section 6.12.4). The format value for
a color space added at run time may be different each time the program is executed. If references
to such a color space must be made outside the client (for example, storing a color specification in
a file), then reference should be made by color space string prefiXdsed-ormatOfPrefix

and XcmsPrefixOfFormat).

Data types that describe the color specification encoding for the various color spaces are defined
as follows:
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typedef double XcmsFloat;

typedef struct {
unsigned short red;

unsigned short green;

unsigned short blue;
} XcmsRGB;

typedef struct {
XcmsFloat red;
XcmsFloat green;
XcmsFloat blue;
} XcmsRGBi;

typedef struct {
XcmsFloat X;
XcmsFloat VY:
XcmsFloat Z;
} XemsCIEXYZ;

typedef struct {
XcmsFloat u_prime;
XcmsFloat v_prime;
XcmsFloat Y;

} XcmsCIEuvY,;

typedef struct {
XcmsFloat x;
XcmsFloat y;
XcmsFloat Y;
} XcmsCIEXyY;

typedef struct {
XcmsFloat L_star;
XcmsFloat a_star;
XcmsFloat b_star;
} XcmsCIELab;

typedef struct {
XcmsFloat L_star;
XcmsFloat u_star;
XcmsFloat v_star;
} XemsCIELuy;

typedef struct {
XcmsFloat H;
XcmsFloat V;

/* 0x0000 tofek*/

/¥ 0x0000 toffbex/

/* 0x0000 toftk*/
/* RGB Device */

/*0.0to 1.0 */
/*0.0to 1.0 */
/*0.0to 1.0 %/

/* RGB Intensity */

/*0.0to 1.0 */

I* CIE XYZ */

/*0.0t0 0.6 */

/*0.0t0 0.6 */
/¥0.0t0 1.0 */
[* CIE uv'Y */

/*0.0to".75 */
/*0.0to ".85*/
/*0.0to 1.0 */
[* CIE xyY */

/*0.0 to 100.0 */

[* CIE L*a*b* */

/*0.0 to 100.0 */

[* CIE L*u*v* */

/*0.0 to 360.0 */
/*0.0 to 100.0 */
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XcmsFloat C; /* 0.0 to 100.0 */
} XemsTekHVC,; [* TekHVC */
typedef struct {

XcmsFloat padO;
XcmsFloat padi;
XcmsFloat pad2;
XcmsFloat pad3;
} XcmsPad; /* four doubles */

The device-dependent formats provided allow color specification in:
. RGB Intensity KcmsRGBI)

Red, green, and blue linear intensity values, floating-point values from 0.0 to 1.0, where 1.0
indicates full intensity, 0.5 half intensity, and so on.

. RGB Device EcmsRGB)

Red, green, and blue values appropriate for the specified output d¥eitesRGB values
are of type unsigned short, scaled from 0 to 65535 inclusive, and are interchangeable with
the red, green, and blue values in&Dolor structure.

It is important to note that RGB Intensity values are not gamma corrected values. In contrast,
RGB Device values generated as a result of converting color specifications are always gamma
corrected, and RGB Device values acquired as a result of querying a colormap or passed in by the
client are assumed by Xlib to be gamma corrected. TheR&Bvaludn this manual always

refers to an RGB Device value.

6.2. Color Strings

Xlib provides a mechanism for using string names for colors. A color string may either contain
an abstract color name or a numerical color specification. Color strings are case-insensitive.

Color strings are used in the following functions:
. XAllocNamedColor

. XcmsAllocNamedColor

. XLookupColor

. XcmsLookupColor
. XParseColor
. XStoreNamedColor

Xlib supports the use of abstract color names, for example, red or blue. A value for this abstract
name is obtained by searching one or more color name databases. Xlib first searches zero or
more client-side databases; the number, location, and content of these databases is implementa-
tion dependent and might depend on the current locale. If the name is not found, Xlib then looks
for the color in the X server’s database. If the color name is not in the Host Portable Character
Encoding the result is implementation dependent.

A numerical color specification consists of a color space name and a set of values in the following
syntax:
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<color_space_namexvalue>/.../<value>

The following are examples of valid color strings.

"CIEXYZ:0.3227/0.28133/0.2493"
"RGBIi:1.0/0.0/0.0"

"rgb:00/ff/00"
"CIELuv:50.0/0.0/0.0"

The syntax and semantics of numerical specifications are given for each standard color space in
the following sections.

6.2.1. RGB Device String Specification

An RGB Device specification is identified by the prefix “rgh:” and conforms to the following
syntax:

rgb:<red>/<green>/<blue>

<red>, <green>, <blue> := h | hh| hhh| hhhh
h := single hexadecimal digits (case insignificant)

Note thath indicates the value scaled in 4 bl the value scaled in 8 bitshhthe value scaled
in 12 bits, andhhhhthe value scaled in 16 bits, respectively.

Typical examples are the strings “rgb:ea/75/52” and “rgb:ccc/320/320”, but mixed numbers of
hexadecimal digit strings (“rgb:ff/a5/0” and “rgb:ccc/32/0") are also allowed.

For backward compatibility, an older syntax for RGB Device is supported, but its continued use is
not encouraged. The syntax is an initial sharp sign character followed by a numeric specification,
in one of the following formats:

#RGB (4 bits each)
#RRGGBB (8 bits each)
#RRRGGGBBB (12 bits each)
#RRRRGGGGBBBB (16 bits each)

The R, G, and B represent single hexadecimal digits. When fewer than 16 bits each are specified,
they represent the most-significant bits of the value (unlike the “rgb:” syntax, in which values are
scaled). For example, the string “#3a7” is the same as “#3000a0007000".

6.2.2. RGB Intensity String Specification

An RGB intensity specification is identified by the prefix “rgbi:” and conforms to the following
syntax:

rgbi:<red>/<green>/<blue>

Note that red, green, and blue are floating-point values between 0.0 and 1.0, inclusive. The input
format for these values is an optional sign, a string of numbers possibly containing a decimal
point, and an optional exponent field containing an E or e followed by a possibly signed integer
string.
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6.2.3. Device-Independent String Specifications
The standard device-independent string specifications have the following syntax:

CIEXYZ:<X>/I<Y>/<Z>
CIEuvY:<u>/<v>/<Y>
CIExyY:<x>/<y>/<Y>
CIELabxL>/<a>/<b>
CIELuv:<L>/<u>/<v>
TekHVC<H>/<V>/<C>

All of the values (C, H, V, X, Y, Z, a, b, u, v, y, X) are floating-point values. The syntax for these
values is an optional plus or minus sign, a string of digits possibly containing a decimal point, and
an optional exponent field consisting of an “E” or “e” followed by an optional plus or minus fol-
lowed by a string of digits.

6.3. Color Conversion Contexts and Gamut Mapping

When Xlib converts device-independent color specifications into device-dependent specifications
and vice-versa, it uses knowledge about the color limitations of the screen hardware. This infor-
mation, typically called the device profile, is available in a Color Conversion Context (CCC).

Because a specified color may be outside the color gamut of the target screen and the white point
associated with the color specification may differ from the white point inherent to the screen, Xlib
applies gamut mapping when it encounters certain conditions:

. Gamut compression occurs when conversion of device-independent color specifications to
device-dependent color specifications results in a color out of the target screen’s gamut.

. White adjustment occurs when the inherent white point of the screen differs from the white
point assumed by the client.

Gamut handling methods are stored as callbacks in the CCC, which in turn are used by the color
space conversion routines. Client data is also stored in the CCC for each callback. The CCC also
contains the white point the client assumes to be associated with color specifications (that is, the
Client White Point). The client can specify the gamut handling callbacks and client data as well
as the Client White Point. Xlib does not preclude the X client from performing other forms of
gamut handling (for example, gamut expansion); however, Xlib does not provide direct support

for gamut handling other than white adjustment and gamut compression.

Associated with each colormap is an initial CCC transparently generated by Xlib. Therefore,
when you specify a colormap as an argument to an Xlib function, you are indirectly specifying a
CCC. There is a default CCC associated with each screen. Newly created CCCs inherit attributes
from the default CCC, so the default CCC attributes can be modified to affect new CCCs.

Xcms functions in which gamut mapping can occur refatus and have specific status values
defined for them, as follows:

. XcmsFailure indicates that the function failed.

. XcmsSuccessndicates that the function succeeded. In addition, if the function performed
any color conversion, the colors did not need to be compressed.

. XcmsSuccessWithCompressiomdicates the function performed color conversion and at

least one of the colors needed to be compressed. The gamut compression method is deter-
mined by the gamut compression procedure in the CCC that is specified directly as a func-
tion argument or in the CCC indirectly specified by means of the colormap argument.
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6.4. Creating, Copying, and Destroying Colormaps
To create a colormap for a screen, X€&reateColormap.

Colormap XCreateColormagdisplay, w, visual, alloc)

Display *display,
Window w;
Visual *visual;
int alloc;
display Specifies the connection to the X server.
w Specifies the window on whose screen you want to create a colormap.
visual Specifies a visual type supported on the screen. If the visual type is not one sup-
ported by the screen,BadMatch error results.
alloc Specifies the colormap entries to be allocated. You canAlkssNone or
AllocAll .

The XCreateColormap function creates a colormap of the specified visual type for the screen on
which the specified window resides and returns the colormap ID associated with it. Note that the
specified window is only used to determine the screen.

The initial values of the colormap entries are undefined for the visual classgScale,
PseudoColor, andDirectColor. For StaticGray, StaticColor, andTrueColor, the entries

have defined values, but those values are specific to the visual and are not defined by X. For
StaticGray, StaticColor, andTrueColor, alloc must beAllocNone, or aBadMatch error

results. For the other visual classes, if allodliscNone, the colormap initially has no allocated
entries, and clients can allocate them. For information about the visual types, see section 3.1.

If alloc is AllocAll , the entire colormap is allocated writable. The initial values of all allocated
entries are undefined. F@rayScaleandPseudoColor, the effect is as if aXAllocColorCells

call returned all pixel values from zero to N — 1, where N is the colormap entries value in the
specified visual. FoDirectColor, the effect is as if aXAllocColorPlanes call returned a pixel

value of zero and red_mask, green_mask, and blue_mask values containing the same bits as the
corresponding masks in the specified visual. However, in all cases, none of these entries can be
freed by usingKFreeColors.

XCreateColormap can generat8adAlloc, BadMatch, BadValue, andBadWindow errors.

To create a new colormap when the allocation out of a previously shared colormap has failed
because of resource exhaustion, ¥&mpyColormapAndFree.

Colormap XCopyColormapAndFrediéplay, colormap
Display *display;,
Colormapcolormap
display Specifies the connection to the X server.
colormap Specifies the colormap.

The XCopyColormapAndFree function creates a colormap of the same visual type and for the
same screen as the specified colormap and returns the new colormap ID. It also moves all of the
client’s existing allocation from the specified colormap to the new colormap with their color
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values intact and their read-only or writable characteristics intact and frees those entries in the
specified colormap. Color values in other entries in the new colormap are undefined. If the speci-
fied colormap was created by the client with alloc s&lkocAll , the new colormap is also cre-

ated withAllocAll , all color values for all entries are copied from the specified colormap, and

then all entries in the specified colormap are freed. If the specified colormap was not created by
the client withAllocAll , the allocations to be moved are all those pixels and planes that have

been allocated by the client usiXgllocColor , XAllocNamedColor, XAllocColorCells, or
XAllocColorPlanes and that have not been freed since they were allocated.

XCopyColormapAndFree can generatBadAlloc andBadColor errors.
To destroy a colormap, usé-reeColormap.

XFreeColormapdisplay, colormap)
Display *display,
Colormapcolormap

display Specifies the connection to the X server.
colormap Specifies the colormap that you want to destroy.

The XFreeColormap function deletes the association between the colormap resource ID and the
colormap and frees the colormap storage. However, this function has no effect on the default col-
ormap for a screen. If the specified colormap is an installed map for a screen, it is uninstalled
(seeXUninstallColormap). If the specified colormap is defined as the colormap for a window

(by XCreateWindow, XSetWindowColormap, or XChangeWindowAttributes), XFreeCol-

ormap changes the colormap associated with the windoWaoe and generates @olormap-

Notify event. X does not define the colors displayed for a window with a colornmapnef

XFreeColormap can generate BadColor error.

6.5. Mapping Color Names to Values

To map a color name to an RGB value, X¢®okupColor .

87



Xlib — C Library X11, Release 6

Status XLookupColodisplay, colormap color_nameexact_def_returnscreen_def retum
Display *display;,
Colormapcolormap
char *tolor_name
XColor *exact_def return*screen_def return

display Specifies the connection to the X server.
colormap Specifies the colormap.

color_name Specifies the color name string (for example, red) whose color definition struc-
ture you want returned.

exact_def_return
Returns the exact RGB values.

screen_def _return
Returns the closest RGB values provided by the hardware.

The XLookupColor function looks up the string name of a color with respect to the screen asso-
ciated with the specified colormap. It returns both the exact color values and the closest values
provided by the screen with respect to the visual type of the specified colormap. If the color
name is not in the Host Portable Character Encoding, the result is implementation dependent.
Use of uppercase or lowercase does not makkaokupColor returns nonzero if the name is
resolved; otherwise, it returns zero.

XLookupColor can generate BadColor error.
To map a color name to the exact RGB value, XRarseColor.

Status XParseColod(splay, colormap speg exact_def returh
Display *display,
Colormapcolormap
char *speg
XColor *exact_def _return

display Specifies the connection to the X server.
colormap Specifies the colormap.
spec Specifies the color name string; case is ignored.

exact_def_return
Returns the exact color value for later use and set®dafRed, DoGreen, and
DoBlue flags.

The XParseColor function looks up the string name of a color with respect to the screen associ-
ated with the specified colormap. It returns the exact color value. If the color name is not in the
Host Portable Character Encoding, the result is implementation dependent. Use of uppercase or
lowercase does not matteXParseColor returns nonzero if the name is resolved; otherwise, it
returns zero.

XParseColor can generate BadColor error.

To map a color name to a value in an arbitrary color spacésamsLookupColor.
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Status XcmsLookupColodfsplay, colormap color_string, color_exact_returncolor_screen_return
result_formaj
Display *display;
Colormapcolormagp
char *color_string;
XcmsColor *tolor_exact_return*color_screen_return
XcmsColorFormatesult_format

display Specifies the connection to the X server.
colormap Specifies the colormap.
color_string  Specifies the color string.

color_exact_return
Returns the color specification parsed from the color string or parsed from the
corresponding string found in a color name database.

color_screen_return
Returns the color that can be reproduced on the screen.

result_format Specifies the color format for the returned color specifications
(color_screen_return and color_exact_return arguments). If the forikains
sUndefinedFormatand the color string contains a numerical color specification,
the specification is returned in the format used in that numerical color specifica-
tion. If the format isXcmsUndefinedFormatand the color string contains a
color name, the specification is returned in the format used to store the color in
the database.

The XcmsLookupColor function looks up the string name of a color with respect to the screen
associated with the specified colormap. It returns both the exact color values and the closest val-
ues provided by the screen with respect to the visual type of the specified colormap. The values
are returned in the format specified by result_format. If the color name is not in the Host Portable
Character Encoding, the result is implementation dependent. Use of uppercase or lowercase does
not matter. XcmsLookupColor returnsXcmsSucces®r XcmsSuccessWithCompressioif

the name is resolved; otherwise, it retuktsnsFailure. If XcmsSuccessWithCompressiois

returned, the color specification returned in color_screen_return is the result of gamut compres-
sion.

6.6. Allocating and Freeing Color Cells

There are two ways of allocating color cells: explicitly as read-only entries, one pixel value at a
time, or read/write, where you can allocate a number of color cells and planes simultaneously. A
read-only cell has its RGB value set by the server. Read/write cells do not have defined colors
initially; functions described in the next section must be used to store values into them. Although
it is possible for any client to store values into a read/write cell allocated by another client,
read/write cells normally should be considered private to the client that allocated them.

Read-only colormap cells are shared among clients. The server counts each allocation and free of
the cell by clients. When the last client frees a shared cell, the cell is finally deallocated. If a sin-
gle client allocates the same read-only cell multiple times, the server counts each such allocation,
not just the first one.

To allocate a read-only color cell with an RGB value, XisélocColor .
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Status XAllocColor{isplay, colormap screen_in_out
Display *display;,
Colormapcolormap
XColor *screen_in_out

display Specifies the connection to the X server.
colormap Specifies the colormap.
screen_in_out Specifies and returns the values actually used in the colormap.

The XAllocColor function allocates a read-only colormap entry corresponding to the closest
RGB value supported by the hardwad@AllocColor returns the pixel value of the color closest

to the specified RGB elements supported by the hardware and returns the RGB value actually
used. The corresponding colormap cell is read-only. In addiétipcColor returns nonzero

if it succeeded or zero if it failed. Multiple clients that request the same effective RGB value can
be assigned the same read-only entry, thus allowing entries to be shared. When the last client
deallocates a shared cell, it is deallocat¥éllocColor does not use or affect the flags in the
XColor structure.

XAllocColor can generate BadColor error.
To allocate a read-only color cell with a color in arbitrary format,XasAllocColor.

Status XcmsAllocColordisplay, colormap color_in_out result_formaj
Display *display;,
Colormapcolormap
XcmsColor *tolor_in_out
XcmsColorFormatesult_format

display Specifies the connection to the X server.
colormap Specifies the colormap.

color_in_out Specifies the color to allocate and returns the pixel and color that is actually used
in the colormap.

result_format Specifies the color format for the returned color specification.

The XcmsAllocColor function is similar toXAllocColor except the color can be specified in

any format. TheXxcmsAllocColor function ultimately callsXAllocColor to allocate a read-only
color cell (colormap entry) with the specified coldicmsAllocColor first converts the color
specified to an RGB value and then passes thiAttmcColor . XcmsAllocColor returns the

pixel value of the color cell and the color specification actually allocated. This returned color
specification is the result of converting the RGB value returnedMpcColor into the format
specified with the result_format argument. If there is no interest in a returned color specification,
unnecessary computation can be bypassed if result_format isxangRGBFormat. The cor-
responding colormap cell is read-only. If this routine retiomsFailure, the color_in_out

color specification is left unchanged.

XcmsAllocColor can generate BadColor error.

To allocate a read-only color cell using a color name and return the closest color supported by the
hardware in RGB format, us€AllocNamedColor.
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Status XAllocNamedColodjsplay, colormap color_name screen_def returrexact_def returh
Display *display;,
Colormapcolormap
char *tolor_name
XColor *screen_def_returytexact_def_return

display Specifies the connection to the X server.
colormap Specifies the colormap.

color_ name Specifies the color name string (for example, red) whose color definition struc-
ture you want returned.

screen_def_return
Returns the closest RGB values provided by the hardware.

exact_def return
Returns the exact RGB values.

The XAllocNamedColor function looks up the named color with respect to the screen that is
associated with the specified colormap. It returns both the exact database definition and the clos-
est color supported by the screen. The allocated color cell is read-only. The pixel value is
returned in screen_def_return. If the color name is not in the Host Portable Character Encoding,
the result is implementation dependent. Use of uppercase or lowercase does not matter. If
screen_def _return and exact_def_return point to the same structure, the pixel field will be set cor-
rectly but the color values are undefinediAllocNamedColor returns nonzero if a cell is allo-

cated; otherwise, it returns zero.

XAllocNamedColor can generate BadColor error.

To allocate a read-only color cell using a color name and return the closest color supported by the
hardware in an arbitrary format, uXemsAllocNamedColor.
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Status XcmsAllocNamedColad{splay, colormap color_string, color_screen_returncolor_exact_return
result_formaj
Display *display;,
Colormapcolormagp
char *color_string;
XcmsColor *tolor_screen_return
XcmsColor *tolor_exact_return
XcmsColorFormatesult_format

display Specifies the connection to the X server.
colormap Specifies the colormap.
color_string  Specifies the color string whose color definition structure is to be returned.

color_screen_return
Returns the pixel value of the color cell and color specification that actually is
stored for that cell.

color_exact_return
Returns the color specification parsed from the color string or parsed from the
corresponding string found in a color name database.

result_format Specifies the color format for the returned color specifications
(color_screen_return and color_exact_return arguments). If the forideainis
sUndefinedFormatand the color string contains a numerical color specification,
the specification is returned in the format used in that numerical color specifica-
tion. If the format isXcmsUndefinedFormatand the color string contains a
color name, the specification is returned in the format used to store the color in
the database.

The XcmsAllocNamedColor function is similar toXAllocNamedColor except the color

returned can be in any format specified. This function ultimately ¥&llkocColor to allocate a
read-only color cell with the color specified by a color string. The color string is parsed into an
XcmsColor structure (se&XcmsLookupColor), converted to an RGB value, and finally passed
to XAllocColor . If the color name is not in the Host Portable Character Encoding, the result is
implementation dependent. Use of uppercase or lowercase does not matter.

This function returns both the color specification as a result of parsing (exact specification) and
the actual color specification stored (screen specification). This screen specification is the result
of converting the RGB value returned KllocColor into the format specified in result_format.

If there is no interest in a returned color specification, unnecessary computation can be bypassed
if result_format is set t&cmsRGBFormat. If color_screen_return and color_exact_return point

to the same structure, the pixel field will be set correctly but the color values are undefined.

XcmsAllocNamedColor can generate BadColor error.

To allocate read/write color cell and color plane combinations RgeaidoColormodel, use
XAllocColorCells.
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Status XAllocColorCellsdisplay colormap contig, plane_masks_returmplanes
pixels_return npixels
Display *display;,
Colormapcolormagp
Bool contig;
unsigned longlane_masks_retufiy
unsigned inhplanes
unsigned longixels_returfy;
unsigned inhpixels

display Specifies the connection to the X server.
colormap Specifies the colormap.
contig Specifies a Boolean value that indicates whether the planes must be contiguous.

plane_mask_return
Returns an array of plane masks.

nplanes Specifies the number of plane masks that are to be returned in the plane masks
array.

pixels_return Returns an array of pixel values.

npixels Specifies the number of pixel values that are to be returned in the pixels_return
array.

The XAllocColorCells function allocates read/write color cells. The number of colors must be
positive and the number of planes nonnegative,BadValue error results. If ncolors and

nplanes are requested, then ncolors pixels and nplane plane masks are returned. No mask will
have any bits set to 1 in common with any other mask or with any of the pixels. By ORing
together each pixel with zero or more masks, ncolof®*™distinct pixels can be produced.

All of these are allocated writable by the request. GmyScale or PseudoColor, each mask

has exactly one bit set to 1. FAdirectColor, each has exactly three bits set to 1. If contig is
True and if all masks are ORed together, a single contiguous set of bits set to 1 will be formed
for GrayScale or PseudoColorand three contiguous sets of bits set to 1 (one within each pixel
subfield) forDirectColor. The RGB values of the allocated entries are undefixgdlocCol-
orCells returns nonzero if it succeeded or zero if it failed.

XAllocColorCells can generat®adColor and BadValue errors.

To allocate read/write color resources fdDiaectColor model, useXAllocColorPlanes.
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Status XAllocColorPlaneslfsplay, colormap contig, pixels_return ncolors, nreds ngreens
nblues rmask_returngmask_returnbmask_returh
Display *display;,
Colormapcolormagp
Bool contig;
unsigned longixels_returi];
int ncolors,
int nreds ngreens nblues
unsigned long fmask_return *gmask_return*bmask_return

display Specifies the connection to the X server.

colormap Specifies the colormap.

contig Specifies a Boolean value that indicates whether the planes must be contiguous.

pixels_return Returns an array of pixel valueXAllocColorPlanes returns the pixel values in
this array.

ncolors Specifies the number of pixel values that are to be returned in the pixels_return
array.

nreds

ngreens

nblues

Specify the number of red, green, and blue planes. The value you pass must be
nonnegative.

rmask_return
gmask_return
bmask_return Return bit masks for the red, green, and blue planes.

The specified ncolors must be positive; and nreds, ngreens, and nblues must be nonnegative, or a
BadValue error results. If ncolors colors, nreds reds, ngreens greens, and nblues blues are
requested, ncolors pixels are returned; and the masks have nreds, ngreens, and nblues bits set to 1,
respectively. If contig iSfrue, each mask will have a contiguous set of bits set to 1. No mask

will have any bits set to 1 in common with any other mask or with any of the pixels. For
DirectColor, each mask will lie within the corresponding pixel subfield. By ORing together sub-
sets of masks with each pixel value, ncolor§™egsnareensnbluey gistinct pixel values can be pro-
duced. All of these are allocated by the request. However, in the colormap, there are only ncol-
ors * 2"®%Sindependent red entries, ncolors™@e"Sindependent green entries, and ncolors *
2"luesindependent blue entries. This is true everMseudoColor. When the colormap entry of

a pixel value is changed (usingstoreColors, XStoreColor, or XStoreNamedColor), the pixel

is decomposed according to the masks, and the corresponding independent entries are updated.
XAllocColorPlanes returns nonzero if it succeeded or zero if it failed.

XAllocColorPlanes can generat8adColor and BadValue errors.

To free colormap cells, usé~reeColors.
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XFreeColorsdisplay, colormap pixels, npixels planeg
Display *display;,
Colormapcolormap
unsigned longixeld];
int npixels
unsigned longlanes

display Specifies the connection to the X server.

colormap Specifies the colormap.

pixels Specifies an array of pixel values that map to the cells in the specified colormap.
npixels Specifies the number of pixels.

planes Specifies the planes you want to free.

The XFreeColors function frees the cells represented by pixels whose values are in the pixels
array. The planes argument should not have any bits set to 1 in common with any of the pixels.
The set of all pixels is produced by ORing together subsets of the planes argument with the pix-
els. The request frees all of these pixels that were allocated by the client@dimcColor ,
XAllocNamedColor, XAllocColorCells, and XAllocColorPlanes). Note that freeing an indi-
vidual pixel obtained fronXAllocColorPlanes may not actually allow it to be reused until all of

its related pixels are also freed. Similarly, a read-only entry is not actually freed until it has been
freed by all clients, and if a client allocates the same read-only entry multiple times, it must free
the entry that many times before the entry is actually freed.

All specified pixels that are allocated by the client in the colormap are freed, even if one or more
pixels produce an error. If a specified pixel is not a valid index into the colornizgy)\&alue

error results. If a specified pixel is not allocated by the client (that is, is unallocated or is only
allocated by another client) or if the colormap was created with all entries writable (by passing
AllocAll to XCreateColormap), a BadAccesserror results. If more than one pixel is in error,

the one that gets reported is arbitrary.

XFreeColors can generatB8adAccess BadColor, andBadValue errors.

6.7. Modifying and Querying Colormap Cells
To store an RGB value in a single colormap cell, XiSeoreColor.

XStoreColor flisplay, colormap color)
Display *display,
Colormapcolormap
XColor *color;

display Specifies the connection to the X server.
colormap Specifies the colormap.
color Specifies the pixel and RGB values.

The XStoreColor function changes the colormap entry of the pixel value specified in the pixel
member of theXColor structure. You specified this value in the pixel member oXi@elor
structure. This pixel value must be a read/write cell and a valid index into the colormap. If a
specified pixel is not a valid index into the colormaBaalVValue error results.XStoreColor
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also changes the red, green, and/or blue color components. You specify which color components
are to be changed by settibpRed, DoGreen, and/orDoBlue in the flags member of the

XColor structure. If the colormap is an installed map for its screen, the changes are visible
immediately.

XStoreColor can generat®adAccess BadColor, and BadValue errors.
To store multiple RGB values in multiple colormap cells, XS¢oreColors.

XStoreColorsdisplay, colormap color, ncolors)
Display *display,
Colormapcolormap
XColor color[];

int ncolors;
display Specifies the connection to the X server.
colormap Specifies the colormap.
color Specifies an array of color definition structures to be stored.
ncolors Specifies the number &Color structures in the color definition array.

The XStoreColors function changes the colormap entries of the pixel values specified in the

pixel members of th&XColor structures. You specify which color components are to be changed
by settingDoRed, DoGreen, and/orDoBlue in the flags member of théColor structures. If

the colormap is an installed map for its screen, the changes are visible immedi&telse Col-

ors changes the specified pixels if they are allocated writable in the colormap by any client, even
if one or more pixels generates an error. If a specified pixel is not a valid index into the colormap,
a BadValue error results. If a specified pixel either is unallocated or is allocated read-only, a
BadAccesserror results. If more than one pixel is in error, the one that gets reported is arbitrary.

XStoreColors can generat®adAccess BadColor, andBadValue errors.
To store a color of arbitrary format in a single colormap cell XgasStoreColor.

Status XcmsStoreColad{splay, colormap, color)
Display *display,
Colormapcolormap
XcmsColor *tolor;

display Specifies the connection to the X server.
colormap Specifies the colormap.
color Specifies the color cell and the color to store. Values specified iK¢his-

Color structure remain unchanged upon return.

The XcmsStoreColor function converts the color specified in tiemsColor structure into

RGB values. It then uses this RGB specification irX@olor structure, whose three flags

(DoRed, DoGreen, andDoBlue) are set, in a call tXStoreColor to change the color cell spec-

ified by the pixel member of thécmsColor structure. This pixel value must be a valid index for

the specified colormap, and the color cell specified by the pixel value must be a read/write cell. If
the pixel value is not a valid index BadValue error results. If the color cell is unallocated or is
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allocated read-only, BadAccesserror results. If the colormap is an installed map for its screen,
the changes are visible immediately.

Note thatXStoreColor has no return value; therefore, ¥omsSuccesseturn value from this
function indicates that the conversion to RGB succeeded and the X&tdoeColor was made.

To obtain the actual color stored, usemsQueryColor. Due to the screen’s hardware limita-
tions or gamut compression, the color stored in the colormap may not be identical to the color
specified.

XcmsStoreColor can generatBadAccess BadColor, andBadValue errors.
To store multiple colors of arbitrary format in multiple colormap cells XsasStoreColors

Status XcmsStoreColordigplay, colormap colors, ncolors, compression_flags_retuyn
Display *display,
Colormapcolormap
XcmsColorcolord[];
int ncolors;
Bool compression_flags_retufh

display Specifies the connection to the X server.
colormap Specifies the colormap.
colors Specifies the color specification arrayXafmsColor structures, each specifying

a color cell and the color to store in that cell. Values specified in the array remain
unchanged upon return.

ncolors Specifies the number ofcmsColor structures in the color specification array.

compression_flags_return
Returns an array of Boolean values indicating compression status. If a non-
NULL pointer is supplied, each element of the array is sétue if the corre-
sponding color was compressed &alse otherwise. Pass NULL if the com-
pression status is not useful.

The XcmsStoreColorsfunction converts the colors specified in the arra)aisColor struc-

tures into RGB values and then uses these RGB specificatidi@oior structures, whose three
flags OoRed, DoGreen, and DoBlue) are set, in a call t&XStoreColors to change the color

cells specified by the pixel member of the correspondicigsColor structure. Each pixel value
must be a valid index for the specified colormap, and the color cell specified by each pixel value
must be a read/write cell. If a pixel value is not a valid indeBadValue error results. If a

color cell is unallocated or is allocated read-onlgamAccesserror results. If more than one

pixel is in error, the one that gets reported is arbitrary. If the colormap is an installed map for its
screen, the changes are visible immediately.

Note thatXStoreColors has no return value; therefore, AomsSuccesseturn value from this
function indicates that conversions to RGB succeeded and the B&8taoeColors was made.

To obtain the actual colors stored, d&ansQueryColors. Due to the screen’s hardware limita-
tions or gamut compression, the colors stored in the colormap may not be identical to the colors
specified.

XcmsStoreColorscan generat®adAccess BadColor, and BadValue errors.

To store a color specified by name in a single colormap cel)X8tmeNamedColor.
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XStoreNamedColomisplay, colormap color, pixel, flags)

Display *display;,
Colormapcolormap
char *color;
unsigned longpixel;
int flags;
display Specifies the connection to the X server.
colormap Specifies the colormap.
color Specifies the color name string (for example, red).
pixel Specifies the entry in the colormap.
flags Specifies which red, green, and blue components are set.

The XStoreNamedColor function looks up the named color with respect to the screen associated
with the colormap and stores the result in the specified colormap. The pixel argument determines
the entry in the colormap. The flags argument determines which of the red, green, and blue com-
ponents are set. You can set this member to the bitwise inclusive OR of tboRitsl,

DoGreen, andDoBlue. If the color name is not in the Host Portable Character Encoding, the
result is implementation dependent. Use of uppercase or lowercase does not matter. If the speci-
fied pixel is not a valid index into the colormapBadValue error results. If the specified pixel

either is unallocated or is allocated read-onlBamAccesserror results.

XStoreNamedColor can generat®adAccess BadColor, BadName, andBadValue errors.

The XQueryColor and XQueryColors functions take pixel values in the pixel member of

XColor structures and store in the structures the RGB values for those pixels from the specified
colormap. The values returned for an unallocated entry are undefined. These functions also set
the flags member in théColor structure to all three colors. If a pixel is not a valid index into

the specified colormap,BadValue error results. If more than one pixel is in error, the one that
gets reported is arbitrary.

To query the RGB value of a single colormap cell, XiQueryColor .

XQueryColor display, colormap def_in_ouj
Display *display,
Colormapcolormap
XColor *def_in_out
display Specifies the connection to the X server.
colormap Specifies the colormap.
def_in_out Specifies and returns the RGB values for the pixel specified in the structure.

The XQueryColor function returns the current RGB value for the pixel inXi@»lor structure
and sets th®oRed, DoGreen, andDoBlue flags.

XQueryColor can generat8adColor andBadValue errors.

To query the RGB values of multiple colormap cells, Xi€aeryColors.
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XQueryColors flisplay, colormap defs_in_outncolors)
Display *display;,
Colormapcolormap
XColordefs_in_oJf;

int ncolors,
display Specifies the connection to the X server.
colormap Specifies the colormap.

defs_in_out Specifies and returns an array of color definition structures for the pixel specified
in the structure.

ncolors Specifies the number &fColor structures in the color definition array.

The XQueryColors function returns the RGB value for each pixel in eX€@wolor structure and
sets theDoRed, DoGreen, andDoBlue flags in each structure.

XQueryColors can generat®adColor and BadValue errors.
To query the color of a single colormap cell in an arbitrary formatXasgesQueryColor.

Status XcmsQueryColod(splay, colormap color_in_out result_formaj
Display *display;,
Colormapcolormap
XcmsColor *tolor_in_out
XcmsColorFormatesult_format
display Specifies the connection to the X server.
colormap Specifies the colormap.

color_in_out Specifies the pixel member that indicates the color cell to query. The color speci-
fication stored for the color cell is returned in tkismsColor structure.

result_format Specifies the color format for the returned color specification.

The XcmsQueryColor function obtains the RGB value for the pixel value in the pixel member

of the specifiedXcmsColor structure and then converts the value to the target format as specified
by the result_format argument. If the pixel is not a valid index in the specified colorBag; a
Value error results.

XcmsQueryColor can generatBadColor and BadValue errors.

To query the color of multiple colormap cells in an arbitrary format XesesQueryColors.
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Status XcmsQueryColordisplay, colormap colors_in_ouf ncolors, result_formaj
Display *display;,
Colormapcolormap
XcmsColorcolors_in_ouf];
unsigned intcolors,
XcmsColorFormatesult_format
display Specifies the connection to the X server.
colormap Specifies the colormap.

colors_in_out Specifies an array ofcmsColor structures, each pixel member indicating the
color cell to query. The color specifications for the color cells are returned in
these structures.

ncolors Specifies the number &fcmsColor structures in the color specification array.
result_format Specifies the color format for the returned color specification.

The XcmsQueryColors function obtains the RGB values for pixel values in the pixel members
of XcmsColor structures and then converts the values to the target format as specified by the
result_format argument. If a pixel is not a valid index into the specified colornizq\éalue

error results. If more than one pixel is in error, the one that gets reported is arbitrary.

XcmsQueryColors can generat®adColor and BadValue errors.

6.8. Color Conversion Context Functions
This section describes functions to create, modify, and query CCCs.

Associated with each colormap is an initial CCC transparently generated by Xlib. Therefore,
when you specify a colormap as an argument to a function, you are indirectly specifying a CCC.
The CCC attributes that can be modified by the X client are:

. Client White Point
. Gamut compression procedure and client data
. White point adjustment procedure and client data

The initial values for these attributes are implementation specific. The CCC attributes for subse-
guently created CCCs can be defined by changing the CCC attributes of the default CCC. There
is a default CCC associated with each screen.

6.8.1. Getting and Setting the Color Conversion Context of a Colormap
To obtain the CCC associated with a colormap,XmasCCCOfColormap.

XecmsCCC XecmsCCCOfColormagisplay, colormap
Display *display;,
Colormapcolormap

display Specifies the connection to the X server.
colormap Specifies the colormap.

The XcmsCCCOfColormap function returns the CCC associated with the specified colormap.
Once obtained, the CCC attributes can be queried or modified. Unless the CCC associated with
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the specified colormap is changed witbmsSetCCCOfColormap, this CCC is used when the
specified colormap is used as an argument to color functions.

To change the CCC associated with a colormapXasesSetCCCOfColormap.

XecmsCCC XcmsSetCCCOfColormagigplay, colormap, ccc)
Display *display;
Colormapcolormagp
XecmsCCCeccc;

display Specifies the connection to the X server.

colormap Specifies the colormap.
cce Specifies the CCC.

The XcmsSetCCCOfColormapfunction changes the CCC associated with the specified col-
ormap. Itreturns the CCC previously associated with the colormap. If they are not used again in
the application, CCCs should be freed by calansFreeCCC. Several colormaps may share

the same CCC without restriction; this includes the CCCs generated by Xlib with each colormap.
Xlib, however, creates a new CCC with each new colormap.

6.8.2. Obtaining the Default Color Conversion Context

You can change the default CCC attributes for subsequently created CCCs by changing the CCC
attributes of the default CCC. A default CCC is associated with each screen.

To obtain the default CCC for a screen, XsensDefaultCCC.

XcmsCCC XcmsDefaultCCGl{splay, screen_number
Display *display;
int screen_number

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

The XcmsDefaultCCC function returns the default CCC for the specified screen. Its visual is
the default visual of the screen. Its initial gamut compression and white point adjustment proce-
dures as well as the associated client data are implementation specific.

6.8.3. Color Conversion Context Macros

Applications should not directly modify any part of tkemsCCC. The following lists the C
language macros, their corresponding function equivalents for other language bindings, and what
data they both can return.
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DisplayOfCCC ¢cc)
XemsCCCccc;

Display *XcmsDisplayOfCCCgcc)
XcmsCCcCeccg;

cce Specifies the CCC.

Both return the display associated with the specified CCC.

VisualOfCCC ¢cc)
XecmsCCCccc;

Visual *XcmsVisualOfCCC¢cc)
XecmsCCCccc;

cce Specifies the CCC.

Both return the visual associated with the specified CCC.

ScreenNumberOfCCE&¢c)
XcmsCCCcecc;

int XcmsScreenNumberOfCCE¢c)
XecmsCCCccc;

cce Specifies the CCC.

Both return the number of the screen associated with the specified CCC.

ScreenWhitePointOfCC@¢c)
XcmsCCCccg;

XcmsColor *XcmsScreenWhitePointOfCCEXC)
XemsCCCccc,

cce Specifies the CCC.

Both return the white point of the screen associated with the specified CCC.

102



Xlib — C Library X11, Release 6

ClientWhitePointOfCCCdcc)
XemsCCCccc;

XcmsColor *XcmsClientWhitePointOfCC@¢c)
XcmsCCcCeccg;

cce Specifies the CCC.

Both return the Client White Point of the specified CCC.

6.8.4. Modifying Attributes of a Color Conversion Context
To set the Client White Point in the CCC, uéamsSetWhitePoint

Status XcmsSetWhitePoirtgc, color)
XecmsCCCeccc;
XcmsColor *tolor;

cce Specifies the CCC.
color Specifies the new Client White Point.

The XcmsSetWhitePointfunction changes the Client White Point in the specified CCC. Note
that the pixel member is ignored and that the color specification is left unchanged upon return.
The format for the new white point must KemsCIEXYZFormat , XcmsCIEuvYFormat,
XcmsCIExyYFormat, or XcmsUndefinedFormat If the color argument is NULL, this func-

tion sets the format component of the Client White Point specification to
XcmsUndefinedFormat, indicating that the Client White Point is assumed to be the same as the
Screen White Point.

This function returns nonzero status if the format for the new white point is valid; otherwise, it
returns zero.

To set the gamut compression procedure and corresponding client data in a specified CCC, use
XcmsSetCompressionProc
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XcmsCompressionProc XecmsSetCompressionRa compression_pracclient_datgd
XcmsCCCeccc;
XcmsCompressionPramompression_prac
XPointerclient_datg

cce Specifies the CCC.

compression_proc
Specifies the gamut compression procedure that is to be applied when a color lies
outside the screen’s color gamut. If NULL is specified and a function using this
CCC must convert a color specification to a device-dependent format and
encounters a color that lies outside the screen’s color gamut, that function will
return XcmsFailure.

client_data  Specifies client data for the gamut compression procedure or NULL.

The XcmsSetCompressionProdunction first sets the gamut compression procedure and client
data in the specified CCC with the newly specified procedure and client data and then returns the
old procedure.

To set the white point adjustment procedure and corresponding client data in a specified CCC, use
XcmsSetWhiteAdjustProc.

XemsWhiteAdjustProc XcmsSetWhiteAdjustProc¢, white_adjust_progcclient_datg
XecmsCCCeccc;
XcmsWhiteAdjustProevhite_adjust_prog
XPointerclient_datg

cce Specifies the CCC.

white_adjust_proc
Specifies the white point adjustment procedure.

client data  Specifies client data for the white point adjustment procedure or NULL.

The XcmsSetWhiteAdjustProc function first sets the white point adjustment procedure and
client data in the specified CCC with the newly specified procedure and client data and then
returns the old procedure.

6.8.5. Creating and Freeing a Color Conversion Context

You can explicitly create a CCC within your application by calltgnsCreateCCC. These
created CCCs can then be used by those functions that explicitly call for a CCC argument. Old
CCCs that will not be used by the application should be freed XsimgFreeCCC.

To create a CCC, usécmsCreateCCC.
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XecmsCCC XcmsCreateCCd@igplay, screen_numbewisual, client_white_pointcompression_prac
compression_client_datavhite_adjust_procwhite_adjust_client_dafa
Display *display;,
int screen_number
Visual *visual;
XcmsColor *tlient_white_point
XcmsCompressionPrammpression_prgc
XPointercompression_client_data
XcmsWhiteAdjustProevhite _adjust_prog
XPointerwhite_adjust_client_data

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

visual Specifies the visual type.
client_white_point
Specifies the Client White Point. If NULL is specified, the Client White Point is

to be assumed to be the same as the Screen White Point. Note that the pixel
member is ignored.

compression_proc
Specifies the gamut compression procedure that is to be applied when a color lies
outside the screen’s color gamut. If NULL is specified and a function using this
CCC must convert a color specification to a device-dependent format and
encounters a color that lies outside the screen’s color gamut, that function will
return XcmsFailure.

compression_client_data
Specifies client data for use by the gamut compression procedure or NULL.

white_adjust_proc
Specifies the white adjustment procedure that is to be applied when the Client
White Point differs from the Screen White Point. NULL indicates that no white
point adjustment is desired.

white_adjust_client_data
Specifies client data for use with the white point adjustment procedure or NULL.
The XcmsCreateCCCfunction creates a CCC for the specified display, screen, and visual.

To free a CCC, us¥cmsFreeCCC.

void XcmsFreeCCQgcc)
XecmsCCCeccc;

cce Specifies the CCC.

The XcmsFreeCCCfunction frees the memory used for the specified CCC. Note that default
CCCs and those currently associated with colormaps are ignored.
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6.9. Converting Between Color Spaces

To convert an array of color specifications in arbitrary color formats to a single destination for-
mat, useXcmsConvertColors.

Status XcmsConvertColorsdc, colors_in_out ncolors, target_format compression_flags_retuyn
XecmsCCCeccc;
XcmsColorcolors_in_ouf];
unsigned intcolors,
XcmsColorFormatarget_format
Bool compression_flags_retufh

cce Specifies the CCC. If conversion is between device-independent color spaces
only (for example, TekHVC to CIELuv), the CCC is necessary only to specify
the Client White Point.

colors_in_out Specifies an array of color specifications. Pixel members are ignored and remain
unchanged upon return.

ncolors Specifies the number ofcmsColor structures in the color specification array.
target_format Specifies the target color specification format.

compression_flags_return
Returns an array of Boolean values indicating compression status. If a non-
NULL pointer is supplied, each element of the array is s&tue if the corre-
sponding color was compressed d&alse otherwise. Pass NULL if the com-
pression status is not useful.

The XcmsConvertColors function converts the color specifications in the specified array of
XcmsColor structures from their current format to a single target format, using the specified
CCC. When the return value ¥cmsFailure, the contents of the color specification array are left
unchanged.

The array may contain a mixture of color specification formats (for example, 3 CIE XYZ, 2 CIE
Luv, and so on). When the array contains both device-independent and device-dependent color
specifications and the target_format argument specifies a device-dependent format (for example,
XcmsRGBiFormat, XemsRGBFormat), all specifications are converted to CIE XYZ format

and then to the target device-dependent format.

6.10. Callback Functions
This section describes the gamut compression and white point adjustment callbacks.

The gamut compression procedure specified in the CCC is called when an attempt to convert a
color specification fromrXcmsCIEXYZ to a device-dependent format (typicalgmsRGBi)

results in a color that lies outside the screen’s color gamut. If the gamut compression procedure
requires client data, this data is passed via the gamut compression client data in the CCC.

During color specification conversion between device-independent and device-dependent color
spaces, if a white point adjustment procedure is specified in the CCC, it is triggered when the
Client White Point and Screen White Point differ. If required, the client data is obtained from the
CCC.
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6.10.1. Prototype Gamut Compression Procedure
The gamut compression callback interface must adhere to the following:

typedef Status (*XcmsCompressionPram), colors_in_ouf ncolors, index, compression_flags_retuyn
XcmsCCCccc;
XcmsColorcolors_in_out[];
unsigned inhcolors,
unsigned intndex
Bool compression_flags_return]

cce Specifies the CCC.

colors_in_out Specifies an array of color specifications. Pixel members should be ignored and
must remain unchanged upon return.

ncolors Specifies the number &fcmsColor structures in the color specification array.

index Specifies the index into the arrayX¢msColor structures for the encountered
color specification that lies outside the screen’s color gamut. Valid values are 0
(for the first element) to ncolors - 1.

compression_flags_return
Returns an array of Boolean values for indicating compression status. If a non-
NULL pointer is supplied and a color at a given index is compressed then
should be stored at the corresponding index in this array; otherwise, the array
should not be modified.

When implementing a gamut compression procedure, consider the following rules and assump-
tions:

. The gamut compression procedure can attempt to compress one or multiple specifications
at a time.

. When called, elements 0 to inde 1 inthe color specification array can be assumed to fall
within the screen’s color gamut. In addition, these color specifications are already in some
device-dependent format (typicalKcmsRGBI). If any modifications are made to these
color specifications, they must be in their initial device-dependent format upon return.

. When called, the element in the color specification array specified by the index argument
contains the color specification outside the screen’s color gamut encountered by the calling
routine. In addition, this color specification can be assumed to ¥ensCIEXYZ .

Upon return, this color specification must bexiemsCIEXYZ .

. When called, elements from index to ncolors — 1 in the color specification array may or
may not fall within the screen’s color gamut. In addition, these color specifications can be
assumed to be iIKcmsCIEXYZ . If any modifications are made to these color specifica-
tions, they must be iXcmsCIEXYZ upon return.

. The color specifications passed to the gamut compression procedure have already been
adjusted to the Screen White Point. This means that at this point the color specification’s
white point is the Screen White Point.

. If the gamut compression procedure uses a device-independent color space not initially
accessible for use in the color management systenXamsAddColorSpaceto insure
that it is added.
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6.10.2. Supplied Gamut Compression Procedures

The following equations are useful in describing gamut compression functions:

CIELab Psychometric Chronrasqrt(a_star’ + b_star?)

(b starU

CIELab Psychometric Hue tan ! ——[

R_star

CIELuv Psychometric Chrommasqrt(u_star® + v_star?)

star
CIELuv Psychometric Hue tarrt ="' 0

Lu_star(

The gamut compression callback procedures provided by Xlib are as follows:

XcmsCIELabClipL

This brings the encountered out-of-gamut color specification into the screen’s color gamut
by reducing or increasing CIE metric lightness (L*) in the CIE L*a*b* color space until the
color is within the gamut. If the Psychometric Chroma of the color specification is beyond
maximum for the Psychometric Hue Angle, then while maintaining the same Psychometric
Hue Angle, the color will be clipped to the CIE L*a*b* coordinates of maximum Psycho-
metric Chroma. SeXcmsCIELabQueryMaxC . No client data is necessary.

XcmsCIELabClipab

This brings the encountered out-of-gamut color specification into the screen’s color gamut
by reducing Psychometric Chroma, while maintaining Psychometric Hue Angle, until the
color is within the gamut. No client data is necessary.

XcmsCIELabClipLab

This brings the encountered out-of-gamut color specification into the screen’s color gamut
by replacing it with CIE L*a*b* coordinates that fall within the color gamut while main-
taining the original Psychometric Hue Angle and whose vector to the original coordinates
is the shortest attainable. No client data is necessary.

XcmsCIELuvClipL

This brings the encountered out-of-gamut color specification into the screen’s color gamut
by reducing or increasing CIE metric lightness (L*) in the CIE L*u*v* color space until the
color is within the gamut. If the Psychometric Chroma of the color specification is beyond
maximum for the Psychometric Hue Angle, then, while maintaining the same Psychometric
Hue Angle, the color will be clipped to the CIE L*u*v* coordinates of maximum Psycho-
metric Chroma. Se&cmsCIELuvQueryMaxC . No client data is necessary.

XcmsCIELuvClipuv

This brings the encountered out-of-gamut color specification into the screen’s color gamut
by reducing Psychometric Chroma, while maintaining Psychometric Hue Angle, until the
color is within the gamut. No client data is necessary.

XcecmsCIELuvClipLuv

This brings the encountered out-of-gamut color specification into the screen’s color gamut
by replacing it with CIE L*u*v* coordinates that fall within the color gamut while main-
taining the original Psychometric Hue Angle and whose vector to the original coordinates
is the shortest attainable. No client data is necessary.
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. XcmsTekHVCClipV

This brings the encountered out-of-gamut color specification into the screen’s color gamut
by reducing or increasing the Value dimension in the TekHVC color space until the color is
within the gamut. If Chroma of the color specification is beyond maximum for the particu-
lar Hue, then, while maintaining the same Hue, the color will be clipped to the Value and
Chroma coordinates that represent maximum Chroma for that particular Hue. No client
data is necessary.

. XcmsTekHVCCIipC

This brings the encountered out-of-gamut color specification into the screen’s color gamut
by reducing the Chroma dimension in the TekHVC color space until the color is within the
gamut. No client data is necessary.

. XcmsTekHVCClipvC

This brings the encountered out-of-gamut color specification into the screen’s color gamut
by replacing it with TekHVC coordinates that fall within the color gamut while maintaining
the original Hue and whose vector to the original coordinates is the shortest attainable. No
client data is necessary.

6.10.3. Prototype White Point Adjustment Procedure
The white point adjustment procedure interface must adhere to the following:

typedef Status (*XcmsWhiteAdjustProc)g, initial_white_point target_white_pointtarget_format
colors_in_out ncolors, compression_flags_retuyn
XemsCCCccc;
XcmsColor #nitial_white_point
XcmsColor *target_white_point
XcmsColorFormatarget_format
XcmsColorcolors_in_out[];
unsigned innhcolors,
Bool compression_flags_return]

cce Specifies the CCC.
initial_white_point
Specifies the initial white point.
target_white_point
Specifies the target white point.
target_format Specifies the target color specification format.

colors_in_out Specifies an array of color specifications. Pixel members should be ignored and
must remain unchanged upon return.

ncolors Specifies the number afcmsColor structures in the color specification array.

compression_flags_return
Returns an array of Boolean values for indicating compression status. If a non-
NULL pointer is supplied and a color at a given index is compressed;Tthen
should be stored at the corresponding index in this array; otherwise, the array
should not be modified.
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6.10.4. Supplied White Point Adjustment Procedures
White point adjustment procedures provided by Xlib are as follows:
. XcmsCIELabWhiteShiftColors

This uses the CIE L*a*b* color space for adjusting the chromatic character of colors to
compensate for the chromatic differences between the source and destination white points.
This procedure simply converts the color specificationsamsCIELab using the source

white point and then converts to the target specification format using the destinations white
point. No client data is necessary.

. XcmsCIELuvWhiteShiftColors

This uses the CIE L*u*v* color space for adjusting the chromatic character of colors to
compensate for the chromatic differences between the source and destination white points.
This procedure simply converts the color specificatiorsamsCIELuv using the source

white point and then converts to the target specification format using the destinations white
point. No client data is necessary.

. XemsTekHVCWhiteShiftColors

This uses the TekHVC color space for adjusting the chromatic character of colors to com-
pensate for the chromatic differences between the source and destination white points. This
procedure simply converts the color specification&amsTekHVC using the source

white point and then converts to the target specification format using the destinations white
point. An advantage of this procedure over those previously described is an attempt to min-
imize hue shift. No client data is necessary.

From an implementation point of view, these white point adjustment procedures convert the color
specifications to a device-independent but white-point-dependent color space (for example, CIE
L*u*v*, CIE L*a*b*, TekHVC) using one white point and then converting those specifications to
the target color space using another white point. In other words, the specification goes in the
color space with one white point but comes out with another white point, resulting in a chromatic
shift based on the chromatic displacement between the initial white point and target white point.
The CIE color spaces that are assumed to be white-point-independent are CIE u'v'Y, CIE XYZ,
and CIE xyY. When developing a custom white point adjustment procedure that uses a device-
independent color space not initially accessible for use in the color management system, use
XcmsAddColorSpaceto insure that it is added.

As an example, if the CCC specifies a white point adjustment procedure and if the Client White
Point and Screen White Point differ, tiemsAllocColor function will use the white point
adjustment procedure twice:

. Once to convert tXcmsRGB
. A second time to convert froddcmsRGB

For example, assume the specification iXémsCIEuvY and the adjustment procedure is
XcmsCIELuvWhiteShiftColors . During conversion t&cmsRGB, the call toXcmsAlloc-
Color results in the following series of color specification conversions:

. From XcmsCIEuvY to XcmsCIELuv using the Client White Point
. From XcmsCIELuv to XemsCIEuvY using the Screen White Point

. From XcmsCIEuvY to XemsCIEXYZ (CIE uVv'Y and XYZ are white-point-independent
color spaces)

. From XcmsCIEXYZ to XcmsRGBi

110



Xlib — C Library X11, Release 6

. From XcmsRGBI to XcmsRGB

The resulting RGB specification is passe&X#dlocColor , and the RGB specification returned
by XAllocColor is converted back t¥cmsCIEuvY by reversing the color conversion sequence.

6.11. Gamut Querying Functions

This section describes the gamut querying functions that Xlib provides. These functions allow
the client to query the boundary of the screen’s color gamut in terms of the CIE L*a*b*, CIE
L*u*v*, and TekHVC color spaces. Functions are also provided that allow you to query the color
specification of:

. White (full intensity red, green, and blue)

. Red (full intensity red while green and blue are zero)

. Green (full intensity green while red and blue are zero)
. Blue (full intensity blue while red and green are zero)

. Black (zero intensity red, green, and blue)

The white point associated with color specifications passed to and returned from these gamut
guerying functions is assumed to be the Screen White Point. This is a reasonable assumption,
because the client is trying to query the screen’s color gamut.

The following naming convention is used for the Max and Min functions:

Xcms<color_spacexXQueryMaxdimensions>

Xcms<color_spacexXueryMinckdimensions>

The <dimensions> consists of a letter or letters that identify the dimensions of the color space that
are not fixed. For examplXcmsTekHVCQueryMaxC is given a fixed Hue and Value for
which maximum Chroma is found.

6.11.1. Red, Green, and Blue Queries

To obtain the color specification for black (zero intensity red, green, and blue), use
XcmsQueryBlack.

Status XcmsQueryBlack¢€c, target_format color_return)
XcmsCCCeccc;
XcmsColorFormatarget_format
XcmsColor *tolor_return;

cce Specifies the CCC. The CCC's Client White Point and white point adjustment
procedures are ignored.
target_format Specifies the target color specification format.

color_return  Returns the color specification in the specified target format for zero intensity
red, green, and blue. The white point associated with the returned color specifi-
cation is the Screen White Point. The value returned in the pixel member is
undefined.

The XcmsQueryBlack function returns the color specification in the specified target format for
zero intensity red, green, and blue.
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To obtain the color specification for blue (full intensity blue while red and green are zero), use
XcmsQueryBlue.

Status XcmsQueryBluegc, target_format color_return)
XcmsCCcCccc;
XcmsColorFormatarget_format
XcmsColor *tolor_return;

cce Specifies the CCC. The CCC'’s Client White Point and white point adjustment
procedures are ignored.

target_format Specifies the target color specification format.

color_return  Returns the color specification in the specified target format for full intensity blue
while red and green are zero. The white point associated with the returned color
specification is the Screen White Point. The value returned in the pixel member
is undefined.

The XcmsQueryBlue function returns the color specification in the specified target format for
full intensity blue while red and green are zero.

To obtain the color specification for green (full intensity green while red and blue are zero), use
XcmsQueryGreen

Status XcmsQueryGreeexdc, target_format color_return)
XcmsCCCeccc;
XcmsColorFormatarget_format
XcmsColor *tolor_return;

ccce Specifies the CCC. The CCC'’s Client White Point and white point adjustment
procedures are ignored.
target_format Specifies the target color specification format.

color_return  Returns the color specification in the specified target format for full intensity
green while red and blue are zero. The white point associated with the returned
color specification is the Screen White Point. The value returned in the pixel
member is undefined.

The XcmsQueryGreenfunction returns the color specification in the specified target format for
full intensity green while red and blue are zero.

To obtain the color specification for red (full intensity red while green and blue are zero), use
XcmsQueryRed
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Status XcmsQueryRed¢c, target_format color_return)
XcmsCCCeccc;
XcmsColorFormatarget_format
XcmsColor *tolor_return;

cce Specifies the CCC. The CCC's Client White Point and white point adjustment
procedures are ignored.
target_format Specifies the target color specification format.

color_return  Returns the color specification in the specified target format for full intensity red
while green and blue are zero. The white point associated with the returned color
specification is the Screen White Point. The value returned in the pixel member
is undefined.

The XcmsQueryRedfunction returns the color specification in the specified target format for
full intensity red while green and blue are zero.

To obtain the color specification for white (full intensity red, green, and blue), use
XcmsQueryWhite.

Status XcmsQueryWhite¢c, target_format color_return)
XcmsCCCccc;
XcmsColorFormatarget_format
XcmsColor *tolor_return;

cce Specifies the CCC. The CCC'’s Client White Point and white point adjustment
procedures are ignored.
target_format Specifies the target color specification format.

color_return  Returns the color specification in the specified target format for full intensity red,
green, and blue. The white point associated with the returned color specification
is the Screen White Point. The value returned in the pixel member is undefined.

The XcmsQueryWhite function returns the color specification in the specified target format for
full intensity red, green, and blue.

6.11.2. CIELab Queries
The following equations are useful in describing the CIELab query functions:

CIELab Psychometric Chronrasqrt(a_star? + b_star?)

. _, b _stard
CIELab Psychometric Hue tan 'o——n
rA_starp

To obtain the CIE L*a*b* coordinates of maximum Psychometric Chroma for a given Psychome-
tric Hue Angle and CIE metric lightness (L*), u§kemsCIELabQueryMaxC .
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Status XcmsCIELabQueryMax€dc, hue_angleL_star, color_return)
XcmsCCCeccc;
XcmsFloathue _angle
XcmsFloatl_star,
XcmsColor *tolor_return;

cce Specifies the CCC. The CCC's Client White Point and white point adjustment
procedures are ignored.

hue_angle Specifies the hue angle (in degrees) at which to find maximum chroma.
L_star Specifies the lightness (L*) at which to find maximum chroma.

color_return  Returns the CIE L*a*b* coordinates of maximum chroma displayable by the
screen for the given hue angle and lightness. The white point associated with the
returned color specification is the Screen White Point. The value returned in the
pixel member is undefined.

The XcmsCIELabQueryMaxC function, given a hue angle and lightness, finds the point of
maximum chroma displayable by the screen. It returns this point in CIE L*a*b* coordinates.

To obtain the CIE L*a*b* coordinates of maximum CIE metric lightness (L*) for a given Psycho-
metric Hue Angle and Psychometric Chroma, ¥sensCIELabQueryMaxL .

Status XcmsCIELabQueryMaxkéc, hue_anglechroma color_return)
XecmsCCCeccc;
XcmsFloathue_angle
XcmsFloatchromg
XcmsColor *tolor_return;

cce Specifies the CCC. The CCC'’s Client White Point and white point adjustment
procedures are ignored.

hue_angle Specifies the hue angle (in degrees) at which to find maximum lightness.
chroma Specifies the chroma at which to find maximum lightness.

color_return Returns the CIE L*a*b* coordinates of maximum lightness displayable by the
screen for the given hue angle and chroma. The white point associated with the
returned color specification is the Screen White Point. The value returned in the
pixel member is undefined.

The XcmsCIELabQueryMaxL function, given a hue angle and chroma, finds the point in CIE
L*a*b* color space of maximum lightness (L*) displayable by the screen. It returns this point in
CIE L*a*b* coordinates. AnXcmsFailure return value usually indicates that the given chroma

is beyond maximum for the given hue angle.

To obtain the CIE L*a*b* coordinates of maximum Psychometric Chroma for a given Psychome-
tric Hue Angle, useXcmsCIELabQueryMaxLC .
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Status XcmsCIELabQueryMaxLE€¢c, hue_anglecolor_return)
XcmsCCCeccc;
XcmsFloathue _angle
XcmsColor *tolor_return;

cce Specifies the CCC. The CCC's Client White Point and white point adjustment
procedures are ignored.

hue_angle Specifies the hue angle (in degrees) at which to find maximum chroma.

color_return Returns the CIE L*a*b* coordinates of maximum chroma displayable by the
screen for the given hue angle. The white point associated with the returned
color specification is the Screen White Point. The value returned in the pixel
member is undefined.

The XcmsCIELabQueryMaxLC function, given a hue angle, finds the point of maximum
chroma displayable by the screen. It returns this point in CIE L*a*b* coordinates.

To obtain the CIE L*a*b* coordinates of minimum CIE metric lightness (L*) for a given Psycho-
metric Hue Angle and Psychometric Chroma, ¥sesCIELabQueryMinL .

Status XcmsCIELabQueryMinlcEc, hue_anglechroma color_return)
XcmsCCCccc;
XcmsFloathue _angle
XcmsFloatchroma
XcmsColor *tolor_return;

cce Specifies the CCC. The CCC's Client White Point and white point adjustment
procedures are ignored.

hue_angle Specifies the hue angle (in degrees) at which to find minimum lightness.

chroma Specifies the chroma at which to find minimum lightness.

color_return  Returns the CIE L*a*b* coordinates of minimum lightness displayable by the
screen for the given hue angle and chroma. The white point associated with the
returned color specification is the Screen White Point. The value returned in the
pixel member is undefined.

The XcmsCIELabQueryMinL function, given a hue angle and chroma, finds the point of mini-
mum lightness (L*) displayable by the screen. It returns this point in CIE L*a*b* coordinates.

An XcmsFailure return value usually indicates that the given chroma is beyond maximum for the
given hue angle.

6.11.3. CIELuv Queries
The following equations are useful in describing the CIELuv query functions:

CIELuv Psychometric Chrommasqrt(u_star® + v_star)

star
CIELuv Psychometric Hue tant vstarg
Y Lu_stard
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To obtain the CIE L*u*v* coordinates of maximum Psychometric Chroma for a given Psychome-
tric Hue Angle and CIE metric lightness (L*), u§emsCIELuvQueryMaxC .

Status XcmsCIELuvQueryMax@¢c, hue_angleL_star, color_return)
XcmsCCcCccc;
XcmsFloathue_angle
XcmsFloatl_star;
XcmsColor *tolor_return;

cce Specifies the CCC. The CCC'’s Client White Point and white point adjustment
procedures are ignored.

hue_angle Specifies the hue angle (in degrees) at which to find maximum chroma.
L_star Specifies the lightness (L*) at which to find maximum chroma.

color_return Returns the CIE L*u*v* coordinates of maximum chroma displayable by the
screen for the given hue angle and lightness. The white point associated with the
returned color specification is the Screen White Point. The value returned in the
pixel member is undefined.

The XcmsCIELuvQueryMaxC function, given a hue angle and lightness, finds the point of
maximum chroma displayable by the screen. It returns this point in CIE L*u*v* coordinates.

To obtain the CIE L*u*v* coordinates of maximum CIE metric lightness (L*) for a given Psycho-
metric Hue Angle and Psychometric Chroma, ¥sensCIELuvQueryMaxL .

Status XcmsCIELuvQueryMaxIcgc, hue_anglechroma, color_return)
XcmsCCCccc;
XcmsFloathue _angle
XcmsFloatchroma
XcmsColor *tolor_return;

cce Specifies the CCC. The CCC's Client White Point and white point adjustment
procedures are ignored.

hue_angle Specifies the hue angle (in degrees) at which to find maximum lightness.
L_star Specifies the lightness (L*) at which to find maximum lightness.

color_return  Returns the CIE L*u*v* coordinates of maximum lightness displayable by the
screen for the given hue angle and chroma. The white point associated with the
returned color specification is the Screen White Point. The value returned in the
pixel member is undefined.

The XcmsCIELuvQueryMaxL function, given a hue angle and chroma, finds the point in CIE
L*u*v* color space of maximum lightness (L*) displayable by the screen. It returns this point in
CIE L*u*v* coordinates. AnXcmsFailure return value usually indicates that the given chroma
is beyond maximum for the given hue angle.

To obtain the CIE L*u*v* coordinates of maximum Psychometric Chroma for a given Psychome-
tric Hue Angle, useXcmsCIELuvQueryMaxLC .
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Status XcmsCIELuvQueryMaxL@¢c, hue_anglecolor_return)
XcmsCCCeccc;
XcmsFloathue _angle
XcmsColor *tolor_return;

cce Specifies the CCC. The CCC's Client White Point and white point adjustment
procedures are ignored.

hue_angle Specifies the hue angle (in degrees) at which to find maximum chroma.

color_return Returns the CIE L*u*v* coordinates of maximum chroma displayable by the
screen for the given hue angle. The white point associated with the returned
color specification is the Screen White Point. The value returned in the pixel
member is undefined.

The XecmsCIELuvQueryMaxLC function, given a hue angle, finds the point of maximum
chroma displayable by the screen. It returns this point in CIE L*u*v* coordinates.

To obtain the CIE L*u*v* coordinates of minimum CIE metric lightness (L*) for a given Psycho-
metric Hue Angle and Psychometric Chroma, ¥smnsCIELuvQueryMinL .

Status XcmsCIELuvQueryMinlgcc, hue_anglechroma, color_return)
XcmsCCCccc;
XcmsFloathue _angle
XcmsFloatchroma
XcmsColor *tolor_return;

cce Specifies the CCC. The CCC's Client White Point and white point adjustment
procedures are ignored.

hue_angle Specifies the hue angle (in degrees) at which to find minimum lightness.

chroma Specifies the chroma at which to find minimum lightness.

color_return  Returns the CIE L*u*v* coordinates of minimum lightness displayable by the
screen for the given hue angle and chroma. The white point associated with the
returned color specification is the Screen White Point. The value returned in the
pixel member is undefined.

The XecmsCIELuvQueryMinL function, given a hue angle and chroma, finds the point of mini-
mum lightness (L*) displayable by the screen. It returns this point in CIE L*u*v* coordinates.

An XcmsFailure return value usually indicates that the given chroma is beyond maximum for the
given hue angle.

6.11.4. TekHVC Queries
To obtain the maximum Chroma for a given Hue and Value XgsesTekHVCQueryMaxC .
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Status XcmsTekHVCQueryMax€¢c, hue, value, color_return)
XcmsCCCeccc;
XcmsFloathue
XcmsFloatvalue
XcmsColor *tolor_return;

cce Specifies the CCC. The CCC's Client White Point and white point adjustment
procedures are ignored.

hue Specifies the Hue in which to find the maximum Chroma.

value Specifies the Value in which to find the maximum Chroma.

color_return  Returns the maximum Chroma along with the actual Hue and Value at which the
maximum Chroma was found. The white point associated with the returned
color specification is the Screen White Point. The value returned in the pixel
member is undefined.

The XcmsTekHVCQueryMaxC function, given a Hue and Value, determines the maximum
Chroma in TekHVC color space displayable by the screen. It returns the maximum Chroma
along with the actual Hue and Value at which the maximum Chroma was found.

To obtain the maximum Value for a given Hue and ChromaXgsesTekHVCQueryMaxV .

Status XcmsTekHVCQueryMax¥¢c, hue, chroma, color_return)
XecmsCCCeccc;
XcmsFloathue;
XcmsFloatchromg
XcmsColor *tolor_return;

cce Specifies the CCC. The CCC'’s Client White Point and white point adjustment
procedures are ignored.

hue Specifies the Hue in which to find the maximum Value.

chroma Specifies the chroma at which to find maximum Value.

color_return  Returns the maximum Value along with the Hue and Chroma at which the maxi-
mum Value was found. The white point associated with the returned color speci-
fication is the Screen White Point. The value returned in the pixel member is
undefined.

The XcmsTekHVCQueryMaxV function, given a Hue and Chroma, determines the maximum
Value in TekHVC color space displayable by the screen. It returns the maximum Value and the
actual Hue and Chroma at which the maximum Value was found.

To obtain the maximum Chroma and Value at which it is reached for a specified Hue, use
XcmsTekHVCQueryMaxVC .
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Status XcmsTekHVCQueryMaxVE¢c, hue, color_return)
XcmsCCCeccc;
XcmsFloathue
XcmsColor *tolor_return;

cce Specifies the CCC. The CCC's Client White Point and white point adjustment
procedures are ignored.
hue Specifies the Hue in which to find the maximum Chroma.

color_return  Returns the color specification in XcmsTekHVC for the maximum Chroma, the
Value at which that maximum Chroma is reached, and the actual Hue at which
the maximum Chroma was found. The white point associated with the returned
color specification is the Screen White Point. The value returned in the pixel
member is undefined.

The XcmsTekHVCQueryMaxVC function, given a Hue, determines the maximum Chroma in
TekHVC color space displayable by the screen and the Value at which that maximum Chroma is
reached. It returns the maximum Chroma, the Value at which that maximum Chroma is reached,
and the actual Hue for which the maximum Chroma was found.

To obtain a specified number of TekHVC specifications such that they contain maximum Values
for a specified Hue and the Chroma at which the maximum Values are reached, use
XcmsTekHVCQueryMaxVSamples.

Status XcmsTekHVCQueryMaxVSamples¢€, hue, colors_return nsample¥
XecmsCCCeccc;
XcmsFloathue;
XcmsColorcolors_return(];
unsigned inhsamples

cce Specifies the CCC. The CCC'’s Client White Point and white point adjustment
procedures are ignored.

hue Specifies the Hue for maximum Chroma/Value samples.

nsamples Specifies the number of samples.

colors_return Returns nsamples of color specifications in XcemsTekHVC such that the Chroma
is the maximum attainable for the Value and Hue. The white point associated
with the returned color specification is the Screen White Point. The value
returned in the pixel member is undefined.

The XcmsTekHVCQueryMaxVSamplesreturns nsamples of maximum Value, the Chroma at
which that maximum Value is reached, and the actual Hue for which the maximum Chroma was
found. These sample points may then be used to plot the maximum Value/Chroma boundary of
the screen’s color gamut for the specified Hue in TekHVC color space.

To obtain the minimum Value for a given Hue and ChromaXeesTekHVCQueryMinV .
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Status XcmsTekHVCQueryMin\&€c, hue, chroma color_return)
XcmsCCCeccc;
XcmsFloathue
XcmsFloatchroma
XcmsColor *tolor_return;

cce Specifies the CCC. The CCC's Client White Point and white point adjustment
procedures are ignored.

hue Specifies the Hue in which to find the minimum Value.

value Specifies the Value in which to find the minimum Value.

color_return  Returns the minimum Value and the actual Hue and Chroma at which the mini-
mum Value was found. The white point associated with the returned color speci-
fication is the Screen White Point. The value returned in the pixel member is
undefined.

The XcmsTekHVCQueryMinV function, given a Hue and Chroma, determines the minimum
Value in TekHVC color space displayable by the screen. It returns the minimum Value and the
actual Hue and Chroma at which the minimum Value was found.

6.12. Color Management Extensions
The Xlib color management facilities can be extended in two ways:
. Device-Independent Color Spaces

Device-independent color spaces that are derivable to CIE XYZ space can be added using
the XcmsAddColorSpacefunction.

. Color Characterization Function Set

A Color Characterization Function Set consists of device-dependent color spaces and their
functions that convert between these color spaces and the CIE XYZ color space, bundled
together for a specific class of output devices. A function set can be added usiegithe
sAddFunctionSetfunction.

6.12.1. Color Spaces

The CIE XYZ color space serves as the hub for all conversions between device-independent and
device-dependent color spaces. Therefore, the knowledge to convamreColor structure to

and from CIE XYZ format is associated with each color space. For example, conversion from
CIE L*u*v* to RGB requires the knowledge to convert from CIE L*u*v* to CIE XYZ and from

CIE XYZ to RGB. This knowledge is stored as an array of functions that, when applied in series,
will convert theXcmsColor structure to or from CIE XYZ format. This color specification con-
version mechanism facilitates the addition of color spaces.

Of course, when converting between only device-independent color spaces or only device-
dependent color spaces, shortcuts are taken whenever possible. For example, conversion from
TekHVC to CIE L*u*v* is performed by intermediate conversion to CIE u*v*Y and then to CIE
L*u*v*, thus bypassing conversion between CIE u*v*Y and CIE XYZ.

6.12.2. Adding Device-Independent Color Spaces
To add a device-independent color space XsasAddColorSpace
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Status XcmsAddColorSpaocedlor_spacé
XcmsColorSpacecolor_space

color_space Specifies the device-independent color space to add.

The XcmsAddColorSpacefunction makes a device-independent color space (actuakgians-
ColorSpacestructure) accessible by the color management system. Because format values for
unregistered color spaces are assigned at run time, they should be treated as private to the client.
If references to an unregistered color space must be made outside the client (for example, storing
color specifications in a file using the unregistered color space), then reference should be made by
color space prefix (seécmsFormatOfPrefix and XcmsPrefixOfFormat).

If the XcmsColorSpacestructure is already accessible in the color management systen,
sAddColorSpacereturnsXcmsSuccess

Note that addeXcmsColorSpaceanust be retained for reference by Xlib.

6.12.3. Querying Color Space Format and Prefix

To obtain the format associated with the color space associated with a specified color string pre-
fix, use XcmsFormatOfPrefix.

XcmsColorFormat XcmsFormatOfPrefperéfix)
char *prefix;

prefix Specifies the string that contains the color space prefix.

The XcmsFormatOfPrefix function returns the format for the specified color space prefix (for
example, the string “CIEXYZ"). The prefix is case-insensitive. If the color space is not accessi-
ble in the color management systedemsFormatOfPrefix returnsXcmsUndefinedFormat

To obtain the color string prefix associated with the color space specified by a color format, use
XcmsPrefixOfFormat.

char *XcmsPrefixOfFormatgrmat)
XcmsColorFormaformat;

format Specifies the color specification format.

The XcmsPrefixOfFormat function returns the string prefix associated with the color specifica-
tion encoding specified by the format argument. Otherwise, if no encoding is found, it returns
NULL. The returned string must be treated as read-only.

6.12.4. Creating Additional Color Spaces

Color space specific information necessary for color space conversion and color string parsing is
stored in anXcmsColorSpacestructure. Therefore, a new structure containing this information

is required for each additional color space. In the case of device-independent color spaces, a han-
dle to this new structure (that is, by means of a global variable) is usually made accessible to the
client program for use with th&écmsAddColorSpacefunction.

If a newXcmsColorSpacestructure specifies a color space not registered with the X Consor-
tium, they should be treated as private to the client because format values for unregistered color
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spaces are assigned at run time. If references to an unregistered color space must be made outside
the client (for example, storing color specifications in a file using the unregistered color space),

then reference should be made by color space prefix@aeFormatOfPrefix and
XcmsPrefixOfFormat).

typedef (*XcmsConversionProc)();
typedef XcmsConversionProc *XcmsFuncListPtr;
/* A NULL terminated list of function pointers*/

typedef struct _XcmsColorSpace {
char *prefix;
XcmsColorFormat format;
XcmsParseStringProc parseString;
XcmsFuncListPtr to_ CIEXYZ;
XcmsFuncListPtr from_CIEXYZ;
int inverse_flag;

} XcmsColorSpace;

The prefix member specifies the prefix that indicates a color string is in this color space’s string
format. For example, the strings “ciexyz” or “CIEXYZ" for CIE XYZ, and “rgb” or “RGB”

for RGB. The prefix is case-insensitive. The format member specifies the color specification for-
mat. Formats for unregistered color spaces are assigned at run time. The parseString member
contains a pointer to the function that can parse a color string ilroraaColor structure. This
function returns an integer (int): nonzero if it succeeded and zero otherwise. The to_CIEXYZ
and from_CIEXYZ members contain pointers, each to a NULL terminated list of function point-
ers. When the list of functions is executed in series, it will convert the color specifieXaman
sColor structure from/to the current color space format to/from the CIE XYZ format. Each func-
tion returns an integer (int): nonzero if it succeeded and zero otherwise. The white point to be
associated with the colors is specified explicitly, even though white points can be found in the
Color Conversion Context. The inverse_flag member, if nonzero, specifies that for each function
listed in to_CIEXYZ, its inverse function can be found in from_CIEXYZ such that:

Given: n = number of functions in each list

for each i, suchthat0 <=i<n
from_CIEXYZ[n - i - 1] is the inverse of to_ CIEXYZ]i].

This allows Xlib to use the shortest conversion path, thus bypassing CIE XYZ if possible (for
example, TekHVC to CIE L*u*v*).

6.12.5. Parse String Callback

The callback in theXcmsColorSpacestructure for parsing a color string for the particular color
space must adhere to the following software interface specification:
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typedef int (*XcmsParseStringProcyor_string color_return)
char *color_string;
XcmsColor *tolor_return;

color_string  Specifies the color string to parse.
color_return  Returns the color specification in the color space’s format.

6.12.6. Color Specification Conversion Callback

Callback functions in th&XcmsColorSpacestructure for converting a color specification
between device-independent spaces must adhere to the following software interface specification:

Status ConversionProedc white_poinf colors_in_outncolors)
XecmsCCCeccc;
XcmsColor white_point
XcmsColor *tolors_in_out
unsigned intcolors,

cce Specifies the CCC.

white_point  Specifies the white point associated with color specifications. The pixel member
should be ignored, and the entire structure remain unchanged upon return.

colors_in_out Specifies an array of color specifications. Pixel members should be ignored and
must remain unchanged upon return.

ncolors Specifies the number &fcmsColor structures in the color specification array.

Callback functions in th&XcmsColorSpacestructure for converting a color specification to or
from a device-dependent space must adhere to the following software interface specification:

Status ConversionProcgc colors_in_outncolors compression_flags_retuyn
XcmsCCcCccc,
XcmsColor *tolors_in_out
unsigned inhcolors,
Bool compression_flags_retufh

cce Specifies the CCC.

colors_in_out Specifies an array of color specifications. Pixel members should be ignored and
must remain unchanged upon return.

ncolors Specifies the number &fcmsColor structures in the color specification array.

compression_flags_return
Returns an array of Boolean values for indicating compression status. If a non-
NULL pointer is supplied and a color at a given index is compressed then
should be stored at the corresponding index in this array; otherwise, the array
should not be modified.

Conversion functions are available globally for use by other color spaces. The conversion func-
tions provided by Xlib are:
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Function

Converts from

Converts to

XcmsCIELabToCIEXYZ
XemsCIELuvToCIEuvY
XcmsCIEXYZToCIELab
XemsCIEXYZToCIEuvY
XemsCIEXYZToCIExyY
XcmsCIEXYZToRGBI
XemsCIEuvYToCIELuv
XcmsCIEuvYToCIEXYZ
XcmsCIEuvYToTekHVC
XcmsCIExyYToCIEXYZ
XcmsRGBToRGBI
XcmsRGBIToCIEXYZ
XcmsRGBIToRGB
XecmsTekHVCToCIEuvY

XcmsCIELabFormat
XemsCIELuvFormat
XcemsCIEXYZFormat
XcmsCIEXYZFormat
XemsCIEXYZFormat
XemsCIEXYZFormat
XemsCIEuvYFormat
XcemsCIEuvYFormat
XemsCIEuvYFormat
XcmsCIExyYFormat
XcmsRGBFormat
XcmsRGBiFormat
XcmsRGBiFormat
XcmsTekHVCFormat

XemsCIEXYZFormat
XcmsCIEuvYFormat
XcmsCIELabFormat
XcmsCIEuvYFormat
XcmsCIExyYFormat
XcmsRGBiFormat
XcmsCIELabFormat
XemsCIEXYZFormat
XcmsTekHVCFormat
XcmsCIEXYZFormat
XcmsRGBiFormat
XemsCIEXYZFormat
XecmsRGBFormat
XcemsCIEuvYFormat

6.12.7. Function Sets

Functions to convert between device-dependent color spaces and CIE XYZ may differ for differ-
ent classes of output devices (for example, color versus gray monitors). Therefore, the notion of a
Color Characterization Function Set has been developed. A function set consists of device-
dependent color spaces and the functions that convert color specifications between these device-
dependent color spaces and the CIE XYZ color space appropriate for a particular class of output
devices. The function set also contains a function that reads color characterization data off root
window properties. Itis this characterization data that will differ between devices within a class

of output devices. For details about how color characterization data is stored in root window
properties, see the section on Device Color Characterization linténeClient Communication
Conventions ManualThe LINEAR_RGB function set is provided by Xlib and will support most
color monitors. Function sets may require data that differs from those needed for the LIN-
EAR_RGB function set. In that case, its corresponding data may be stored on different root win-
dow properties.

6.12.8. Adding Function Sets
To add a function set, usécmsAddFunctionSet

Status XcmsAddFunctionSdtfiction_sex
XcmsFunctionSetftinction_set

function_set Specifies the function set to add.

The XcmsAddFunctionSetfunction adds a function set to the color management system. If the
function set uses device-depend®omsColorSpacestructures not accessible in the color man-
agement system¥cmsAddFunctionSetadds them. If an addedcmsColorSpacestructure is

for a device-dependent color space not registered with the X Consortium, they should be treated
as private to the client because format values for unregistered color spaces are assigned at run
time. If references to an unregistered color space must be made outside the client (for example,
storing color specifications in a file using the unregistered color space), then reference should be
made by color space prefix (sEemsFormatOfPrefix and XcmsPrefixOfFormat).
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Additional function sets should be added before any calls to other Xlib routines are made. If not,
the XcmsPerScrninfo member of a previously create@msCCC does not have the opportunity
to initialize with the added function set.

6.12.9. Creating Additional Function Sets

The creation of additional function sets should be required only when an output device does not
conform to existing function sets or when additional device-dependent color spaces are necessary.
A function set consists primarily of a collection of device-dependlenisColorSpacestruc-

tures and a means to read and store a screen’s color characterization data. This data is stored in
an XcmsFunctionSetstructure. A handle to this structure (that is, by means of global variable)

is usually made accessible to the client program for useXeithsAddFunctionSet

If a function set uses new device-dependérmsColorSpacestructures, they will be transpar-

ently processed into the color management system. Function sets can skemes@olorSpace
structure for a device-dependent color space. In addition, muKptesColorSpacestructures

are allowed for a device-dependent color space; however, a function set can reference only one of
them. TheseXcmsColorSpacestructures will differ in the functions to convert to and from CIE

XYZ, thus tailored for the specific function set.

typedef struct _XcmsFunctionSet {
XcmsColorSpace *DDColorSpaces;
XcmsScreenlnitProc screenlnitProc;
XcmsScreenFreeProc screenFreeProc;
} XcmsFunctionSet;

The DDColorSpaces member is a pointer to a NULL terminated list of pointXisneCol-
orSpacestructures for the device-dependent color spaces that are supported by the function set.
The screenlnitProc member is set to the callback procedure (see the following interface specifica-
tion) that initializes theXcmsPerScrninfo structure for a particular screen.

The screen initialization callback must adhere to the following software interface specification:

typedef Status (*XcmsScreenlnitProdigplay, screen_numbescreen_infd
Display *display;
int screen_number
XcmsPerScrninfo creen_info

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

screen_info  Specifies theXcmsPerScrninfo structure, which contains the per screen infor-
mation.

The screen initialization callback in tdmsFunctionSetstructure fetches the color characteri-
zation data (device profile) for the specified screen, typically off properties on the screen’s root
window. It then initializes the specifieXcmsPerScrninfo structure. If successful, the proce-
dure fills in theXcmsPerScrninfo structure as follows:

. It sets the screenData member to the address of the created device profile data structure
(contents known only by the function set).
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. It next sets the screenWhitePoint member.
. It next sets the functionSet member to the address df¢hesFunctionSetstructure.
. It then sets the state membemtomsinitSuccessand finally returnsKcmsSuccess

If unsuccessful, the procedure sets the state memb@nisinitFailure and returns
XcmsFailure.

The XcmsPerScrninfo structure contains:

typedef struct _XcmsPerScrninfo {
XcmsColor screenWhitePoint;
XPointer functionSet;
XPointer screenData;
unsigned char state;
char pad|3];

} XcmsPerScrninfo;

The screenWhitePoint member specifies the white point inherent to the screen. The functionSet
member specifies the appropriate function set. The screenData member specifies the device pro-
file. The state member is set to one of the following:

. XcmslnitNone indicates initialization has not been previously attempted.

. XcmslnitFailure indicates initialization has been previously attempted but failed.

. XcmslnitSuccessindicates initialization has been previously attempted and succeeded.
The screen free callback must adhere to the following software interface specification:

typedef void (*XcmsScreenFreeProsifeenDatd
XPointerscreenData

screenData  Specifies the data to be freed.

This function is called to free the screenData stored damsPerScrninfo structure.
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Chapter 7

Graphics Context Functions

A number of resources are used when performing graphics operations in X. Maost information
about performing graphics (for example, foreground color, background color, line style, and so

on) is stored in resources called graphics contexts (GC). Most graphics operations (see chapter 8)
take a GC as an argument. Although in theory the X protocol permits sharing of GCs between
applications, it is expected that applications will use their own GCs when performing operations.
Sharing of GCs is highly discouraged because the library may cache GC state.

Graphics operations can be performed to either windows or pixmaps, which collectively are
called drawables. Each drawable exists on a single screen. A GC is created for a specific screen
and drawable depth and can only be used with drawables of matching screen and depth.

This chapter discusses how to:
. Manipulate graphics context/state
. Use GC convenience functions

7.1. Manipulating Graphics Context/State

Most attributes of graphics operations are stored in Graphic Contexts (GCs). These include line
width, line style, plane mask, foreground, background, tile, stipple, clipping region, end style, join
style, and so on. Graphics operations (for example, drawing lines) use these values to determine
the actual drawing operation. Extensions to X may add additional components to GCs. The con-
tents of a GC are private to Xlib.

Xlib implements a write-back cache for all elements of a GC that are not resource IDs to allow

Xlib to implement the transparent coalescing of changes to GCs. For example, &X&adtto

Foreground of a GC followed by a call t&XSetLineAttributes results in only a single-change

GC protocol request to the server. GCs are neither expected nor encouraged to be shared between
client applications, so this write-back caching should present no problems. Applications cannot
share GCs without external synchronization. Therefore, sharing GCs between applications is
highly discouraged.

To set an attribute of a GC, set the appropriate member &fGli@/alues structure and OR in
the corresponding value bitmask in your subsequent cal€teateGC. The symbols for the
value mask bits and theéGCValues structure are:
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/* GC attribute value mask bits */

#define  GCFunction
#define  GCPlaneMask
#define  GCForeground
#define  GCBackground
#define  GCLineWidth
#define  GCLineStyle
#define  GCCapStyle
#define  GCJoinStyle
#define  GCFillStyle
#define  GCFillRule
#define  GCTile
#define  GCStipple
#define  GCTileStipXOrigin
#define  GCTileStipYOrigin
#define  GCFont
#define  GCSubwindowMode
#define  GCGraphicsExposures
#define  GCClipXOrigin
#define  GCClipYOrigin
#define  GCClipMask
#define  GCDashOffset
#define  GCDashList
#define  GCArcMode
[* Values */
typedef struct {

int function;

unsigned long plane_mask;
unsigned long foreground;
unsigned long background;
int line_width;

int line_style;

int cap_style;

int join_style;

int fill_style;

int fill_rule;

int arc_mode;

Pixmap tile;

Pixmap stipple;

int ts_x_origin;
intts_y_origin;

Font font;

int subwindow_mode;
Bool graphics_exposures;
int clip_x_origin;

int clip_y_origin;

Pixmap clip_mask;

int dash_offset;

X11, Release 6

(1L<<0)
(1L<<1)
(1L<<2)
(1L<<3)
(1L<<4)
(1L<<b)
(1L<<6)
(AL<<7)
(1L<<8)
(1L<<9)
(1L<<10)
(1L<<11)
(1L<<12)
(1L<<13)
(1L<<14)
(1L<<15)
(1L<<16)
(1L<<17)
(1L<<18)
(1L<<19)
(1L<<20)
(1L<<21)
(1L<<22)

/* logical operation */
/* plane mask */
* foreground pixel */
/* background pixel */
/* line width (in pixels) */
/* LineSolid, LineOnOffDash, LineDoubleDash */
[* CapNotLast, CapButt, CapRound, CapProjecting */
/* JoinMiter, JoinRound, JoinBevel */
/* FillSolid, FillTiled, FillStippled FillOpaqueStippled*/
/* EvenOddRule, WindingRule */
/* ArcChord, ArcPieSlice */
[* tile pixmap for tiling operations */
/* stipple 1 plane pixmap for stippling */
[* offset for tile or stipple operations */

* default text font for text operations */
/* ClipByChildren, Includelnferiors */
/* boolean, should exposures be generated */
/* origin for clipping */

* bitmap clipping; other calls for rects */
[* patterned/dashed line information */
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char dashes;
} XGCValues;

X11, Release 6

The default GC values are:

Component Default

function GXcopy

plane_mask All ones

foreground 0

background 1

line_width 0

line_style LineSolid

cap_style CapButt

join_style JoinMiter

fill_style FillSolid

fill_rule EvenOddRule

arc_mode ArcPieSlice

tile Pixmap of unspecified size filled with foreground pixel
(that is, client specified pixel if any, else 0)
(subsequent changes to foreground do not affect this pixmap)

stipple Pixmap of unspecified size filled with ones

ts_x_origin 0

ts_y origin 0

font <implementation dependent>

subwindow_mode  ClipByChildren

graphics_exposures True

clip_x_origin 0

clip_y_origin 0

clip_mask None

dash_offset 0

dashes 4 (that is, the list [4, 4])

Note that foreground and background are not set to any values likely to be useful in a window.

The function attributes of a GC are used when you update a section of a drawable (the destina-
tion) with bits from somewhere else (the source). The function in a GC defines how the new des-
tination bits are to be computed from the source bits and the old destinatio@Xiepy is typ-

ically the most useful because it will work on a color display, but special applications may use
other functions, particularly in concert with particular planes of a color display. The 16 GC func-
tions, defined in X11/X.h>, are:

Function Name

Value Operation

GXclear
GXand
GXandReverse
GXcopy

0x0 0

Ox1 src AND dst

0x2 src AND NOT dst
0x3 src
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Function Name Value Operation
GXandInverted Ox4 (NOT src) AND dst
GXnoop 0x5 dst

GXxor 0x6 src XOR dst

GXor 0x7 src OR dst

GXnor 0x8 (NOT src) AND (NOT dst)
GXequiv 0x9 (NOT src) XOR dst
GXinvert Oxa NOT dst

GXorReverse Oxb src OR (NOT dst)
GXcopylnverted Oxc NOT src

GXorlnverted Oxd (NOT src) OR dst
GXnand Oxe (NOT src) OR (NOT dst)
GXset Oxf 1

Many graphics operations depend on either pixel values or planes in a GC. The planes attribute is
of type long, and it specifies which planes of the destination are to be modified, one bit per plane.
A monochrome display has only one plane and will be the least-significant bit of the word. As
planes are added to the display hardware, they will occupy more significant bits in the plane

mask.

In graphics operations, given a source and destination pixel, the result is computed bitwise on cor-
responding bits of the pixels. That is, a Boolean operation is performed in each bit plane. The
plane_mask restricts the operation to a subset of planes. A macro céfartes can be used

to refer to all planes of the screen simultaneously. The result is computed by the following:

((src FUNC dst) AND plane-mask) OR (dst AND (NOT plane-mask))

Range checking is not performed on the values for foreground, background, or plane_mask. They
are simply truncated to the appropriate number of bits. The line-width is measured in pixels and
either can be greater than or equal to one (wide line) or can be the special value zero (thin line).

Wide lines are drawn centered on the path described by the graphics request. Unless otherwise
specified by the join-style or cap-style, the bounding box of a wide line with endpoints [x1, y1],
[x2, y2] and width w is a rectangle with vertices at the following real coordinates:

[x1-(w*sn/2), y1+(w*cs/2)], [x1+(w*sn/2), y1-(w*cs/2)],
[x2-(w*sn/2), y2+(w*cs/2)], [x2+(w*sn/2), y2-(w*cs/2)]

Here sn is the sine of the angle of the line, and cs is the cosine of the angle of the line. A pixel is
part of the line and so is drawn if the center of the pixel is fully inside the bounding box (which is
viewed as having infinitely thin edges). If the center of the pixel is exactly on the bounding box,
it is part of the line if and only if the interior is immediately to its right (x increasing direction).
Pixels with centers on a horizontal edge are a special case and are part of the line if and only if
the interior or the boundary is immediately below (y increasing direction) and the interior or the
boundary is immediately to the right (X increasing direction).

Thin lines (zero line-width) are one-pixel-wide lines drawn using an unspecified, device-
dependent algorithm. There are only two constraints on this algorithm.

1. If a line is drawn unclipped from [x1,y1] to [x2,y2] and if another line is drawn unclipped
from [x1+dx,y1l+dy] to [x2+dx,y2+dy], a point [x,y] is touched by drawing the first line if
and only if the point [x+dx,y+dy] is touched by drawing the second line.
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2. The effective set of points comprising a line cannot be affected by clipping. That is, a point
is touched in a clipped line if and only if the point lies inside the clipping region and the
point would be touched by the line when drawn unclipped.

A wide line drawn from [x1,y1] to [x2,y2] always draws the same pixels as a wide line drawn
from [x2,y2] to [x1,y1], not counting cap-style and join-style. It is recommended that this prop-
erty be true for thin lines, but this is not required. A line-width of zero may differ from a line-
width of one in which pixels are drawn. This permits the use of many manufacturers’ line draw-
ing hardware, which may run many times faster than the more precisely specified wide lines.

In general, drawing a thin line will be faster than drawing a wide line of width one. However,
because of their different drawing algorithms, thin lines may not mix well aesthetically with wide
lines. Ifitis desirable to obtain precise and uniform results across all displays, a client should
always use a line-width of one rather than a line-width of zero.

The line-style defines which sections of a line are drawn:
LineSolid The full path of the line is drawn.

LineDoubleDash The full path of the line is drawn, but the even dashes are filled differ-
ently than the odd dashes (see fill-style) viddpButt style used where
even and odd dashes meet.

LineOnOffDash Only the even dashes are drawn, and cap-style applies to all internal ends
of the individual dashes, excepapNotLast is treated aapBultt.

The cap-style defines how the endpoints of a path are drawn:

CapNotLast This is equivalent t@CapButt except that for a line-width of zero the
final endpoint is not drawn.

CapButt The line is square at the endpoint (perpendicular to the slope of the line)
with no projection beyond.

CapRound The line has a circular arc with the diameter equal to the line-width, cen-
tered on the endpoint. (This is equivalenCapButt for line-width of
zero).

CapProjecting The line is square at the end, but the path continues beyond the endpoint

for a distance equal to half the line-width. (This is equivale@&p-
Butt for line-width of zero).

The join-style defines how corners are drawn for wide lines:

JoinMiter The outer edges of two lines extend to meet at an angle. However, if the
angle is less than 11 degrees, theloiaBevel join-style is used instead.

JoinRound The corner is a circular arc with the diameter equal to the line-width,
centered on the joinpoint.

JoinBevel The corner ha€apButt endpoint styles with the triangular notch filled.

For a line with coincident endpoints (x1=x2, y1=y2), when the cap-style is applied to both end-
points, the semantics depends on the line-width and the cap-style:

CapNotLast thin The results are device-dependent, but the desired effect is that
nothing is drawn.
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CapButt thin The results are device-dependent, but the desired effect is that a
single pixel is drawn.

CapRound thin The results are the same as@apButt/thin.

CapProjecting thin The results are the same as@apButt/thin.

CapButt wide Nothing is drawn.

CapRound wide The closed path is a circle, centered at the endpoint, and with the
diameter equal to the line-width.

CapProjecting wide The closed path is a square, aligned with the coordinate axes,
centered at the endpoint, and with the sides equal to the line-
width.

For a line with coincident endpoints (x1=x2, y1=y2), when the join-style is applied at one or both

endpoints, the effect is as if the line was removed from the overall path. However, if the total path
consists of or is reduced to a single point joined with itself, the effect is the same as when the cap-
style is applied at both endpoints.

The tile/stipple represents an infinite two-dimensional plane, with the tile/stipple replicated in all
dimensions. When that plane is superimposed on the drawable for use in a graphics operation,
the upper-left corner of some instance of the tile/stipple is at the coordinates within the drawable
specified by the tile/stipple origin. The tile/stipple and clip origins are interpreted relative to the
origin of whatever destination drawable is specified in a graphics request. The tile pixmap must
have the same root and depth as the GC,BadiMatch error results. The stipple pixmap must
have depth one and must have the same root as the GBadMatch error results. For stipple
operations where the fill-style KllStippled but notFillOpaquesStippled, the stipple pattern is

tiled in a single plane and acts as an additional clip mask to be ANDed with the clip-mask.
Although some sizes may be faster to use than others, any size pixmap can be used for tiling or
stippling.

The fill-style defines the contents of the source for line, text, and fill requests. For all text and fill
requests (for exampl&DrawText, XDrawText16, XFillRectangle, XFillPolygon, and

XFillArc ); for line requests with line-styleineSolid (for example XDrawLine ,

XDrawSegments XDrawRectangle, XDrawArc ); and for the even dashes for line requests

with line-style LineOnOffDash or LineDoubleDash, the following apply:

FillSolid Foreground
FillTiled Tile
FillOpaqueStippled A tile with the same width and height as stipple, but with back-

ground everywhere stipple has a zero and with foreground every-
where stipple has a one

FillStippled Foreground masked by stipple

When drawing lines with line-styleineDoubleDash, the odd dashes are controlled by the fill-
style in the following manner:

FillSolid Background
FillTiled Same as for even dashes
FillOpaqueStippled Same as for even dashes
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FillStippled Background masked by stipple

Storing a pixmap in a GC might or might not result in a copy being made. If the pixmap is later
used as the destination for a graphics request, the change might or might not be reflected in the
GC. Ifthe pixmap is used simultaneously in a graphics request both as a destination and as a tile
or stipple, the results are undefined.

For optimum performance, you should draw as much as possible with the same GC (without
changing its components). The costs of changing GC components relative to using different GCs
depend upon the display hardware and the server implementation. It is quite likely that some
amount of GC information will be cached in display hardware and that such hardware can only
cache a small number of GCs.

The dashes value is actually a simplified form of the more general patterns that can be set with
XSetDashes Specifying a value of N is equivalent to specifying the two-element list [N, NJ in
XSetDashes The value must be nonzero, oBadValue error results.

The clip-mask restricts writes to the destination drawable. If the clip-mask is set to a pixmap, it
must have depth one and have the same root as the GBadMatch error results. If clip-

mask is set tdNone, the pixels are always drawn regardless of the clip origin. The clip-mask also
can be set by calling théSetClipRectanglesor XSetRegionfunctions. Only pixels where the
clip-mask has a bit set to 1 are drawn. Pixels are not drawn outside the area covered by the clip-
mask or where the clip-mask has a bit set to 0. The clip-mask affects all graphics requests. The
clip-mask does not clip sources. The clip-mask origin is interpreted relative to the origin of what-
ever destination drawable is specified in a graphics request.

You can set the subwindow-mode@ipByChildren or Includelnferiors . For

ClipByChildren , both source and destination windows are additionally clipped by all viewable
InputOutput children. Forincludelnferiors , neither source nor destination window is clipped

by inferiors. This will result in including subwindow contents in the source and drawing through
subwindow boundaries of the destination. The usedfidelnferiors on a window of one

depth with mapped inferiors of differing depth is not illegal, but the semantics are undefined by
the core protocol.

The fill-rule defines what pixels are inside (drawn) for paths givetHtiPolygon requests and

can be set tevenOddRule or WindingRule . For EvenOddRule, a point is inside if an infinite

ray with the point as origin crosses the path an odd number of time§VikRdingRule, a point

is inside if an infinite ray with the point as origin crosses an unequal number of clockwise and
counterclockwise directed path segments. A clockwise directed path segment is one that crosses
the ray from left to right as observed from the point. A counterclockwise segment is one that
crosses the ray from right to left as observed from the point. The case where a directed line seg-
ment is coincident with the ray is uninteresting because you can simply choose a different ray that
is not coincident with a segment.

For bothEvenOddRule andWindingRule, a point is infinitely small, and the path is an

infinitely thin line. A pixel is inside if the center point of the pixel is inside and the center point is
not on the boundary. If the center point is on the boundary, the pixel is inside if and only if the
polygon interior is immediately to its right (x increasing direction). Pixels with centers on a hori-
zontal edge are a special case and are inside if and only if the polygon interior is immediately
below (y increasing direction).

The arc-mode controls filling in théFillArcs function and can be set farcPieSlice or
ArcChord . For ArcPieSlice, the arcs are pie-slice filled. FércChord , the arcs are chord
filled.
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The graphics-exposure flag contr@saphicsExposeevent generation fokCopyArea and
XCopyPlane requests (and any similar requests defined by extensions).

To create a new GC that is usable on a given screen with a depth of drawakl€reaeGC.

GC XCreateGCdisplay, d, valuemaskvalueg

Display *display;

Drawabled;

unsigned longaluemask

XGCValues *alues
display Specifies the connection to the X server.
d Specifies the drawable.

valuemask  Specifies which components in the GC are to be set using the information in the
specified values structure. This argument is the bitwise inclusive OR of zero or
more of the valid GC component mask bits.

values Specifies any values as specified by the valuemask.

The XCreateGC function creates a graphics context and returns a GC. The GC can be used with
any destination drawable having the same root and depth as the specified drawable. Use with
other drawables results inBadMatch error.

XCreateGC can generat®adAlloc, BadDrawable, BadFont, BadMatch, BadPixmap, and
BadValue errors.

To copy components from a source GC to a destination GC{QepyGC.

XCopyGC (display, src, valuemaskdes)
Display *display,
GCsrc, dest
unsigned longaluemask
display Specifies the connection to the X server.
src Specifies the components of the source GC.

valuemask  Specifies which components in the GC are to be copied to the destination GC.
This argument is the bitwise inclusive OR of zero or more of the valid GC com-
ponent mask bits.

dest Specifies the destination GC.

The XCopyGC function copies the specified components from the source GC to the destination
GC. The source and destination GCs must have the same root and defghdbtadch error
results. The valuemask specifies which component to copy, XCieateGC.

XCopyGC can generat8adAlloc, BadGC, andBadMatch errors.

To change the components in a given GC, X8hangeGC.
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XChangeGCdisplay, gc, valuemaskvalueg
Display *display;,
GCgc;
unsigned longaluemask
XGCValues *alues

display Specifies the connection to the X server.
gc Specifies the GC.

valuemask  Specifies which components in the GC are to be changed using information in the
specified values structure. This argument is the bitwise inclusive OR of zero or
more of the valid GC component mask bits.

values Specifies any values as specified by the valuemask.

The XChangeGC function changes the components specified by valuemask for the specified GC.
The values argument contains the values to be set. The values and restrictions are the same as for
XCreateGC. Changing the clip-mask overrides any previdi®&etClipRectanglesrequest on

the context. Changing the dash-offset or dash-list overrides any pré{@aiDashegequest on

the context. The order in which components are verified and altered is server-dependent. If an
error is generated, a subset of the components may have been altered.

XChangeGC can generat®adAlloc, BadFont, BadGC, BadMatch, BadPixmap, andBad-
Value errors.

To obtain components of a given GC, ug8etGCValues.

Status XGetGCValuesl{splay, gc, valuemaskvalues_returiy
Display *display;,
GCgc;
unsigned longaluemask
XGCValues walues_return

display Specifies the connection to the X server.
gc Specifies the GC.

valuemask  Specifies which components in the GC are to be returned in the values_return
argument. This argument is the bitwise inclusive OR of zero or more of the valid
GC component mask bits.

values_return Returns the GC values in the specifi}¢@CValues structure.

The XGetGCValues function returns the components specified by valuemask for the specified
GC. If the valuemask contains a valid set of GC mask GiGHunction, GCPlaneMask,
GCForeground, GCBackground, GCLineWidth , GCLineStyle, GCCapStyle,

GCJoinStyle, GCFillStyle, GCFillRule , GCTile, GCStipple, GCTileStipXOrigin ,
GCTileStipYOrigin , GCFont, GCSubwindowMode, GCGraphicsExposures

GCClipXOirigin , GCCLIipYOrigin , GCDashOffset, or GCArcMode ) and no error occurs,
XGetGCValues sets the requested components in values_return and returns a nonzero status.
Otherwise, it returns a zero status. Note that the clip-mask and dash-list (represented by the
GCClipMask and GCDashList bits, respectively, in the valuemask) cannot be requested. Also
note that an invalid resource ID (with one or more of the three most-significant bits set to 1) will
be returned foGCFont, GCTile, andGCStipple if the component has never been explicitly set
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by the client.
To free a given GC, usgFreeGC.

XFreeGC @isplay, gc)

Display *display;,

GCgc;
display Specifies the connection to the X server.
gc Specifies the GC.

The XFreeGC function destroys the specified GC as well as all the associated storage.
XFreeGC can generate BadGC error.

To obtain theGContext resource ID for a given GC, us&sContextFromGC.

GContext XGContextFromG@c¢)
GCgc;

gc Specifies the GC for which you want the resource ID.

Xlib usually defers sending changes to the components of a GC to the server until a graphics
function is actually called with that GC. This permits batching of component changes into a sin-
gle server request. In some circumstances, however, it may be necessary for the client to explic-
itly force sending the changes to the server. An example might be when a protocol extension uses
the GC indirectly, in such a way that the extension interface cannot know what GC will be used.

To force sending GC component changes XBkeishGC.

void XFlushGC(isplay, gc)

Display *display,

GCggc;
display Specifies the connection to the X server.
gc Specifies the GC.

7.2. Using GC Convenience Routines

This section discusses how to set the:

. Foreground, background, plane mask, or function components
. Line attributes and dashes components

. Fill style and fill rule components

. Fill tile and stipple components

. Font component

. Clip region component
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. Arc mode, subwindow mode, and graphics exposure components

7.2.1. Setting the Foreground, Background, Function, or Plane Mask

To set the foreground, background, plane mask, and function components for a given GC, use
XSetState

XSetStatedisplay, gc, foreground background function, plane_mask

Display *display;,

GCgc;

unsigned londoreground background

int function;

unsigned longplane_mask
display Specifies the connection to the X server.
gc Specifies the GC.
foreground Specifies the foreground you want to set for the specified GC.
background  Specifies the background you want to set for the specified GC.
function Specifies the function you want to set for the specified GC.

plane_mask Specifies the plane mask.
XSetStatecan generat®8adAlloc, BadGC, andBadValue errors.
To set the foreground of a given GC, u§getForeground.

XSetForegrounddisplay; gc, foreground
Display *display,
GCggc;
unsigned londoreground

display Specifies the connection to the X server.
gc Specifies the GC.
foreground Specifies the foreground you want to set for the specified GC.

XSetForeground can generat®adAlloc andBadGC errors.

To set the background of a given GC, x&etBackground.
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XSetBackgrounddisplay, gc, background

Display *display;,

GCgc;

unsigned londpackground
display Specifies the connection to the X server.
gc Specifies the GC.

background  Specifies the background you want to set for the specified GC.
XSetBackground can generat®adAlloc andBadGC errors.
To set the display function in a given GC, uégetFunction.

XSetFunctiongdlisplay, gc, function)
Display *display,
GCggc;
int function;
display Specifies the connection to the X server.
gc Specifies the GC.
function Specifies the function you want to set for the specified GC.

XSetFunction can generat®adAlloc, BadGC, andBadValue errors.
To set the plane mask of a given GC, X&etPlaneMask

XSetPlaneMaslkdisplay, gc, plane_mask
Display *display,
GCggc;
unsigned longplane_mask
display Specifies the connection to the X server.
gc Specifies the GC.
plane_mask Specifies the plane mask.

XSetPlaneMaskcan generat®adAlloc andBadGC errors.

7.2.2. Setting the Line Attributes and Dashes
To set the line drawing components of a given GC XSetLineAttributes .
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XSetLineAttributesdisplay, gc, line_width, line_style cap_style join_style

Display *display;,
GCgc;
unsigned intine_width;
int line_style
int cap_style
int join_style
display Specifies the connection to the X server.
gc Specifies the GC.
line_width Specifies the line-width you want to set for the specified GC.
line_style Specifies the line-style you want to set for the specified GC. You can pass
LineSolid, LineOnOffDash, or LineDoubleDash
cap_style Specifies the line-style and cap-style you want to set for the specified GC. You
can pas<apNotLast, CapButt, CapRound, or CapProjecting.
join_style Specifies the line join-style you want to set for the specified GC. You can pass

JoinMiter , JoinRound, or JoinBevel.
XSetLineAttributes can generat8adAlloc, BadGC, andBadValue errors.
To set the dash-offset and dash-list for dashed line styles of a given GCSetfzashes

XSetDasheddisplay, gc, dash_offsetdash_list n)
Display *display;
GCgc;
int dash_offset
chardash_lisf];

intn;

display Specifies the connection to the X server.

gc Specifies the GC.

dash_offset Specifies the phase of the pattern for the dashed line-style you want to set for the
specified GC.

dash_list Specifies the dash-list for the dashed line-style you want to set for the specified
GC.

n Specifies the number of elements in dash_list.

The XSetDashedunction sets the dash-offset and dash-list attributes for dashed line styles in the
specified GC. There must be at least one element in the specified dash_IBadMatue error

results. The initial and alternating elements (second, fourth, and so on) of the dash_list are the
even dashes, and the others are the odd dashes. Each element specifies a dash length in pixels.
All of the elements must be nonzero, ddadValue error results. Specifying an odd-length list

is equivalent to specifying the same list concatenated with itself to produce an even-length list.

The dash-offset defines the phase of the pattern, specifying how many pixels into the dash-list the
pattern should actually begin in any single graphics request. Dashing is continuous through path
elements combined with a join-style but is reset to the dash-offset between each sequence of
joined lines.
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The unit of measure for dashes is the same for the ordinary coordinate system. Ideally, a dash
length is measured along the slope of the line, but implementations are only required to match
this ideal for horizontal and vertical lines. Failing the ideal semantics, it is suggested that the
length be measured along the major axis of the line. The major axis is defined as the x axis for
lines drawn at an angle of between —45 and +45 degrees or between 135 and 225 degrees from
the x axis. For all other lines, the major axis is the y axis.

XSetDashescan generat®adAlloc, BadGC, andBadValue errors.

7.2.3. Setting the Fill Style and Fill Rule
To set the fill-style of a given GC, u¥SetFillStyle.

XSetFillStyle display, gc, fill_style)

Display *display;,

GCgc;

int fill_style;
display Specifies the connection to the X server.
gc Specifies the GC.

fill_style Specifies the fill-style you want to set for the specified GC. You can pass
FillSolid, FillTiled , FillStippled , or FillOpaqueStippled.

XSetFillStyle can generat®adAlloc, BadGC, andBadValue errors.
To set the fill-rule of a given GC, ug&etFillRule.

XSetFillRule display, gc, fill_rule)

Display *display,

GCgc;

int fill_rule;
display Specifies the connection to the X server.
gc Specifies the GC.

fill_rule Specifies the fill-rule you want to set for the specified GC. You canBpass
OddRule or WindingRule.

XSetFillRule can generat®adAlloc, BadGC, andBadValue errors.

7.2.4. Setting the Fill Tile and Stipple

Some displays have hardware support for tiling or stippling with patterns of specific sizes. Tiling
and stippling operations that restrict themselves to those specific sizes run much faster than such
operations with arbitrary size patterns. Xlib provides functions that you can use to determine the
best size, tile, or stipple for the display as well as to set the tile or stipple shape and the tile or
stipple origin.

To obtain the best size of a tile, stipple, or cursor XQeeryBestSize
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Status XQueryBestSizdisplay, class which_screepwidth, height width_return height_return)
Display *display;,
int class
Drawablewhich_screen
unsigned intvidth, height
unsigned int tvidth_return *height_return

display Specifies the connection to the X server.

class Specifies the class that you are interested in. You canTjlaShape,
CursorShape, or StippleShape

which_screen Specifies any drawable on the screen.

width

height Specify the width and height.

width_return

height_return Return the width and height of the object best supported by the display hardware.

The XQueryBestSizefunction returns the best or closest size to the specified size. For
CursorShape, this is the largest size that can be fully displayed on the screen specified by
which_screen. FofileShape, this is the size that can be tiled fastest. &ippleShape this is

the size that can be stippled fastest. €arsorShape, the drawable indicates the desired screen.
For TileShape and StippleShape the drawable indicates the screen and possibly the window
class and depth. AmputOnly window cannot be used as the drawableTiteShape or
StippleShape or aBadMatch error results.

XQueryBestSizecan generat8adDrawable, BadMatch, andBadValue errors.
To obtain the best fill tile shape, us®ueryBestTile.

Status XQueryBestTilaljsplay, which_screepwidth, height width_return height_return
Display *display;,
Drawablewhich_screen
unsigned intvidth, height,
unsigned int Yvidth_return *height_return

display Specifies the connection to the X server.
which_screen Specifies any drawable on the screen.
width

height Specify the width and height.

width_return
height_return Return the width and height of the object best supported by the display hardware.

The XQueryBestTile function returns the best or closest size, that is, the size that can be tiled
fastest on the screen specified by which_screen. The drawable indicates the screen and possibly
the window class and depth. If amputOnly window is used as the drawableBadMatch

error results.

XQueryBestTile can generatBadDrawable and BadMatch errors.
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To obtain the best stipple shape, XsgueryBestStipple.

Status XQueryBestStippldisplay, which_screepwidth, height width_return height_return
Display *display,
Drawablewhich_screen
unsigned intvidth, height,
unsigned int Yvidth_return *height_return

display Specifies the connection to the X server.
which_screen Specifies any drawable on the screen.
width

height Specify the width and height.

width_return
height_return Return the width and height of the object best supported by the display hardware.

The XQueryBestStipple function returns the best or closest size, that is, the size that can be stip-
pled fastest on the screen specified by which_screen. The drawable indicates the screen and pos-
sibly the window class and depth. If &mputOnly window is used as the drawableBad-

Match error results.

XQueryBestStipple can generatBadDrawable and BadMatch errors.
To set the fill tile of a given GC, us€SetTile.

XSetTile (display, gc, tile)
Display *display;,
GCggc;
Pixmaptile;
display Specifies the connection to the X server.
gc Specifies the GC.
tile Specifies the fill tile you want to set for the specified GC.

The tile and GC must have the same depth,Ba@dMatch error results.
XSetTile can generatBadAlloc, BadGC, BadMatch, and BadPixmap errors.

To set the stipple of a given GC, us8etStipple.
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XSetStipple @isplay, gc, stipple)

Display *display;,

GCgc;

Pixmapstipple;
display Specifies the connection to the X server.
gc Specifies the GC.

stipple Specifies the stipple you want to set for the specified GC.

The stipple must have a depth of one, &aaMatch error results.
XSetStipple can generat8adAlloc, BadGC, BadMatch, andBadPixmap errors.

To set the tile or stipple origin of a given GC, u€8etTSOrigin.

XSetTSOrigin@isplay, gc, ts_x_origin ts_y_origin)
Display *display;,
GCgc;
intts_x_origin ts_y_origin
display Specifies the connection to the X server.
gc Specifies the GC.
ts_x_origin
ts_y_origin  Specify the x and y coordinates of the tile and stipple origin.

When graphics requests call for tiling or stippling, the parent’s origin will be interpreted relative
to whatever destination drawable is specified in the graphics request.

XSetTSOrigin can generat®adAlloc andBadGC error.

7.2.5. Setting the Current Font
To set the current font of a given GC, ué8etFont.

XSetFont fisplay, gc, font)

Display *display;,

GCgc;

Fontfont;
display Specifies the connection to the X server.
gc Specifies the GC.
font Specifies the font.

XSetFont can generat8adAlloc, BadFont, andBadGC errors.

7.2.6. Setting the Clip Region

Xlib provides functions that you can use to set the clip-origin and the clip-mask or set the clip-
mask to a list of rectangles.
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To set the clip-origin of a given GC, u¥&etClipOrigin .

XSetClipOrigin display, gc, clip_x_origin, clip_y_origin)
Display *display;,
GCgc;
int clip_x_origin, clip_y_origin;
display Specifies the connection to the X server.
gc Specifies the GC.
clip_x_origin
clip_y_origin Specify the x and y coordinates of the clip-mask origin.

The clip-mask origin is interpreted relative to the origin of whatever destination drawable is spec-
ified in the graphics request.

XSetClipOrigin can generat®adAlloc andBadGC errors.
To set the clip-mask of a given GC to the specified pixmapX&etClipMask.

XSetClipMask flisplay, gc, pixmap)

Display *display;,

GCgc;

Pixmappixmap
display Specifies the connection to the X server.
gc Specifies the GC.

pixmap Specifies the pixmap dvone.

If the clip-mask is set tdblone, the pixels are are always drawn (regardless of the clip-origin).
XSetClipMask can generat®adAlloc, BadGC, BadMatch, and BadPixmap errors.

To set the clip-mask of a given GC to the specified list of rectangleX3est€lipRectangles

144



Xlib — C Library X11, Release 6

XSetClipRectanglesdisplay gc, clip_x_origin, clip_y_origin, rectangles n, ordering)
Display *display;,
GCgc;
int clip_x_origin, clip_y_origin;
XRectangleectangle§ ;
intn;
int ordering;

display Specifies the connection to the X server.

gc Specifies the GC.

clip_x_origin

clip_y_origin Specify the x and y coordinates of the clip-mask origin.
rectangles Specifies an array of rectangles that define the clip-mask.
n Specifies the number of rectangles.

ordering Specifies the ordering relations on the rectangles. You carljressted,
YSorted, YXSorted, or YXBanded.

The XSetClipRectanglesfunction changes the clip-mask in the specified GC to the specified list

of rectangles and sets the clip origin. The output is clipped to remain contained within the rectan-
gles. The clip-origin is interpreted relative to the origin of whatever destination drawable is spec-
ified in a graphics request. The rectangle coordinates are interpreted relative to the clip-origin.
The rectangles should be nonintersecting, or the graphics results will be undefined. Note that the
list of rectangles can be empty, which effectively disables output. This is the opposite of passing
None as the clip-mask iXCreateGC, XChangeGC, and XSetClipMask.

If known by the client, ordering relations on the rectangles can be specified with the ordering
argument. This may provide faster operation by the server. If an incorrect ordering is specified,
the X server may generateBadMatch error, but it is not required to do so. If no error is gener-
ated, the graphics results are undefingdsorted means the rectangles are in arbitrary order.
YSorted means that the rectangles are nondecreasing in their Y ogiBorted additionally
constrainsy Sorted order in that all rectangles with an equal Y origin are nondecreasing in their
X origin. YXBanded additionally constrain¥ XSorted by requiring that, for every possible Y
scanline, all rectangles that include that scanline have an identical Y origins and Y extents.

XSetClipRectanglescan generat®adAlloc, BadGC, BadMatch, and BadValue errors.

Xlib provides a set of basic functions for performing region arithmetic. For information about
these functions, see section 16.5.

7.2.7. Setting the Arc Mode, Subwindow Mode, and Graphics Exposure
To set the arc mode of a given GC, u&getArcMode.
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XSetArcMode @lisplay, gc, arc_mode

Display *display;,

GCgc;

intarc_mode
display Specifies the connection to the X server.
gc Specifies the GC.

arc_mode Specifies the arc mode. You can passChord or ArcPieSlice.
XSetArcMode can generat®adAlloc, BadGC, andBadValue errors.
To set the subwindow mode of a given GC, ¥XSetSubwindowMode

XSetSubwindowModedisplay, gc¢, subwindow_mode
Display *display,
GCggc;
int subwindow_mode
display Specifies the connection to the X server.
gc Specifies the GC.

subwindow_mode
Specifies the subwindow mode. You can paksByChildren or
Includelnferiors .

XSetSubwindowModecan generatBadAlloc, BadGC, andBadValue errors.
To set the graphics-exposures flag of a given GCX&tGraphicsExposures

XSetGraphicsExposuregiéplay, gc, graphics_exposurgs

Display *display,

GCgc;

Bool graphics_exposures
display Specifies the connection to the X server.
gc Specifies the GC.
graphics_exposures

Specifies a Boolean value that indicates whether you GeaythicsExposeand

NoExposeevents to be reported when calliK@opyArea and XCopyPlane
with this GC.

XSetGraphicsExposurescan generat8adAlloc, BadGC, andBadValue errors.
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Chapter 8

Graphics Functions

Once you have established a connection to a display, you can use the Xlib graphics functions to:
. Clear and copy areas

. Draw points, lines, rectangles, and arcs

. Fill areas

. Manipulate fonts

. Draw text

. Transfer images between clients and the server

If the same drawable and GC is used for each call, Xlib batches back-to-back calls to
XDrawPoint, XDrawLine , XDrawRectangle, XFillArc , and XFillRectangle. Note that this
reduces the total number of requests sent to the server.

8.1. Clearing Areas

Xlib provides functions that you can use to clear an area or the entire window. Because pixmaps
do not have defined backgrounds, they cannot be filled by using the functions described in this
section. Instead, to accomplish an analogous operation on a pixmap, you should use
XFillRectangle, which sets the pixmap to a known value.

To clear a rectangular area of a given window, Xi€éearArea.

XClearAreaf(isplay, w, X, y, width, height, exposurep
Display *display,
Windoww;
intx,y;
unsigned intvidth, height,
Bool exposures

display Specifies the connection to the X server.

w Specifies the window.

X

y Specify the x and y coordinates, which are relative to the origin of the window
and specify the upper-left corner of the rectangle.

width

height Specify the width and height, which are the dimensions of the rectangle.

exposures Specifies a Boolean value that indicateBxposeevents are to be generated.

The XClearArea function paints a rectangular area in the specified window according to the
specified dimensions with the window’s background pixel or pixmap. The subwindow-mode
effectively isClipByChildren . If width is zero, it is replaced with the current width of the
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window minus x. If height is zero, it is replaced with the current height of the window minus y.

If the window has a defined background tile, the rectangle clipped by any children is filled with
this tile. If the window has backgrouridone, the contents of the window are not changed. In
either case, if exposuresisue, one or moreExposeevents are generated for regions of the
rectangle that are either visible or are being retained in a backing store. If you specify a window
whose class itnputOnly , a BadMatch error results.

XClearArea can generatBadMatch, BadValue, andBadWindow errors.
To clear the entire area in a given window, X€&dearWindow .

XClearWindow display, w)

Display *display;

Window w;
display Specifies the connection to the X server.
w Specifies the window.

The XClearWindow function clears the entire area in the specified window and is equivalent to
XClearArea (display, w, 0, 0, 0, OFalse). If the window has a defined background tile, the rect-
angle is tiled with a plane-mask of all ones &wcopy function. If the window has background
None, the contents of the window are not changed. If you specify a window whose class is
InputOnly , a BadMatch error results.

XClearWindow can generat8adMatch and BadWindow errors.

8.2. Copying Areas
Xlib provides functions that you can use to copy an area or a bit plane.

To copy an area between drawables of the same root and depKCoggArea.
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XCopyAreaisplay, src, dest gc, src_x, src_y, width, height dest_x dest_y
Display *display;,
Drawablesrc, dest
GCgc;
int src_x, src_y,
unsigned intvidth, height,
int dest_x dest_y

display Specifies the connection to the X server.

src

dest Specify the source and destination rectangles to be combined.

gc Specifies the GC.

src_x

src_y Specify the x and y coordinates, which are relative to the origin of the source
rectangle and specify its upper-left corner.

width

height Specify the width and height, which are the dimensions of both the source and
destination rectangles.

dest x

dest_y Specify the x and y coordinates, which are relative to the origin of the destination

rectangle and specify its upper-left corner.

The XCopyArea function combines the specified rectangle of src with the specified rectangle of
dest. The drawables must have the same root and deptBaoiMatch error results.

If regions of the source rectangle are obscured and have not been retained in backing store or if
regions outside the boundaries of the source drawable are specified, those regions are not copied.
Instead, the following occurs on all corresponding destination regions that are either visible or are
retained in backing store. If the destination is a window with a background otheMdn@ncor-
responding regions of the destination are tiled with that background (with plane-mask of all ones
and GXcopy function). Regardless of tiling or whether the destination is a window or a pixmap,

if graphics-exposures iBue, thenGraphicsExposeevents for all corresponding destination

regions are generated. If graphics-exposurdsue but no GraphicsExposeevents are gener-

ated, aNoExposeevent is generated. Note that by default graphics-exposufesdsn new

GCs.

This function uses these GC components: function, plane-mask, subwindow-mode, graphics-
exposures, clip-x-origin, clip-y-origin, and clip-mask.
XCopyArea can generat®adDrawable, BadGC, andBadMatch errors.

To copy a single bit plane of a given drawable, ¥&opyPlane.
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XCopyPlanedlisplay, src, dest gc, src_x, src_y, width, height, dest_x dest_y plane)
Display *display;,
Drawablesrc, dest
GCgc;
int src_x, src_y,
unsigned intvidth, height,
int dest_x dest_y
unsigned longlane;

display Specifies the connection to the X server.

src

dest Specify the source and destination rectangles to be combined.

gc Specifies the GC.

src_x

src_y Specify the x and y coordinates, which are relative to the origin of the source
rectangle and specify its upper-left corner.

width

height Specify the width and height, which are the dimensions of both the source and
destination rectangles.

dest_x

dest_y Specify the x and y coordinates, which are relative to the origin of the destination
rectangle and specify its upper-left corner.

plane Specifies the bit plane. You must set exactly one bit to 1.

The XCopyPlane function uses a single bit plane of the specified source rectangle combined
with the specified GC to modify the specified rectangle of dest. The drawables must have the
same root but need not have the same depth. If the drawables do not have the sarBadeot, a
Match error results. If plane does not have exactly one bit set to 1 and the value of plane is not
less than 2, wheren is the depth of src, BadValue error results.

Effectively, XCopyPlane forms a pixmap of the same depth as the rectangle of dest and with a
size specified by the source region. It uses the foreground/background pixels in the GC (fore-
ground everywhere the bit plane in src contains a bit set to 1, background everywhere the bit
plane in src contains a bit set to 0) and the equivalenCafpgArea protocol request is per-

formed with all the same exposure semantics. This can also be thought of as using the specified
region of the source bit plane as a stipple with a fill-stylEibd®paqueStippled for filling a
rectangular area of the destination.

This function uses these GC components: function, plane-mask, foreground, background, subwin-
dow-mode, graphics-exposures, clip-x-origin, clip-y-origin, and clip-mask.

XCopyPlane can generatB8adDrawable, BadGC, BadMatch, andBadValue errors.

8.3. Drawing Points, Lines, Rectangles, and Arcs
Xlib provides functions that you can use to draw:
. A single point or multiple points

. A single line or multiple lines
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. A single rectangle or multiple rectangles
. A single arc or multiple arcs
Some of the functions described in the following sections use these structures:

typedef struct {
short x1, y1, X2, y2;
} XSegment;

typedef struct {
short x, y;
} XPoint;

typedef struct {

short x, y;

unsigned short width, height;
} XRectangle;

typedef struct {

short x, y;

unsigned short width, height;

short anglel, angle2; /* Degrees * 64 */
} XArc;

All x and y members are signed integers. The width and height members are 16-bit unsigned
integers. You should be careful not to generate coordinates and sizes out of the 16-bit ranges,
because the protocol only has 16-bit fields for these values.

8.3.1. Drawing Single and Multiple Points

To draw a single point in a given drawable, xderawPoint .
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XDrawPointdisplay, d, gc, X, y)

Display *display;

Drawabled;

GCgc;

intx,y;
display Specifies the connection to the X server.
d Specifies the drawable.

gc Specifies the GC.

Specify the x and y coordinates where you want the point drawn.

To draw multiple points in a given drawable, uderawPoints.

XDrawPoints @lisplay, d, gc, points, npoints mode

Display *display;,
Drawabled;
GCggc;
XPoint *points,
int npoints
int mode
display Specifies the connection to the X server.
d Specifies the drawable.
gc Specifies the GC.
points Specifies an array of points.
npoints Specifies the number of points in the array.
mode Specifies the coordinate mode. You can pagsrdModeOrigin or
CoordModePrevious.

The XDrawPoint function uses the foreground pixel and function components of the GC to draw
a single point into the specified drawab¥)rawPoints draws multiple points this wayCoord-
ModeOrigin treats all coordinates as relative to the origin, @edrdModePrevioustreats all
coordinates after the first as relative to the previous poibBtrawPoints draws the points in the
order listed in the array.

Both functions use these GC components: function, plane-mask, foreground, subwindow-mode,
clip-x-origin, clip-y-origin, and clip-mask.

XDrawPoint can generat8adDrawable, BadGC, andBadMatch errors. XDrawPoints can
generateBadDrawable, BadGC, BadMatch, andBadValue errors.

8.3.2. Drawing Single and Multiple Lines

To draw a single line between two points in a given drawableXisawLine .
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XDrawLine (display, d, gc, X1, y1, X2, y2)

Display *display,
Drawabled;
GCgc;
intx1, y1, x2, y2;
display Specifies the connection to the X server.
d Specifies the drawable.
gc Specifies the GC.
x1
yl
X2
y2 Specify the points (x1, y1) and (x2, y2) to be connected.

To draw multiple lines in a given drawable, usBrawLines.

XDrawLinesdisplay, d, gc, points, npoints mode

Display *display;,
Drawabled;
GCgc;
XPoint *points;
int npoints
int mode
display Specifies the connection to the X server.
d Specifies the drawable.
gc Specifies the GC.
points Specifies an array of points.
npoints Specifies the number of points in the array.
mode Specifies the coordinate mode. You can pagsrdModeOrigin or
CoordModePrevious.

To draw multiple, unconnected lines in a given drawable Xid@awSegments
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XDrawSegmentgdisplay, d, gc, segmentsnsegments
Display *display;,
Drawabled;
GCgc;
XSegment $segments
int nsegments

display Specifies the connection to the X server.

d Specifies the drawable.

gc Specifies the GC.

segments Specifies an array of segments.

nsegments  Specifies the number of segments in the array.

The XDrawLine function uses the components of the specified GC to draw a line between the
specified set of points (x1, y1) and (x2, y2). It does not perform joining at coincident endpoints.
For any given lineXDrawLine does not draw a pixel more than once. If lines intersect, the
intersecting pixels are drawn multiple times.

The XDrawLines function uses the components of the specified GC to draw npoints—1 lines
between each pair of points (point[i], point[i+1]) in the arra)X&boint structures. It draws the
lines in the order listed in the array. The lines join correctly at all intermediate points, and if the
first and last points coincide, the first and last lines also join correctly. For any given line,
XDrawLines does not draw a pixel more than once. If thin (zero line-width) lines intersect, the
intersecting pixels are drawn multiple times. If wide lines intersect, the intersecting pixels are
drawn only once, as though the entralyLine protocol request were a single, filled shape.
CoordModeOrigin treats all coordinates as relative to the origin, @drdModePrevious

treats all coordinates after the first as relative to the previous point.

The XDrawSegmentsfunction draws multiple, unconnected lines. For each segment,
XDrawSegmentsdraws a line between (x1, y1) and (x2, y2). It draws the lines in the order
listed in the array oKSegmentstructures and does not perform joining at coincident endpoints.
For any given lineXDrawSegmentsdoes not draw a pixel more than once. If lines intersect, the
intersecting pixels are drawn multiple times.

All three functions use these GC components: function, plane-mask, line-width, line-style, cap-
style, fill-style, subwindow-mode, clip-x-origin, clip-y-origin, and clip-mask. KigrawLines
function also uses the join-style GC component. All three functions also use these GC mode-
dependent components: foreground, background, tile, stipple, tile-stipple-x-origin, tile-stipple-y-
origin, dash-offset, and dash-list.

XDrawLine , XDrawLines, and XDrawSegmentscan generatBadDrawable, BadGC, and
BadMatch errors. XDrawLines also can generat®@adValue errors.

8.3.3. Drawing Single and Multiple Rectangles

To draw the outline of a single rectangle in a given drawableXDsawRectangle.
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XDrawRectangledisplay, d, gc, x, y, width, heigh?)
Display *display;,
Drawabled;
GCgc;
intx,y;
unsigned intvidth, height,

display Specifies the connection to the X server.

d Specifies the drawable.
gc Specifies the GC.

Specify the x and y coordinates, which specify the upper-left corner of the rectan-
gle.
width

height Specify the width and height, which specify the dimensions of the rectangle.

To draw the outline of multiple rectangles in a given drawable XiBrawRectangles

XDrawRectangleddisplay, d, gc, rectangles nrectangle$
Display *display,
Drawabled;
GCggc;
XRectanglerectangle$];
int nrectangles

display Specifies the connection to the X server.
d Specifies the drawable.
gc Specifies the GC.

rectangles Specifies an array of rectangles.
nrectangles  Specifies the number of rectangles in the array.

The XDrawRectangle and XDrawRectanglesfunctions draw the outlines of the specified rect-
angle or rectangles as if a five-polalyLine protocol request were specified for each rectangle:

[X,y] [x+width,y] [x+width,y+height] [x,y+height] [X,y]

For the specified rectangle or rectangles, these functions do not draw a pixel more than once.
XDrawRectanglesdraws the rectangles in the order listed in the array. If rectangles intersect,
the intersecting pixels are drawn multiple times.

Both functions use these GC components: function, plane-mask, line-width, line-style, cap-style,
join-style, fill-style, subwindow-mode, clip-x-origin, clip-y-origin, and clip-mask. They also use
these GC mode-dependent components: foreground, background, tile, stipple, tile-stipple-x-
origin, tile-stipple-y-origin, dash-offset, and dash-list.

XDrawRectangle and XDrawRectanglescan generat8adDrawable, BadGC, andBad-
Match errors.
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8.3.4. Drawing Single and Multiple Arcs

To draw a single arc in a given drawable, XdarawArc .

XDrawArc (display, d, gc, X, y, width, height, anglel, angle2
Display *display;,
Drawabled;
GCgc;
intx,y;
unsigned intvidth, height,
int anglel, angle2

display Specifies the connection to the X server.
d Specifies the drawable.
gc Specifies the GC.

Specify the x and y coordinates, which are relative to the origin of the drawable
and specify the upper-left corner of the bounding rectangle.

width

height Specify the width and height, which are the major and minor axes of the arc.

anglel Specifies the start of the arc relative to the three-o’clock position from the center,
in units of degrees * 64.

angle2 Specifies the path and extent of the arc relative to the start of the arc, in units of

degrees * 64.

To draw multiple arcs in a given drawable, oderawArcs .

XDrawArcs (display, d, gc, arcs, narcs)

Display *display;
Drawabled;
GCgc;
XArc *arcs,
int narcs,
display Specifies the connection to the X server.
d Specifies the drawable.
gc Specifies the GC.
arcs Specifies an array of arcs.
narcs Specifies the number of arcs in the array.

XDrawArc draws a single circular or elliptical arc, ak®rawArcs draws multiple circular or
elliptical arcs. Each arc is specified by a rectangle and two angles. The center of the circle or
ellipse is the center of the rectangle, and the major and minor axes are specified by the width and
height. Positive angles indicate counterclockwise motion, and negative angles indicate clockwise
motion. If the magnitude of angle2 is greater than 360 degk&aswArc or XDrawArcs
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truncates it to 360 degrees.
For an arc specified as« y, width, height, anglel, angle?], the origin of the major and minor

. idth heigh o . - . .
axes is atf + le ,y+ |zg ﬁ and the infinitely thin path describing the entire circle or
heigh heigh
ellipse intersects the horizontal axis &ty + €19 t] and [x +width, y + €9 t] and intersects

2
idth
the vertical axis at{+ , Yland [x + ngt , Y +heighf. These coordinates can be frac-

tional and so are not truncated to discrete coordinates. The path should be defined by the ideal
mathematical path. For a wide line with line-width Iw, the bounding outlines for filling are given

by the two infinitely thin paths consisting of all points whose perpendicular distance from the

path of the circle/ellipse is equal to Iw/2 (which may be a fractional value). The cap-style and
join-style are applied the same as for a line corresponding to the tangent of the circle/ellipse at the
endpoint.

For an arc specified as«| y, width, height, anglel, angle?], the angles must be specified in the
effectively skewed coordinate system of the ellipse (for a circle, the angles and coordinate sys-
tems are identical). The relationship between these angles and angles expressed in the normal
coordinate system of the screen (as measured with a protractor) is as follows:

width

Jwidth D+
height

skewed-angle atangan(normal—angle) adjust

The skewed-angle and normal-angle are expressed in radians (rather than in degrees scaled by 64)
in the range [0, 2] and where atan returns a value in the raﬁgg [ g] and adjust is:

0 for normal-angle in the range [g,]

3
T for normal-angle in the rang ﬂ[, 7”]
2 for normal-angle in the rangegF’, 2]

For any given arcXDrawArc and XDrawArcs do not draw a pixel more than once. If two arcs

join correctly and if the line-width is greater than zero and the arcs intexéaretwArc and

XDrawArcs do not draw a pixel more than once. Otherwise, the intersecting pixels of intersect-
ing arcs are drawn multiple times. Specifying an arc with one endpoint and a clockwise extent
draws the same pixels as specifying the other endpoint and an equivalent counterclockwise extent,
except as it affects joins.

If the last point in one arc coincides with the first point in the following arc, the two arcs will join
correctly. If the first point in the first arc coincides with the last point in the last arc, the two arcs
will join correctly. By specifying one axis to be zero, a horizontal or vertical line can be drawn.
Angles are computed based solely on the coordinate system and ignore the aspect ratio.

Both functions use these GC components: function, plane-mask, line-width, line-style, cap-style,
join-style, fill-style, subwindow-mode, clip-x-origin, clip-y-origin, and clip-mask. They also use
these GC mode-dependent components: foreground, background, tile, stipple, tile-stipple-x-
origin, tile-stipple-y-origin, dash-offset, and dash-list.

XDrawArc and XDrawArcs can generatBadDrawable, BadGC, andBadMatch errors.

8.4. Filling Areas
Xlib provides functions that you can use to fill:
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. A single rectangle or multiple rectangles
. A single polygon
. A single arc or multiple arcs

8.4.1. Filling Single and Multiple Rectangles

To fill a single rectangular area in a given drawable X/SéRectangle.

XFillRectangle flisplay, d, gc, X, y, width, height)

Display *display,
Drawabled;
GCggc;
intx,y;
unsigned intvidth, height,
display Specifies the connection to the X server.
d Specifies the drawable.
gc Specifies the GC.
Specify the x and y coordinates, which are relative to the origin of the drawable
and specify the upper-left corner of the rectangle.
width
height Specify the width and height, which are the dimensions of the rectangle to be

filled.

To fill multiple rectangular areas in a given drawable, XisglRectangles.

XFillRectangles(lisplay, d, gc, rectangles nrectangle3
Display *display;,

Drawabled;

GCgc;

XRectangle fectangles
int nrectangles

display

d

gc
rectangles
nrectangles

Specifies the connection to the X server.
Specifies the drawable.

Specifies the GC.

Specifies an array of rectangles.

Specifies the number of rectangles in the array.

The XFillRectangle and XFillRectangles functions fill the specified rectangle or rectangles as if
a four-pointFillPolygon protocol request were specified for each rectangle:

[x,y] [x+width,y] [x+width,y+height] [x,y+height]

158



Xlib — C Library X11, Release 6

Each function uses the x and y coordinates, width and height dimensions, and GC you specify.
XFillRectangles fills the rectangles in the order listed in the array. For any given rectangle,

XFillRectangle and XFillRectangles do not draw a pixel more than once. If rectangles inter-
sect, the intersecting pixels are drawn multiple times.

Both functions use these GC components: function, plane-mask, fill-style, subwindow-mode,
clip-x-origin, clip-y-origin, and clip-mask. They also use these GC mode-dependent components:
foreground, background, tile, stipple, tile-stipple-x-origin, and tile-stipple-y-origin.

XFillRectangle and XFillRectangles can generat8adDrawable, BadGC, andBadMatch

errors.

8.4.2. Filling a Single Polygon
To fill a polygon area in a given drawable, uggllPolygon.

XFillPolygon (display, d, gc, points, npoints shape mode
Display *display,
Drawabled;
GCggc;
XPoint *points;
int npoints
int shape
int mode

display Specifies the connection to the X server.

d Specifies the drawable.

gc Specifies the GC.

points Specifies an array of points.

npoints Specifies the number of points in the array.

shape Specifies a shape that helps the server toauwggrerformance. You can pass
Complex, Convex, or Nonconvex

mode Specifies the coordinate mode. You can pgagsrdModeOrigin or
CoordModePrevious.

XFillPolygon fills the region closed by the specified path. The path is closed automatically if the
last point in the list does not coincide with the first poEillPolygon does not draw a pixel of

the region more than onc&oordModeOrigin treats all coordinates as relative to the origin, and
CoordModePrevioustreats all coordinates after the first as relative to the previous point.

Depending on the specified shape, the following occurs:

. If shape isComplex, the path may self-intersect. Note that contiguous coincident points in
the path are not treated as self-intersection.
. If shape isConvex, for every pair of points inside the polygon, the line segment connecting

them does not intersect the path. If known by the client, speciyonyex can improve
performance. If you specif€onvexfor a path that is not convex, the graphics results are
undefined.

. If shape isNonconvex the path does not self-intersect, but the shape is not wholly convex.
If known by the client, specifyinlonconvexinstead ofComplex may improve
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performance. If you specififonconvexfor a self-intersecting path, the graphics results
are undefined.

The fill-rule of the GC controls the filling behavior of self-intersecting polygons.

This function uses these GC components: function, plane-mask, fill-style, fill-rule, subwindow-
mode, clip-x-origin, clip-y-origin, and clip-mask. It also uses these GC mode-dependent compo-
nents: foreground, background, tile, stipple, tile-stipple-x-origin, and tile-stipple-y-origin.

XFillPolygon can generat®adDrawable, BadGC, BadMatch, andBadValue errors.

8.4.3. Filling Single and Multiple Arcs
To fill a single arc in a given drawable, USEillArc .

XFillArc ( display, d, gc, X, Yy, width, height anglel, angle?
Display *display,
Drawabled;
GCgc;
intx,y;
unsigned intvidth, height
int anglel, angle2

display Specifies the connection to the X server.
d Specifies the drawable.
gc Specifies the GC.

Specify the x and y coordinates, which are relative to the origin of the drawable
and specify the upper-left corner of the bounding rectangle.

width

height Specify the width and height, which are the major and minor axes of the arc.

anglel Specifies the start of the arc relative to the three-o’clock position from the center,
in units of degrees * 64.

angle2 Specifies the path and extent of the arc relative to the start of the arc, in units of

degrees * 64.

To fill multiple arcs in a given drawable, ux&illArcs .
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XFillArcs (display, d, gc, arcs, narcs)

Display *display;
Drawabled;
GCgc;
XArc *arcs,
int narcs,
display Specifies the connection to the X server.
d Specifies the drawable.
gc Specifies the GC.
arcs Specifies an array of arcs.
narcs Specifies the number of arcs in the array.

For each arcXFillArc or XFillArcs fills the region closed by the infinitely thin path described
by the specified arc and, depending on the arc-mode specified in the GC, one or two line seg-
ments. ForArcChord , the single line segment joining the endpoints of the arc is used. For
ArcPieSlice, the two line segments joining the endpoints of the arc with the center point are
used. XFillArcs fills the arcs in the order listed in the array. For any given)éfdlArc and
XFillArcs do not draw a pixel more than once. If regions intersect, the intersecting pixels are
drawn multiple times.

Both functions use these GC components: function, plane-mask, fill-style, arc-mode, subwindow-
mode, clip-x-origin, clip-y-origin, and clip-mask. They also use these GC mode-dependent com-
ponents: foreground, background, tile, stipple, tile-stipple-x-origin, and tile-stipple-y-origin.

XFillArc and XFillArcs can generat®adDrawable, BadGC, andBadMatch errors.

8.5. Font Metrics

A font is a graphical description of a set of characters that are used to increase efficiency when-
ever a set of small, similar sized patterns are repeatedly used.

This section discusses how to:

. Load and free fonts

. Obtain and free font names

. Compute character string sizes
. Return logical extents

. Query character string sizes

The X server loads fonts whenever a program requests a new font. The server can cache fonts for
quick lookup. Fonts are global across all screens in a server. Several levels are possible when
dealing with fonts. Most applications simply uskoadQueryFont to load a font and query the

font metrics.

Characters in fonts are regarded as masks. Except for image text requests, the only pixels modi-
fied are those in which bits are set to 1 in the character. This means that it makes sense to draw
text using stipples or tiles (for example, many menus gray-out unusable entries).
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The XFontStruct structure contains all of the information for the font and consists of the font-
specific information as well as a pointer to an arra}(@harStruct structures for the characters
contained in the font. ThEFontStruct, XFontProp, andXCharStruct structures contain:

typedef struct {

short Ibearing;

short rbearing;

short width;

short ascent;

short descent;

unsigned short attributes;
} XCharStruct;

typedef struct {
Atom name;
unsigned long card32;
} XFontProp;

typedef struct {
unsigned char bytel,
unsigned char byte?2;
} XChar2b;

typedef struct {
XExtData *ext_data;
Font fid;
unsigned direction;
unsigned min_char_or_byte2;
unsigned max_char_or_byte2;
unsigned min_bytel;
unsigned max_byte1;
Bool all_chars_exist;
unsigned default_char;
int n_properties;
XFontProp *properties;
XCharStruct min_bounds;
XCharStruct max_bounds;
XCharStruct *per_char;

[* origin to left edge of raster */
[* origin to right edge of raster */
/* advance to next char’s origin */
/* baseline to top edge of raster */
/* baseline to bottom edge of raster */
* per char flags (not predefined) */

/* normal 16 bit characters are two bytes */

/* hook for extension to hang data */
/* Font id for this font */

/* hint about the direction font is painted */
[* first character */
[* last character */

[* first row that exists */

* last row that exists */

[* flag if all characters have nonzero size */
/* char to print for undefined character */

/* how many properties there are */

/* pointer to array of additional properties */
/* minimum bounds over all existing char */
/* maximum bounds over all existing char */

[* first_char to last_char information */

int ascent; /* logical extent alwebaseline for spacing */
int descent; /* logical decent below baseline for spacing */
} XFontStruct;

X supports single byte/character, two bytes/character matrix, and 16-bit character text operations.
Note that any of these forms can be used with a font, but a single byte/character text request can
only specify a single byte (that is, the first row of a 2-byte font). You should view 2-byte fonts as

a two-dimensional matrix of defined characters: bytel specifies the range of defined rows and
byte2 defines the range of defined columns of the font. Single byte/character fonts have one row
defined, and the byte2 range specified in the structure defines a range of characters.
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The bounding box of a character is defined byX#arStruct of that character. When charac-
ters are absent from a font, the default_char is used. When fonts have all characters of the same
size, only the information in th¥FontStruct min and max bounds are used.

The members of th&FontStruct have the following semantics:

The direction member can be eitlintLeftToRight or FontRightToLeft. Itis just a

hint as to whether mo3tCharStruct elements have a positivedntLeftToRight ) or a
negative FontRightToLeft ) character width metric. The core protocol defines no support
for vertical text.

If the min_bytel and max_bytel members are both zero, min_char_or_byte2 specifies the
linear character index corresponding to the first element of the per_char array, and
max_char_or_byte2 specifies the linear character index of the last element.

If either min_bytel or max_bytel are nonzero, both min_char_or_byte2 and
max_char_or_byte2 are less than 256, and the 2-byte character index values corresponding
to the per_char array element N (counting from 0) are:
bytel = N/D + min_bytel
byte2 = N\D + min_char_or_byte2
where:
D =max_char_or_byte2 — min_char_or_byte2 + 1
/ = integer division
\ = integer modulus

If the per_char pointer is NULL, all glyphs between the first and last character indexes
inclusive have the same information, as given by both min_bounds and max_bounds.

If all_chars_exist iSTrue, all characters in the per_char array have nonzero bounding
boxes.

The default_char member specifies the character that will be used when an undefined or
nonexistent character is printed. The default_char is a 16-bit character (not a 2-byte charac-
ter). For a font using 2-byte matrix format, the default_char has bytel in the most-
significant byte and byte2 in the least-significant byte. If the default_char itself specifies an
undefined or nonexistent character, no printing is performed for an undefined or nonexistent
character.

The min_bounds and max_bounds members contain the most extreme values of each indi-
vidual XCharStruct component over all elements of this array (and ignore nonexistent
characters). The bounding box of the font (the smallest rectangle enclosing the shape
obtained by superimposing all of the characters at the same origin [x,y]) has its upper-left
coordinate at:

[x + min_bounds.Ibearing, y — max_bounds.ascent]

Its width is:

max_bounds.rbearing — min_bounds.lbearing

Its height is:

max_bounds.ascent + max_bounds.descent

The ascent member is the logical extent of the foovathe baseline that is used for deter-
mining line spacing. Specific characters may extend beyond this.

163



Xlib — C Library X11, Release 6

. The descent member is the logical extent of the font at or below the baseline that is used for
determining line spacing. Specific characters may extend beyond this.

. If the baseline is at Y-coordinate vy, the logical extent of the font is inclusive between the
Y-coordinate values (y — font.ascent) and (y + font.descent — 1). Typically, the minimum
interline spacing between rows of text is given by ascent + descent.

For a character origin at [x,y], the bounding box of a character (that is, the smallest rectangle that
encloses the character’s shape) described in terdd€bérStruct components is a rectangle
with its upper-left corner at:

[x + Ibearing, y — ascent]
Its width is:
rbearing — Ibearing
Its height is:
ascent + descent
The origin for the next character is defined to be:
[X + width, y]

The lbearing member defines the extent of the left edge of the character ink from the origin. The
rbearing member defines the extent of the right edge of the character ink from the origin. The
ascent member defines the extent of the top edge of the character ink from the origin. The
descent member defines the extent of the bottom edge of the character ink from the origin. The
width member defines the logical width of the character.

Note that the baseline (the y position of the character origin) is logically viewed as being the
scanline just below nondescending characters. When descent is zero, only pixels with Y-coordi-
nates less than y are drawn, and the origin is logically viewed as being coincident with the left
edge of a nonkerned character. When Ibearing is zero, no pixels with X-coordinate less than x are
drawn. Any of theXCharStruct metric members could be negative. If the width is negative, the
next character will be placed to the left of the current origin.

The X protocol does not define the interpretation of the attributes membe{HaStruct
structure. A nonexistent character is represented with all members<@lhirStruct set to
zero.

A font is not guaranteed to have any properties. The interpretation of the property value (for
example, long or unsigned long) must be derived fagmiori knowledge of the property. A
basic set of font properties is specified in the X Consortium staXdaodical Font Description
Conventions

8.5.1. Loading and Freeing Fonts
Xlib provides functions that you can use to load fonts, get font information, unload fonts, and free
font information. A few font functions use@Context resource ID or a font ID interchangeably.

To load a given font, us¥LoadFont.
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Font XLoadFontdisplay, name
Display *display;,
char hame

display Specifies the connection to the X server.
name Specifies the name of the font, which is a null-terminated string.

The XLoadFont function loads the specified font and returns its associated font ID. If the font
name is not in the Host Portable Character Encoding, the result is implementation dependent.
Use of uppercase or lowercase does not matter. When the characters “?” and “*” are used in a
font name, a pattern match is performed and any matching font is used. In the pattern, the “?”
character will match any single character, and the “*” character will match any number of char-
acters. A structured format for font names is specified in the X Consortium st&ndagital

Font Description Conventiondf XLoadFont was unsuccessful at loading the specified font, a
BadNameerror results. Fonts are not associated with a particular screen and can be stored as a
component of any GC. When the font is no longer neededXthiloadFont.

XLoadFont can generat®adAlloc and BadNameerrors.
To return information about an available font, X&ueryFont.

XFontStruct *XQueryFontdisplay, font_ID)
Display *display;
XID font_ID;

display Specifies the connection to the X server.
font_ID Specifies the font ID or th&Context ID.

The XQueryFont function returns a pointer to thé&FontStruct structure, which contains infor-
mation associated with the font. You can query a font or the font stored in a GC. The font ID
stored in theXFontStruct structure will be thesContext ID, and you need to be careful when
using this ID in other functions (se&ContextFromGC). If the font does not exisKQuery-
Font returns NULL. To free this data, udd-reeFontinfo.

To perform aXLoadFont and XQueryFont in a single operation, us€_oadQueryFont.

XFontStruct *XLoadQueryFontlisplay, name
Display *display,
char *name
display Specifies the connection to the X server.
name Specifies the name of the font, which is a null-terminated string.

The XLoadQueryFont function provides the most common way for accessing a fhbad-
QueryFont both opens (loads) the specified font and returns a pointer to the appropriate
XFontStruct structure. If the font name is not in the Host Portable Character Encoding, the
result is implementation dependent. If the font does not elisiadQueryFont returns NULL.

XLoadQueryFont can generate BadAlloc error.
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To unload the font and free the storage used by the font structure that was alloc&faueby-
Font or XLoadQueryFont, useXFreeFont.

XFreeFont(isplay, font_struc)

Display *display,

XFontStruct font_struct
display Specifies the connection to the X server.
font_struct Specifies the storage associated with the font.

The XFreeFont function deletes the association between the font resource ID and the specified
font and frees th&XFontStruct structure. The font itself will be freed when no other resource
references it. The data and the font should not be referenced again.

XFreeFont can generate BadFont error.
To return a given font property, u¥&etFontProperty .

Bool XGetFontPropertyfont_struct atom, value_returr)
XFontStruct font_struct
Atom atom;
unsigned long ¥alue_return
font_struct Specifies the storage associated with the font.
atom Specifies the atom for the property name you want returned.

value_return Returns the value of the font property.

Given the atom for that property, t&etFontProperty function returns the value of the speci-
fied font property. XGetFontProperty also returng-alseif the property was not defined or

True if it was defined. A set of predefined atoms exists for font properties, which can be found
in <X11/Xatom.h>. This set contains the standard properties associated with a font. Although it
is not guaranteed, it is likely that the predefined font properties will be present.

To unload a font that was loaded ¥izoadFont, use XUnloadFont.

XUnloadFont flisplay, font)

Display *display,

Fontfont;
display Specifies the connection to the X server.
font Specifies the font.

The XUnloadFont function deletes the association between the font resource ID and the speci-
fied font. The font itself will be freed when no other resource references it. The font should not
be referenced again.

XUnloadFont can generate BadFont error.
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8.5.2. Obtaining and Freeing Font Names and Information

You obtain font names and information by matching a wildcard specification when querying a
font type for a list of available sizes and so on.

To return a list of the available font names, XséstFonts.

char **XListFonts display, pattern, maxnamesactual_count_returih
Display *display;,
char *pattern;
int maxnames
int *actual_count_return

display Specifies the connection to the X server.
pattern Specifies the null-terminated pattern string that can contain wildcard characters.
maxnames  Specifies the maximum number of names to be returned.

actual_count_return
Returns the actual number of font names.

The XListFonts function returns an array of available font names (as controlled by the font

search path; se¥SetFontPath) that match the string you passed to the pattern argument. The
pattern string can contain any characters, but each asterisk (*) is a wildcard for any number of
characters, and each question mark (?) is a wildcard for a single character. If the pattern string is
not in the Host Portable Character Encoding, the result is implementation dependent. Use of
uppercase or lowercase does not matter. Each returned string is null-terminated. If the data
returned by the server is in the Latin Portable Character Encoding, then the returned strings are in
the Host Portable Character Encoding. Otherwise, the result is implementation dependent. If
there are no matching font named,istFonts returns NULL. The client should callFree-
FontNameswhen finished with the result to free the memory.

To free a font name array, u¥&reeFontNames

XFreeFontNamediét)
char #ist[];

list Specifies the array of strings you want to free.

The XFreeFontNamesfunction frees the array and strings returnehystFonts or
XListFontsWithinfo .

To obtain the names and information about available fontsXustFontsWithinfo .
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char **XListFontsWithInfo display, pattern maxnamescount_returninfo_return)
Display *display;,
char *pattern;
int maxnames
int *count_return
XFontStruct *tinfo_return;

display Specifies the connection to the X server.

pattern Specifies the null-terminated pattern string that can contain wildcard characters.
maxnames  Specifies the maximum number of names to be returned.

count_return Returns the actual number of matched font names.

info_return Returns the font information.

The XListFontsWithinfo function returns a list of font names that match the specified pattern

and their associated font information. The list of names is limited to size specified by maxnames.
The information returned for each font is identical to wkiabadQueryFont would return

except that the per-character metrics are not returned. The pattern string can contain any charac-
ters, but each asterisk (*) is a wildcard for any number of characters, and each question mark (?)
is a wildcard for a single character. If the pattern string is not in the Host Portable Character
Encoding, the result is implementation dependent. Use of uppercase or lowercase does not mat-
ter. Each returned string is null-terminated. If the data returned by the server is in the Latin
Portable Character Encoding, then the returned strings are in the Host Portable Character Encod-
ing. Otherwise, the result is implementation dependent. If there are no matching font names,
XListFontsWithInfo returns NULL.

To free only the allocated name array, the client shoulddakeFontNames To free both the
name array and the font information array or to free just the font information array, the client
should callXFreeFontInfo.

To free font structures and font names, ¥&eeeFontInfo.

XFreeFontinfofamesfree_infq actual_coun}
char *names
XFontStruct free_infq
int actual_count

names Specifies the list of font names.
free_info Specifies the font information.

actual_count Specifies the actual number of font names.

The XFreeFontIinfo function frees a font structure or an array of font structures, and optionally

an array of font names. If NULL is passed for names, no font names are freed. If a font structure
for an open font (returned byLoadQueryFont) is passed, the structure is freed but the font is

not closed; usXUnloadFont to close the font.
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8.5.3. Computing Character String Sizes

Xlib provides functions that you can use to compute the width, the logical extents, and the server
information about 8-bit and 2-byte text strings. The width is computed by adding the character
widths of all the characters. It does not matter if the font is an 8-bit or 2-byte font. These func-
tions return the sum of the character metrics, in pixels.

To determine the width of an 8-bit character string, XiSextWidth .

int XTextWidth (font_struct string, count)

XFontStruct font_struct

char *string;

int count
font_struct Specifies the font used for the width computation.
string Specifies the character string.

count Specifies the character count in the specified string.

To determine the width of a 2-byte character string XiEextWidth16 .

int XTextWidth16 font_struct string, count)

XFontStruct font_struct

XCharz2b *string;

int count
font_struct Specifies the font used for the width computation.
string Specifies the character string.

count Specifies the character count in the specified string.

8.5.4. Computing Logical Extents
To compute the bounding box of an 8-bit character string in a given fonX TesgeExtents.
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XTextExtentsfont_struct string, nchars direction_return font_ascent_return
font_descent_returroverall_return)
XFontStruct font_struct
char *string;
int nchars
int *direction_return
int *font_ascent_returrrfont_descent_retutn
XCharStruct dverall_return

font_struct Specifies thexFontStruct structure.
string Specifies the character string.
nchars Specifies the number of characters in the character string.

direction_return
Returns the value of the direction hifofhtLeftToRight or FontRightToLeft).

font_ascent_return
Returns the font ascent.

font_descent_return
Returns the font descent.

overall_return Returns the overall size in the specifd@harStruct structure.

To compute the bounding box of a 2-byte character string in a given forX;TegéExtents16.

XTextExtents16font_struct string, nchars direction_return font_ascent_return
font_descent_returroverall_return)
XFontStruct font_struct
XChar2b *string;
int nchars
int *direction_return
int *font_ascent_returrrfont_descent_retutn
XCharStruct vverall_return

font_struct Specifies thexFontStruct structure.
string Specifies the character string.
nchars Specifies the number of characters in the character string.

direction_return
Returns the value of the direction hiffoptLeftToRight or FontRightToLeft ).

font_ascent_return
Returns the font ascent.

font_descent_return
Returns the font descent.
overall_return Returns the overall size in the specifi¢@harStruct structure.

The XTextExtents and XTextExtents16 functions perform the size computation locally and,
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thereby, avoid the round-trip overheadXueryTextExtents and XQueryTextExtents16.
Both functions return aXCharStruct structure, whose members are set to the values as follows.

The ascent member is set to the maximum of the ascent metrics of all characters in the string.
The descent member is set to the maximum of the descent metrics. The width member is set to
the sum of the character-width metrics of all characters in the string. For each character in the
string, let W be the sum of the character-width metrics of all characters preceding it in the string.
Let L be the left-side-bearing metric of the character plus W. Let R be the right-side-bearing met-
ric of the character plus W. The Ibearing member is set to the minimum L of all characters in the
string. The rbearing member is set to the maximum R.

For fonts defined with linear indexing rather than 2-byte matrix indexing,X@btlar2b struc-
ture is interpreted as a 16-bit number with bytel as the most-significant byte. If the font has no
defined default character, undefined characters in the string are taken to have all zero metrics.

8.5.5. Querying Character String Sizes

To query the server for the bounding box of an 8-bit character string in a given font, use
XQueryTextExtents.

XQueryTextExtentsdisplay, font_ID, string, nchars direction_return font_ascent_return
font_descent_returroverall_return)
Display *display,
XID font_ID;
char *string;
int nchars
int *direction_return
int *font_ascent_returrrfont _descent_retutn
XCharStruct bverall_return

display Specifies the connection to the X server.

font_ID Specifies either the font ID or tli&Context ID that contains the font.
string Specifies the character string.

nchars Specifies the number of characters in the character string.

direction_return
Returns the value of the direction hifofhtLeftToRight or FontRightToLeft).

font_ascent_return
Returns the font ascent.

font_descent_return
Returns the font descent.

overall_return Returns the overall size in the specifd@harStruct structure.

To query the server for the bounding box of a 2-byte character string in a given font, use
XQueryTextExtents16.
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XQueryTextExtents1&lisplay, font_ID, string, nchars direction_return font_ascent_return

font_descent_returroverall_return)

Display *display;,

XID font_ID;

XChar2b *string;

int nchars

int *direction_return

int *font_ascent_returrrfont_descent_retutn

XCharStruct dverall_return

display Specifies the connection to the X server.

font_ID Specifies either the font ID or tli@Context ID that contains the font.
string Specifies the character string.

nchars Specifies the number of characters in the character string.

direction_return
Returns the value of the direction hiffoptLeftToRight or FontRightToLeft ).

font_ascent_return
Returns the font ascent.

font_descent_return
Returns the font descent.

overall_return Returns the overall size in the specifi¢@harStruct structure.

The XQueryTextExtents and XQueryTextExtents16 functions return the bounding box of the
specified 8-bit and 16-bit character string in the specified font or the font contained in the speci-
fied GC. These functions query the X server and, therefore, suffer the round-trip overhead that is
avoided byXTextExtents and XTextExtents16. Both functions return XCharStruct struc-

ture, whose members are set to the values as follows.

The ascent member is set to the maximum of the ascent metrics of all characters in the string.
The descent member is set to the maximum of the descent metrics. The width member is set to
the sum of the character-width metrics of all characters in the string. For each character in the
string, let W be the sum of the character-width metrics of all characters preceding it in the string.
Let L be the left-side-bearing metric of the character plus W. Let R be the right-side-bearing met-
ric of the character plus W. The Ibearing member is set to the minimum L of all characters in the
string. The rbearing member is set to the maximum R.

For fonts defined with linear indexing rather than 2-byte matrix indexing, X@blar2b struc-
ture is interpreted as a 16-bit number with bytel as the most-significant byte. If the font has no
defined default character, undefined characters in the string are taken to have all zero metrics.

Characters with all zero metrics are ignored. If the font has no defined default_char, the unde-
fined characters in the string are also ignored.

XQueryTextExtents and XQueryTextExtents16 can generatBadFont and BadGC errors.

8.6. Drawing Text

This section discusses how to draw:
. Complex text

. Text characters
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. Image text characters
The fundamental text functionéDrawText and XDrawText16 use the following structures:

typedef struct {

char *chars; [* pointer to string */

int nchars; /* number of characters */

int delta; /* delta between strings */

Font font; /* Font to print it in, None don’t change */
} XTextltem;
typedef struct {

XCharz2b *chars; [* pointer to two-byte characters */

int nchars; /* number of characters */

int delta; /* delta between strings */

Font font; * font to print it in, None don’t change */
} XTextltem16;

If the font member is ndtlone, the font is changed before printing and also is stored in the GC.

If an error was generated during text drawing, the previous items may have been drawn. The
baseline of the characters are drawn starting at the x and y coordinates that you pass in the text
drawing functions.

For example, consider the background rectangle drawkDbpwImageString. If you want the
upper-left corner of the background rectangle to be at pixel coordinate (x,y), pass the (x,y +
ascent) as the baseline origin coordinates to the text functions. The ascent is the font ascent, as
given in theXFontStruct structure. If you want the lower-left corner of the background rectan-
gle to be at pixel coordinate (x,y), pass the (x,y — descent + 1) as the baseline origin coordinates
to the text functions. The descent is the font descent, as givenXitmStruct structure.

8.6.1. Drawing Complex Text

To draw 8-bit characters in a given drawable, XBrawText .
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XDrawText(display d, gc, X, y, items nitemg
Display *display;,
Drawabled;
GCgc;
intx,y;
XTextltem *items
int nitems

display Specifies the connection to the X server.

d Specifies the drawable.
gc Specifies the GC.

Specify the x and y coordinates, which are relative to the origin of the specified
drawable and define the origin of the first character.

items Specifies an array of text items.
nitems Specifies the number of text items in the array.

To draw 2-byte characters in a given drawable, XiBeawText16.

XDrawText16 display, d, gc, X, y, items nitemg
Display *display,
Drawabled;
GCgc;
intx,y;
XTextltem16 items
int nitems

display Specifies the connection to the X server.

d Specifies the drawable.
gc Specifies the GC.

Specify the x and y coordinates, which are relative to the origin of the specified
drawable and define the origin of the first character.

items Specifies an array of text items.
nitems Specifies the number of text items in the array.

The XDrawText16 function is similar toXDrawText except that it uses 2-byte or 16-bit charac-
ters. Both functions allow complex spacing and font shifts between counted strings.

Each text item is processed in turn. A font member other fware in an item causes the font to

be stored in the GC and used for subsequent text. A text element delta specifies an additional
change in the position along the x axis before the string is drawn. The delta is always added to
the character origin and is not dependent on any characteristics of the font. Each character image,
as defined by the font in the GC, is treated as an additional mask for a fill operation on the draw-
able. The drawable is modified only where the font character has a bit set to 1. If a text item gen-
erates éBadFont error, the previous text items may have been drawn.
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For fonts defined with linear indexing rather than 2-byte matrix indexing,X@btlar2b struc-
ture is interpreted as a 16-bit number with bytel as the most-significant byte.

Both functions use these GC components: function, plane-mask, fill-style, font, subwindow-
mode, clip-x-origin, clip-y-origin, and clip-mask. They also use these GC mode-dependent com-
ponents: foreground, background, tile, stipple, tile-stipple-x-origin, and tile-stipple-y-origin.

XDrawText and XDrawText16 can generat®adDrawable, BadFont, BadGC, andBad-
Match errors.

8.6.2. Drawing Text Characters
To draw 8-bit characters in a given drawable, ¥BrawString .

XDrawString display, d, gc, X, y, string, length)

Display *display,

Drawabled;

GCggc;

intx,y;

char *string;

int length;
display Specifies the connection to the X server.
d Specifies the drawable.

gc Specifies the GC.

Specify the x and y coordinates, which are relative to the origin of the specified
drawable and define the origin of the first character.

string Specifies the character string.
length Specifies the number of characters in the string argument.

To draw 2-byte characters in a given drawable, XBeawString16.
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XDrawsString16 ¢isplay, d, gc, X, y, string, length)

Display *display;,

Drawabled;

GCgc;

intx,y;

XChar2b *string;

int length;
display Specifies the connection to the X server.
d Specifies the drawable.
gc Specifies the GC.

Specify the x and y coordinates, which are relative to the origin of the specified
drawable and define the origin of the first character.

string Specifies the character string.
length Specifies the number of characters in the string argument.

Each character image, as defined by the font in the GC, is treated as an additional mask for a fill
operation on the drawable. The drawable is modified only where the font character has a bit set to
1. For fonts defined with 2-byte matrix indexing and used WiBmawString16, each byte is

used as a byte2 with a bytel of zero.

Both functions use these GC components: function, plane-mask, fill-style, font, subwindow-
mode, clip-x-origin, clip-y-origin, and clip-mask. They also use these GC mode-dependent com-
ponents: foreground, background, tile, stipple, tile-stipple-x-origin, and tile-stipple-y-origin.

XDrawsString and XDrawString16 can generat8adDrawable, BadGC, and BadMatch
errors.

8.6.3. Drawing Image Text Characters

Some applications, in particular terminal emulators, need to print image text in which both the
foreground and background bits of each character are painted. This prevents annoying flicker on
many displays.

To draw 8-bit image text characters in a given drawable XiDrawlmageString .
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XDrawlmageStringdisplay, d, gc, X, y, string, length)
Display *display;
Drawabled;
GCgc;
intx,y;
char *string;
int length;
display Specifies the connection to the X server.
d Specifies the drawable.

gc Specifies the GC.

Specify the x and y coordinates, which are relative to the origin of the specified
drawable and define the origin of the first character.

string Specifies the character string.
length Specifies the number of characters in the string argument.

To draw 2-byte image text characters in a given drawableXDsawlmageString16.

XDrawlmageString16display, d, gc, X, y, string, length)

Display *display,

Drawabled;

GCgc;

intx,y;

XChar2b *string;

int length;
display Specifies the connection to the X server.
d Specifies the drawable.
gc Specifies the GC.

Specify the x and y coordinates, which are relative to the origin of the specified
drawable and define the origin of the first character.

string Specifies the character string.
length Specifies the number of characters in the string argument.

The XDrawlmageString16 function is similar toXDrawlmageString except that it uses 2-byte
or 16-bit characters. Both functions also use both the foreground and background pixels of the
GC in the destination.

The effect is first to fill a destination rectangle with the background pixel defined in the GC and
then to paint the text with the foreground pixel. The upper-left corner of the filled rectangle is at:

[x, y — font-ascent]
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The width is:
overall-width
The height is:
font-ascent + font-descent

The overall-width, font-ascent, and font-descent are as would be returix&@uayy TextEx-
tents using gc and string. The function and fill-style defined in the GC are ignored for these
functions. The effective function i8Xcopy, and the effective fill-style ifillSolid .

For fonts defined with 2-byte matrix indexing and used WillrawlmagesString, each byte is
used as a byte2 with a bytel of zero.

Both functions use these GC components: plane-mask, foreground, background, font, subwin-
dow-mode, clip-x-origin, clip-y-origin, and clip-mask.

XDrawlmageString and XDrawlmageString16 can generat®adDrawable, BadGC, and
BadMatch errors.

8.7. Transferring Images between Client and Server

Xlib provides functions that you can use to transfer images between a client and the server.
Because the server may require diverse data formats, Xlib provides an image object that fully
describes the data in memory and that provides for basic operations on that data. You should ref-
erence the data through the image object rather than referencing the data directly. However, some
implementations of the Xlib library may efficiently deal with frequently used data formats by
replacing functions in the procedure vector with special case functions. Supported operations
include destroying the image, getting a pixel, storing a pixel, extracting a subimage of an image,
and adding a constant to an image (see section 16.8).

All the image manipulation functions discussed in this section make use Xlntlage structure,
which describes an image as it exists in the client's memory.
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typedef struct _Xlmage {

int width, height; [* size of image */

int xoffset; /* number of pixels offset in X direction */
int format; [* XYBitmap, XYPixmap, ZPixmap */
char *data; [* pointer to image data */

int byte_order; [* data byte order, LSBFirst, MSBFirst */
int bitmap_unit; /* quant. of scanline 8, 16, 32 */

int bitmap_bit_order; [* LSBFirst, MSBFirst */

int bitmap_pad; /* 8, 16, 32 either XY or ZPixmap */

int depth; /* depth of image */

int bytes_per_line; [* accelerator to next scanline */

int bits_per_pixel; [* bits per pixel (ZPixmap) */

unsigned long red_mask; [* bits in z arrangement */

unsigned long green_mask;
unsigned long blue_mask;
XPointer obdata; * hook for the object routines to hang on */
struct funcs { [* image manipulation routines */
struct _XImage *(*create_image)();
int (*destroy_image)();
unsigned long (*get_pixel)();
int (*put_pixel();
struct _Xlmage *(*sub_image)();
int (*add_pixel)();
H;
} XImage;

To initialize the image manipulation routines of an image structureXumsgmage .

Status Xlnitimageiage
XIimage image

ximage Specifies the image.

The Xlnitimage function initializes the internal image manipulation routines of an image struc-
ture, based on the values of the various structure members. All fields other than the manipulation
routines must already be initialized. If the bytes_per_line member isXkridmage will

assume the image data is contiguous in memory and set the bytes per_line member to an appro-
priate value based on the other members; otherwise, the value of bytes_per_line is not changed.
All of the manipulation routines are initialized to functions that other Xlib image manipulation
functions need to operate on the the type of image specified by the rest of the structure.

This function must be called for any image constructed by the client before passing it to any other
Xlib function. Image structures created or returned by Xlib do not need to be initialized in this
fashion.

This function returns a nonzero status if initialization of the structure is successful. It returns zero
if it detected some error or inconsistency in the structure, in which case the image is not changed.

To combine an image with a rectangle of a drawable on the displayugamage.
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XPutlmage @lisplay, d, gc, image src_x src_y, dest_x dest_y width, heighi)
Display *display;
Drawabled;
GCgc;
XIlmage image
int src_x src_y,
int dest_x dest_y
unsigned intvidth, height,

display Specifies the connection to the X server.

d Specifies the drawable.

gc Specifies the GC.

image Specifies the image you want combined with the rectangle.

Src_x Specifies the offset in X from the left edge of the image defined bylthage
structure.

src_y Specifies the offset in Y from the top edge of the image defined B¥ithage
structure.

dest_x

dest y Specify the x and y coordinates, which are relative to the origin of the drawable
and are the coordinates of the subimage.

width

height Specify the width and height of the subimage, which define the dimensions of the

rectangle.

The XPutlmage function combines an image with a rectangle of the specified drawable. The
section of the image defined by the src_x, src_y, width, and height arguments is drawn on the
specified part of the drawable. XfYBitmap format is used, the depth of the image must be one,
or aBadMatch error results. The foreground pixel in the GC defines the source for the one bits
in the image, and the background pixel defines the source for the zero bid§YFigmap and
ZPixmap, the depth of the image must match the depth of the drawabl&axMatch error

results.

If the characteristics of the image (for example, byte _order and bitmap_unit) differ from what the
server requiresXPutimage automatically makes the appropriate conversions.

This function uses these GC components: function, plane-mask, subwindow-mode, clip-x-origin,
clip-y-origin, and clip-mask. It also uses these GC mode-dependent components: foreground and
background.

XPutimage can generat®adDrawable, BadGC, BadMatch, and BadValue errors.

To return the contents of a rectangle in a given drawable on the displa¢Gesenage. This
function specifically supports rudimentary screen dumps.

180



Xlib — C Library X11, Release 6

Xlmage *XGetlmagedisplay, d, X, y, width, height, plane_maskformat)
Display *display;
Drawabled;
intx,y;
unsigned intvidth, height
unsigned longlane_mask

int format;

display Specifies the connection to the X server.

d Specifies the drawable.

X

y Specify the x and y coordinates, which are relative to the origin of the drawable
and define the upper-left corner of the rectangle.

width

height Specify the width and height of the subimage, which define the dimensions of the
rectangle.

plane_mask Specifies the plane mask.

format Specifies the format for the image. You can p&g®ixmap or ZPixmap.

The XGetlmage function returns a pointer to afmage structure. This structure provides you
with the contents of the specified rectangle of the drawable in the format you specify. If the for-
mat argument iXYPixmap, the image contains only the bit planes you passed to the
plane_mask argument. If the plane_mask argument only requests a subset of the planes of the
display, the depth of the returned image will be the number of planes requested. If the format
argument iZPixmap, XGetlmage returns as zero the bits in all planes not specified in the
plane_mask argument. The function performs no range checking on the values in plane_mask
and ignores extraneous bits.

XGetlmage returns the depth of the image to the depth member oflthage structure. The

depth of the image is as specified when the drawable was created, except when getting a subset of
the planes irKYPixmap format, when the depth is given by the number of bits setto 1 in
plane_mask.

If the drawable is a pixmap, the given rectangle must be wholly contained within the pixmap, or a
BadMatch error results. If the drawable is a window, the window must be viewable, and it must
be the case that if there were no inferiors or overlapping windows, the specified rectangle of the
window would be fully visible on the screen and wholly contained within the outside edges of the
window, or aBadMatch error results. Note that the borders of the window can be included and
read with this request. If the window has backing-store, the backing-store contents are returned
for regions of the window that are obscured by noninferior windows. If the window does not
have backing-store, the returned contents of such obscured regions are undefined. The returned
contents of visible regions of inferiors of a different depth than the specified window’s depth are
also undefined. The pointer cursor image is not included in the returned contents. If a problem
occurs,XGetlmage returns NULL.

XGetlmage can generatBadDrawable, BadMatch, andBadValue errors.

To copy the contents of a rectangle on the display to a location within a preexisting image struc-
ture, usexGetSublmage.
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Xlmage *XGetSublmagedisplay, d, X, y, width, height, plane_maskformat, dest_imagedest_x
dest y
Display *display;,
Drawabled;
intx,y;
unsigned intvidth, height,
unsigned longlane_mask
int format;
XImage *dest_image
int dest_x dest y

display Specifies the connection to the X server.

d Specifies the drawable.

X

y Specify the x and y coordinates, which are relative to the origin of the drawable
and define the upper-left corner of the rectangle.

width

height Specify the width and height of the subimage, which define the dimensions of the
rectangle.

plane_mask Specifies the plane mask.

format Specifies the format for the image. You can pég®ixmap or ZPixmap.

dest_image Specifies the destination image.

dest x

dest_y Specify the x and y coordinates, which are relative to the origin of the destination

rectangle, specify its upper-left corner, and determine where the subimage is
placed in the destination image.

The XGetSublmage function updates dest_image with the specified subimage in the same man-
ner asXGetlmage. If the format argument iXYPixmap, the image contains only the bit planes
you passed to the plane_mask argument. If the format argunigPidanap, XGetSublmage

returns as zero the bits in all planes not specified in the plane_mask argument. The function per-
forms no range checking on the values in plane_mask and ignores extraneous bits. As a con-
venience XGetSublmagereturns a pointer to the samtémage structure specified by

dest_image.

The depth of the destinatiofimage structure must be the same as that of the drawable. If the
specified subimage does not fit at the specified location on the destination image, the right and
bottom edges are clipped. If the drawable is a pixmap, the given rectangle must be wholly con-
tained within the pixmap, or BadMatch error results. If the drawable is a window, the window
must be viewable, and it must be the case that if there were no inferiors or overlapping windows,
the specified rectangle of the window would be fully visible on the screen and wholly contained
within the outside edges of the window, oBadMatch error results. If the window has back-
ing-store, then the backing-store contents are returned for regions of the window that are obscured
by noninferior windows. If the window does not have backing-store, the returned contents of
such obscured regions are undefined. The returned contents of visible regions of inferiors of a
different depth than the specified window’s depth are also undefined. If a problem X¢gets,
Sublmagereturns NULL.
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XGetSublmage can generatBadDrawable, BadGC, BadMatch, andBadValue errors.
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Chapter 9

Window and Session Manager Functions

Although it is difficult to categorize functions as exclusively for an application, a window man-

ager, or a session manager, the functions in this chapter are most often used by window managers
and session managers. It is not expected that these functions will be used by most application
programs. Xlib provides management functions to:

. Change the parent of a window

. Control the lifetime of a window

. Manage installed colormaps

. Set and retrieve the font search path
. Grab the server

. Kill a client

. Control the screen saver

. Control host access

9.1. Changing the Parent of a Window

To change a window’s parent to another window on the same screexiReparentWindow.
There is no way to pve awindow between screens.

XReparentWindowdisplay, w, parent, X, y)
Display *display,
Window w;
Window parent;
intx,y;

display Specifies the connection to the X server.

w Specifies the window.

parent Specifies the parent window.

X

y Specify the x and y coordinates of the position in the new parent window.

If the specified window is mappedReparentWindow automatically performs abnmapWin-

dow request on it, removes it from its current position in the hierarchy, and inserts it as the child
of the specified parent. The window is placed in the stacking order on top with respect to sibling
windows.

After reparenting the specified windoXfReparentWindow causes the X server to generate a
ReparentNotify event. The override_redirect member returned in this event is set to the win-
dow’s corresponding attribute. Window manager clients usually should ignore this window if this
member is set tdrue. Finally, if the specified window was originally mapped, the X server
automatically performs MapWindow request on it.

184



Xlib — C Library X11, Release 6

The X server performs normal exposure processing on formerly obscured windows. The X server
might not generat&xposeevents for regions from the initislnmapWindow request that are
immediately obscured by the finslapWindow request. ABadMatch error results if:

. The new parent window is not on the same screen as the old parent window.
. The new parent window is the specified window or an inferior of the specified window.
. The new parent itnputOnly , and the window is not.

. The specified window hasRarentRelative background, and the new parent window is not
the same depth as the specified window.

XReparentWindow can generat®@adMatch and BadWindow errors.

9.2. Controlling the Lifetime of a Window

The save-set of a client is a list of other clients’ windows that, if they are inferiors of one of the
client’s windows at connection close, should not be destroyed and should be remapped if they are
unmapped. For further information about close-connection processing, see section 2.6. To allow
an application’s window to survive when a window manager that has reparented a window fails,
Xlib provides the save-set functions that you can use to control the longevity of subwindows that
are normally destroyed when the parent is destroyed. For example, a window manager that wants
to add decoration to a window by adding a frame might reparent an application’s window. When
the frame is destroyed, the application’s window should not be destroyed but be returned to its
previous place in the window hierarchy.

The X server automatically removes windows from the save-set when they are destroyed.
To add or rerave awindow from the client’s save-set, u€hangeSaveSet

XChangeSaveSatisplay, w, change_mode
Display *display;
Windoww;
int change_mode
display Specifies the connection to the X server.
w Specifies the window that you want to add to or delete from the client’s save-set.

change_mode Specifies the mode. You can p&stModelnsertor SetModeDelete

Depending on the specified modé€ChangeSaveSeeither inserts or deletes the specified win-
dow from the client’'s save-set. The specified window must have been created by some other
client, or aBadMatch error results.

XChangeSaveSetan generatBadMatch, BadValue, andBadWindow errors.

To add a window to the client’s save-set, ¥geddToSaveSet
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XAddToSaveSetdisplay, w)
Display *display;
Window w;
display Specifies the connection to the X server.
w Specifies the window that you want to add to the client’s save-set.

The XAddToSaveSetfunction adds the specified window to the client’s save-set. The specified
window must have been created by some other clientBaddatch error results.

XAddToSaveSetcan generatB8adMatch and BadWindow errors.
To remove avindow from the client’s save-set, u¥&emoveFromSaveSet

XRemoveFromSaveSaeticplay, w)
Display *display,
Window w;

display Specifies the connection to the X server.
w Specifies the window that you want to delete from the client’s save-set.

The XRemoveFromSaveSefunction removes the specified window from the client’s save-set.
The specified window must have been created by some other clierBadiMatch error results.

XRemoveFromSaveSetan generat8adMatch and BadWindow errors.

9.3. Managing Installed Colormaps

The X server maintains a list of installed colormaps. Windows using these colormaps are guaran-
teed to display with correct colors; windows using other colormaps may or may not display with
correct colors. Xlib provides functions that you can use to install a colormap, uninstall a col-
ormap, and obtain a list of installed colormaps.

At any time, there is a subset of the installed maps that is viewed as an ordered list and is called
the required list. The length of the required list is at most M, where M is the minimum number of
installed colormaps specified for the screen in the connection setup. The required list is main-
tained as follows. When a colormap is specifieXbostallColormap , it is added to the head of

the list; the list is truncated at the tail, if necessary, to keep its length to at most M. When a col-
ormap is specified tXUninstallColormap and it is in the required list, it is removed from the

list. A colormap is not added to the required list when it is implicitly installed by the X server,
and the X server cannot implicitly uninstall a colormap that is in the required list.

To install a colormap, us¥InstallColormap .
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XlnstallColormap lisplay, colormap
Display *display;,
Colormapcolormap

display Specifies the connection to the X server.
colormap Specifies the colormap.

The XlnstallColormap function installs the specified colormap for its associated screen. All
windows associated with this colormap immediately display with true colors. You associated the
windows with this colormap when you created them by caM@geateWindow,
XCreateSimpleWindow, XChangeWindowAttributes, or XSetWindowColormap.

If the specified colormap is not already an installed colormap, the X server gendtates a
ormapNotify event on each window that has that colormap. In addition, for every other col-
ormap that is installed as a result of a calKtostallColormap , the X server generatesGol-
ormapNotify event on each window that has that colormap.

XlnstallColormap can generate BadColor error.
To uninstall a colormap, us€UninstallColormap .

XUninstallColormapdisplay, colormap)
Display *display;,
Colormapcolormap

display Specifies the connection to the X server.
colormap Specifies the colormap.

The XUninstallColormap function removes the specified colormap from the required list for its
screen. As aresult, the specified colormap might be uninstalled, and the X server might implic-
itly install or uninstall additional colormaps. Which colormaps get installed or uninstalled is
server-dependent except that the required list must remain installed.

If the specified colormap becomes uninstalled, the X server genel@wdsrenapNotify event

on each window that has that colormap. In addition, for every other colormap that is installed or
uninstalled as a result of a callX@JninstallColormap, the X server generatesGolormapNo-

tify event on each window that has that colormap.

XUninstallColormap can generate BadColor error.

To obtain a list of the currently installed colormaps for a given screen, use
XListInstalledColormaps.
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Colormap *XListInstalledColormapsl{splay, w, num_returr)
Display *display;,
Window w;
int *num_return

display Specifies the connection to the X server.

w Specifies the window that determines the screen.
num_return  Returns the number of currently installed colormaps.

The XListInstalledColormaps function returns a list of the currently installed colormaps for the
screen of the specified window. The order of the colormaps in the list is not significant and is no
explicit indication of the required list. When the allocated list is no longer needed, free it by
using XFree.

XListinstalledColormaps can generate BadwWindow error.

9.4. Setting and Retrieving the Font Search Path

The set of fonts available from a server depends on a font search path. Xlib provides functions to
set and retrieve the search path for a server.

To set the font search path, us8etFontPath.

XSetFontPathdisplay, directories ndirs)
Display *display,
char **directories
int ndirs;

display Specifies the connection to the X server.

directories Specifies the directory path used to look for a font. Setting the path to the empty
list restores the default path defined for the X server.

ndirs Specifies the number of directories in the path.

The XSetFontPath function defines the directory search path for font lookup. There is only one
search path per X server, not one per client. The encoding and interpretation of the strings is
implementation dependent, but typically they specify directories or font servers to be searched in
the order listed. An X server is permitted to cache font information internally; for example, it

might cache an entire font from a file and not check on subsequent opens of that font to see if the
underlying font file has changed. However, when the font path is changed, the X server is guaran-
teed to flush all cached information about fonts for which there currently are no explicit resource
IDs allocated. The meaning of an error from this request is implementation dependent.

XSetFontPath can generate BadValue error.

To get the current font search path, X$getFontPath.
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char **XGetFontPathdisplay, npaths_returi
Display *display;
int *npaths_return

display Specifies the connection to the X server.
npaths_return Returns the number of strings in the font path array.

The XGetFontPath function allocates and returns an array of strings containing the search path.
The contents of these strings are implementation dependent and are not intended to be interpreted
by client applications. When it is no longer needed, the data in the font path should be freed by
using XFreeFontPath.

To free data returned byGetFontPath, use XFreeFontPath.

XFreeFontPatHhist)
char **list;

list Specifies the array of strings you want to free.

The XFreeFontPath function frees the data allocated K¢etFontPath.

9.5. Server Grabbing

Xlib provides functions that you can use to grab and ungrab the server. These functions can be
used to control processing of output on other connections by the window system server. While
the server is grabbed, no processing of requests or close downs on any other connection will
occur. A client closing its connection automatically ungrabs the server. Although grabbing the
server is highly discouraged, it is sometimes necessary.

To grab the server, uséGrabServer.

XGrabServerdisplay)
Display *display;

display Specifies the connection to the X server.

The XGrabServer function disables processing of requests and close downs on all other connec-
tions than the one this request arrived on. You should not grab the X server any more than is
absolutely necessary.

To ungrab the server, us@JngrabServer.
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XUngrabServerdisplay)
Display *display;,

display Specifies the connection to the X server.

The XUngrabServer function restarts processing of requests and close downs on other connec-
tions. You should avoid grabbing the X server as much as possible.

9.6. Killing Clients

Xlib provides a function to cause the connection to a client to be closed and its resources to be
destroyed. To destroy a client, us&illClient .

XKillClient( display, resource
Display *display;
XID resource

display Specifies the connection to the X server.

resource Specifies any resource associated with the client that you want to destroy or
AllTemporary .

The XKillClient function forces a close-down of the client that created the resource if a valid
resource is specified. If the client has already terminated in &tiainPermanentor Retain-
Temporary mode, all of the client’s resources are destroyedllTiemporary is specified, the
resources of all clients that have terminate®&tainTemporary are destroyed (see section 2.5).
This permits implementation of window manager facilities that aid debugging. A client can set
its close-down mode tRetainTemporary. If the client then crashes, its windows would not be
destroyed. The programmer can then inspect the application’s window tree and use the window
manager to destroy the zombie windows.

XKillClient can generate BadValue error.

9.7. Screen Saver Control
Xlib provides functions that you can use to set or reset the mode of the screen saver, to force or
activate the screen saver, or to obtain the current screen saver values.

To set the screen saver mode, XSetScreenSaver
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XSetScreenSavedisplay, timeout interval, prefer_blanking allow_exposures
Display *display;,
int timeout interval;
int prefer_blanking
int allow_exposures

display Specifies the connection to the X server.
timeout Specifies the timeout, in seconds, until the screen saver turns on.
interval Specifies the interval, in seconds, between screen saver alterations.

prefer_blanking
Specifies how to enable screen blanking. You can pasgPreferBlanking,
PreferBlanking, or DefaultBlanking .

allow_exposures
Specifies the screen save control values. You canpas\llowExposures,
AllowExposures, or DefaultExposures

Timeout and interval are specified in seconds. A timeout of O disables the screen saver (but an
activated screen saver is not deactivated), and a timeout of —1 restores the default. Other negative
values generate BadValue error. If the timeout value is nonzerdSetScreenSaveenables the

screen saver. An interval of O disables the random-pattern motion. If no input from devices
(keyboard, mouse, and so on) is generated for the specified number of timeout seconds once the
screen saver is enabled, the screen saver is activated.

For each screen, if blanking is preferred and the hardware supports video blanking, the screen
simply goes blank. Otherwise, if either exposures are allowed or the screen can be regenerated
without sendingexposeevents to clients, the screen is tiled with the root window background

tile randomly re-origined each interval seconds. Otherwise, the screens’ state do not change, and
the screen saver is not activated. The screen saver is deactivated, and all screen states are restored
at the next keyboard or pointer input or at the next catlRorceScreenSavemwith mode
ScreenSaverReset

If the server-dependent screen saver method supports periodic change, the interval argument
serves as a hint about how long the change period should be, and zero hints that no periodic
change should be made. Examples of ways to change the screen include scrambling the colormap
periodically, moving an icon image around the screen periodically, or tiling the screen with the

root window background tile, randomly re-origined periodically.

XSetScreenSavercan generate BadValue error.

To force the screen saver on or off, ddeorceScreenSaver

XForceScreenSavaitisplay, mode

Display *display;
int mode
display Specifies the connection to the X server.
mode Specifies the mode that is to be applied. You can $as=enSaverActiveor
ScreenSaverReset

If the specified mode iScreenSaverActiveand the screen saver currently is deactivated,
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XForceScreenSaveractivates the screen saver even if the screen saver had been disabled with a
timeout of zero. If the specified modeSsreenSaverReseand the screen saver currently is
enabled XForceScreenSavemeactivates the screen saver if it was activated, and the activation
timer is reset to its initial state (as if device input had been received).

XForceScreenSavercan generate BadValue error.
To activate the screen saver, ug&ctivateScreenSaver

XActivateScreenSaved(splay)
Display *display;

display Specifies the connection to the X server.

To reset the screen saver, xdeesetScreenSaver

XResetScreenSavatigplay)
Display *display;

display Specifies the connection to the X server.

To get the current screen saver values, XSetScreenSaver

XGetScreenSaved(splay, timeout_returninterval_return prefer_blanking_return
allow_exposures_retudn
Display *display,
int *timeout_return *interval_return
int *prefer_blanking_return
int *allow_exposures_return

display Specifies the connection to the X server.

timeout_return Returns the timeout, in seconds, until the screen saver turns on.

interval_return
Returns the interval between screen saver invocations.

prefer_blanking_return
Returns the current screen blanking prefereBmn{PreferBlanking,
PreferBlanking, or DefaultBlanking).

allow_exposures_return
Returns the current screen save control valen(AllowExposures,
AllowExposures, or DefaultExposures).

9.8. Controlling Host Access
This section discusses how to:
. Add, get, or rerave hosts from the access control list
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. Change, enable, or disable access

X does not provide any protection on a per-window basis. If you find out the resource ID of a
resource, you can manipulate it. To provide some minimal level of protection, however, connec-
tions are permitted only from machines you trust. This is adequate on single-user workstations
but obviously breaks down on timesharing machines. Although provisions exist in the X protocol
for proper connection authentication, the lack of a standard authentication server leaves host-level
access control as the only common mechanism.

The initial set of hosts allowed to open connections typically consists of:
. The host the window system is running on.

. On POSIX-conformant systems, each host listed ingteX?.hostsfile. The ? indicates
the number of the display. This file should consist of host names separated by newlines.
DECnet nodes must terminate in :: to distinguish them from Internet hosts.

If a host is not in the access control list when the access control mechanism is enabled and if the
host attempts to establish a connection, the server refuses the connection. To change the access
list, the client must reside on the same host as the server and/or must have been granted permis-
sion in the initial authorization at connection setup.

Servers also can implement other access control policies in addition to or in place of this host
access facility. For further information about other access control implementations, see “X Win-
dow System Protocol.”

9.8.1. Adding, Getting, or Removing Hosts

Xlib provides functions that you can use to add, get, oovermosts from the access control list.
All the host access control functions use Xt¢ostAddress structure, which contains:

typedef struct {

int family; [* for example FamilyInternet */

int length; * length of address, in bytes */

char *address; [* pointer to where to find the address */
} XHostAddress;

The family member specifies which protocol address family to use (for example, TCP/IP or DEC-
net) and can b&amilylnternet , FamilyDECnet, or FamilyChaos. The length member speci-
fies the length of the address in bytes. The address member specifies a pointer to the address.

For TCP/IP, the address should be in network byte order. For the DECnet family, the server per-
forms no automatic swapping on the address bytes. A Phase IV address is two bytes long. The
first byte contains the least-significant eight bits of the node number. The second byte contains
the most-significant two bits of the node number in the least-significant two bits of the byte and
the area in the most-significant six bits of the byte.

To add a single host, uséAddHost.
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XAddHost (display, hosf)

Display *display;,

XHostAddress host
display Specifies the connection to the X server.
host Specifies the host that is to be added.

The XAddHost function adds the specified host to the access control list for that display. The
server must be on the same host as the client issuing the commamhdiaesserror results.

XAddHost can generatBadAccessand BadValue errors.
To add multiple hosts at one time, usaddHosts.

XAddHosts isplay, hosts num_hosty

Display *display,

XHostAddress hosts

int num_hosts
display Specifies the connection to the X server.
hosts Specifies each host that is to be added.
num_hosts  Specifies the number of hosts.

The XAddHosts function adds each specified host to the access control list for that display. The
server must be on the same host as the client issuing the commamBhd#faesserror results.

XAddHosts can generatBadAccessand BadValue errors.
To obtain a host list, uséListHosts.

XHostAddress *XListHosts{isplay, nhosts_returnstate returr)
Display *display;
int *nhosts_return
Bool *state_return
display Specifies the connection to the X server.
nhosts_return Returns the number of hosts currently in the access control list.

state_return Returns the state of the access control.

The XListHosts function returns the current access control list as well as whether the use of the
list at connection setup was enabled or disabMdstHosts allows a program to find out what
machines can make connections. It also returns a pointer to a list of host structures that were allo-
cated by the function. When no longer needed, this memory should be freed byXatkeg

To remove aingle host, usXRemoveHost

194



Xlib — C Library X11, Release 6

XRemoveHostdisplay, hosf)

Display *display;

XHostAddress host
display Specifies the connection to the X server.
host Specifies the host that is to be removed.

The XRemoveHostfunction removes the specified host from the access control list for that dis-
play. The server must be on the same host as the client proce&aahecesserror results. If

you renoveyour machine from the access list, you can no longer connect to that server, and this
operation cannot be reversed unless you reset the server.

XRemoveHostcan generatBadAccessand BadValue errors.
To removemultiple hosts at one time, u¥d&RemoveHosts

XRemoveHostsdisplay, hosts num_hosty

Display *display;

XHostAddress hosts

int num_hosts
display Specifies the connection to the X server.
hosts Specifies each host that is to be removed.

num_hosts  Specifies the number of hosts.

The XRemoveHostsfunction removes each specified host from the access control list for that
display. The X server must be on the same host as the client proce8adAXaesserror

results. If you remaveyour machine from the access list, you can no longer connect to that
server, and this operation cannot be reversed unless you reset the server.

XRemoveHostscan generat®adAccessand BadValue errors.

9.8.2. Changing, Enabling, or Disabling Access Control
Xlib provides functions that you can use to enable, disable, or change access control.
For these functions to execute successfully, the client application must reside on the same host as

the X server and/or have been given permission in the initial authorization at connection setup.

To change access control, us8etAccessControl

XSetAccessControtlisplay, mode

Display *display;
int mode
display Specifies the connection to the X server.
mode Specifies the mode. You can pd&sableAccessor DisableAccess

The XSetAccessControlfunction either enables or disables the use of the access control list at
each connection setup.
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XSetAccessControlcan generat®adAccessand BadValue errors.
To enable access control, usEnableAccessControl

XEnableAccessContrati{splay)
Display *display;,
display Specifies the connection to the X server.

The XEnableAccessControlfunction enables the use of the access control list at each connec-
tion setup.

XEnableAccessControlcan generate BadAccesserror.
To disable access control, ugBisableAccessControl

XDisableAccessControtisplay)
Display *display;
display Specifies the connection to the X server.

The XDisableAccessControlfunction disables the use of the access control list at each connec-
tion setup.

XDisableAccessControlcan generate BadAccesserror.
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Chapter 10

Events

A client application communicates with the X server through the connection you establish with

the XOpenDisplay function. A client application sends requests to the X server over this con-
nection. These requests are made by the Xlib functions that are called in the client application.
Many Xlib functions cause the X server to generate events, and the user’s typing or moving the
pointer can generate events asynchronously. The X server returns events to the client on the same
connection.

This chapter discusses the following topics associated with events:
. Event types

. Event structures

. Event mask

. Event processing

Functions for handling events are dealt with in the next chapter.

10.1. Event Types

An event is data generated asynchronously by the X server as a result of some device activity or
as side effects of a request sent by an Xlib function. Device-related events propagate from the
source window to ancestor windows until some client application has selected that event type or
until the event is explicitly discarded. The X server generally sends an event to a client applica-
tion only if the client has specifically asked to be informed of that event type, typically by setting
the event-mask attribute of the window. The mask can also be set when you create a window or
by changing the window’s event-mask. You can also mask out events that would propagate to
ancestor windows by manipulating the do-not-propagate mask of the window'’s attributes. How-
ever,MappingNotify events are always sent to all clients.

An event type describes a specific event generated by the X server. For each event type, a corre-
sponding constant name is defined ¥iL4/X.h>, which is used when referring to an event type.

The following table lists the event category and its associated event type or types. The processing
associated with these events is discussed in section 10.5.

Event Category Event Type

Keyboard events KeyPress KeyRelease

Pointer events ButtonPress, ButtonRelease MotionNotify
Window crossing events EnterNotify , LeaveNotify

Input focus events FocuslIn, FocusOut

Keymap state notification event KeymapNotify

Exposure events Expose GraphicsExpose NoOExpose
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Event Category Event Type

Structure control events CirculateRequest, ConfigureRequest MapRequest,
ResizeRequest

Window state notification events CirculateNotify , ConfigureNotify, CreateNotify,
DestroyNotify, GravityNotify , MapNotify ,
MappingNotify , ReparentNotify, UnmapNotify, Vis-
ibilityNotify

Colormap state notification event ~ ColormapNotify

Client communication events ClientMessage PropertyNotify , SelectionClear,
SelectionNotify, SelectionRequest

10.2. Event Structures

For each event type, a corresponding structure is declaretiLlityXlib.h>. All the event struc-
tures have the following common members:

typedef struct {
int type;
unsigned long serial; * # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */
Window window;
} XAnyEvent;

The type member is set to the event type constant name that uniquely identifies it. For example,
when the X server reportsGraphicsExposeevent to a client application, it sendsX@raph-
icsExposeEventstructure with the type member setGoaphicsExpose The display member is

set to a pointer to the display the event was read on. The send_event memberTisuseif tihe

event came from &endEventprotocol request. The serial member is set from the serial number
reported in the protocol but expanded from the 16-bit least-significant bits to a full 32-bit value.
The window member is set to the window that is most useful to toolkit dispatchers.

The X server can send events at any time in the input stream. Xlib stores any events received
while waiting for a reply in an event queue for later use. Xlib also provides functions that allow
you to check events in the event queue (see section 11.3).

In addition to the individual structures declared for each event typ&HBhent structure is a
union of the individual structures declared for each event type. Depending on the type, you
should access members of each event by usingHvent union.
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typedef union _XEvent {
int type; /* must not be changed */
XAnyEvent xany;
XKeyEvent xkey;
XButtonEvent xbutton;
XMotionEvent xmotion;
XCrossingEvent xcrossing;
XFocusChangeEvent xfocus;
XExposeEvent xexpose;
XGraphicsExposeEvent xgraphicsexpose;
XNoExposeEvent xnoexpose;
XVisibilityEvent xvisibility;
XCreateWindowEvent xcreatewindow;
XDestroyWindowEvent xdestroywindow;
XUnmapEvent xunmap;
XMapEvent xmap;
XMapRequestEvent xmaprequest;
XReparentEvent xreparent;
XConfigureEvent xconfigure;
XGravityEvent xgravity;
XResizeRequestEvent xresizerequest;
XConfigureRequestEvent xconfigurerequest;
XCirculateEvent xcirculate;
XCirculateRequestEvent xcirculaterequest;
XPropertyEvent xproperty;
XSelectionClearEvent xselectionclear;
XSelectionRequestEvent xselectionrequest;
XSelectionEvent xselection;
XColormapEvent xcolormap;
XClientMessageEvent xclient;
XMappingEvent xmapping;
XErrorEvent xerror;
XKeymapEvent xkeymap;
long pad[24];

} XEvent;

An XEvent structure’s first entry always is the type member, which is set to the event type. The
second member always is the serial number of the protocol request that generated the event. The
third member always is send_event, which Boml that indicates if the event was sent by a dif-

ferent client. The fourth member always is a display, which is the display that the event was read
from. Except for keymap events, the fifth member always is a window, which has been carefully
selected to be useful to toolkit dispatchers. To avoid breaking toolkits, the order of these first five
entries is not to change. Most events also contain a time member, which is the time at which an
event occurred. In addition, a pointer to the generic event must be cast before it is used to access
any other information in the structure.

10.3. Event Masks

Clients select event reporting of most events relative to a window. To do this, pass an event mask
to an Xlib event-handling function that takes an event_mask argument. The bits of the event
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mask are defined in.1/X.h>. Each bit in the event mask maps to an event mask name, which
describes the event or events you want the X server to return to a client application.

Unless the client has specifically asked for them, most events are not reported to clients when
they are generated. Unless the client suppresses them by setting graphics-exposures in the GC to
False, GraphicsExposeand NoExposeare reported by default as a resulX@opyPlane and
XCopyArea. SelectionClear, SelectionRequest SelectionNotify, or ClientMessagecannot

be masked. Selection related events are only sent to clients cooperating with selections (see sec-
tion 4.5). When the keyboard or pointer mapping is changegpingNotify is always sent to

clients.

The following table lists the event mask constants you can pass to the event_mask argument and

the circumstances in which you would want to specify the event mask:

Event Mask Circumstances

NoEventMask No events wanted

KeyPressMask Keyboard down events wanted
KeyReleaseMask Keyboard up events wanted
ButtonPressMask Pointer button down events wanted
ButtonReleaseMask Pointer button up events wanted
EnterWindowMask Pointer window entry events wanted

LeaveWindowMask
PointerMotionMask
PointerMotionHintMask

Pointer window leave events wanted
Pointer motion events wanted
Pointer motion hints wanted

Button1MotionMask Pointer motion while button 1 down
Button2MotionMask Pointer motion while button 2 down
Button3MotionMask Pointer motion while button 3 down
Button4MotionMask Pointer motion while button 4 down
Button5MotionMask Pointer motion while button 5 down
ButtonMotionMask Pointer motion while any button down
KeymapStateMask Keyboard state wanted at window entry and focus in
ExposureMask Any exposure wanted
VisibilityChangeMask Any change in visibility wanted
StructureNotifyMask Any change in window structure wanted
ResizeRedirectMask Redirect resize of this window
SubstructureNotifyMask Substructure notification wanted

SubstructureRedirectMask

Redirect structure requests on children

FocusChangeMask Any change in input focus wanted
PropertyChangeMask Any change in property wanted

ColormapChangeMask Any change in colormap wanted
OwnerGrabButtonMask Automatic grabs should activate with owner_events set

to True

10.4. Event Processing Overview

The event reported to a client application during event processing depends on which event masks
you provide as the event-mask attribute for a window. For some event masks, there is a one-to-
one correspondence between the event mask constant and the event type constant. For example,
if you pass the event ma8luttonPressMask, the X server sends back oryttonPressevents.

Most events contain a time member, which is the time at which an event occurred.
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In other cases, one event mask constant can map to several event type constants. For example, if
you pass the event maSkibstructureNotifyMask , the X server can send back

CirculateNotify , ConfigureNotify, CreateNotify, DestroyNotify, GravityNotify ,

MapNotify , ReparentNotify, or UnmapNotify events.

In another case, two event masks can map to one event type. For example, if you pass either
PointerMotionMask or ButtonMotionMask , the X server sends backvotionNotify event.

The following table lists the event mask, its associated event type or types, and the structure name
associated with the event type. Some of these structures actually are typedefs to a generic struc-
ture that is shared between two event types. Note that N.A. appears in columns for which the
information is not applicable.

Event Mask Event Type Structure Generic Structure
ButtonMotionMask MotionNotify XPointerMovedEvent XMotionEvent
Button1MotionMask
Button2MotionMask
Button3MotionMask
Button4MotionMask
Button5MotionMask
ButtonPressMask ButtonPress XButtonPressedEvent XButtonEvent
ButtonReleaseMask ButtonRelease XButtonReleasedEvent XButtonEvent
ColormapChangeMask ColormapNotify XColormapEvent
EnterWindowMask EnterNotify XEnterWindowEvent XCrossingEvent
LeaveWindowMask LeaveNotify XLeaveWindowEvent XCrossingEvent
ExposureMask Expose XExposeEvent
GCGraphicsExposures in GC  GraphicsExpose XGraphicsExposeEvent
NoExpose XNoExposeEvent
FocusChangeMask Focusin XFocusInEvent XFocusChangeEvent
FocusOut XFocusOutEvent XFocusChangeEvent
KeymapStateMask KeymapNotify XKeymapEvent
KeyPressMask KeyPress XKeyPressedEvent XKeyEvent
KeyReleaseMask KeyRelease XKeyReleasedEvent XKeyEvent
OwnerGrabButtonMask N.A. N.A.
PointerMotionMask MotionNotify XPointerMovedEvent XMotionEvent
PointerMotionHintMask N.A. N.A.
PropertyChangeMask PropertyNotify XPropertyEvent
ResizeRedirectMask ResizeRequest XResizeRequestEvent
StructureNotifyMask CirculateNotify XCirculateEvent
ConfigureNotify XConfigureEvent
DestroyNotify XDestroyWindowEvent
GravityNotify XGravityEvent
MapNotify XMapEvent
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Event Mask Event Type Structure Generic Structure
ReparentNotify XReparentEvent
UnmapNotify XUnmapEvent

SubstructureNotifyMask CirculateNotify XCirculateEvent
ConfigureNotify XConfigureEvent
CreateNotify XCreateWindowEvent
DestroyNotify XDestroyWindowEvent
GravityNotify XGravityEvent
MapNotify XMapEvent
ReparentNotify XReparentEvent
UnmapNotify XUnmapEvent

SubstructureRedirectMask

CirculateRequest

XCirculateRequestEvent

ConfigureRequest XConfigureRequestEvent
MapRequest XMapRequestEvent
N.A. ClientMessage XClientMessageEvent
N.A. MappingNotify XMappingEvent
N.A. SelectionClear XSelectionClearEvent
N.A. SelectionNotify XSelectionEvent
N.A. SelectionRequest XSelectionRequestEvent

VisibilityChangeMask

VisibilityNotify

XVisibilityEvent

The sections that follow describe the processing that occurs when you select the different event
masks. The sections are organized according to these processing categories:

. Keyboard and pointer events

. Window crossing events

. Input focus events

. Keymap state notification events

. Exposure events

. Window state notification events

. Structure control events

. Colormap state notification events
. Client communication events

10.5. Keyboard and Pointer Events
This section discusses:

. Pointer button events

. Keyboard and pointer events

10.5.1. Pointer Button Events

The following describes the event processing that occurs when a pointer button press is processed
with the pointer in some window w and when no active pointer grab is in progress.
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The X server searches the ancestors of w from the root down, looking for a passive grab to acti-
vate. If no matching passive grab on the button exists, the X server automatically starts an active
grab for the client receiving the event and sets the last-pointer-grab time to the current server
time. The effect is essentially equivalent toXd@rabButton with these client passed argu-

ments:

Argument Value
w The event window
event_mask The client’s selected pointer events on the event window
pointer_maode GrabModeAsync
keyboard_mode GrabModeAsync
owner_events True, if the client has selecte@wnerGrabButton-
Mask on the event window, otherwidgealse
confine_to None
cursor None

The active grab is automatically terminated when the logical state of the pointer has all buttons
released. Clients can modify the active grab by calMhingrabPointer and
XChangeActivePointerGrab.

10.5.2. Keyboard and Pointer Events

This section discusses the processing that occurs for the keyboardkePtessand KeyRe-
leaseand the pointer evenButtonPress, ButtonRelease andMotionNotify . For information
about the keyboard event-handling utilities, see chapter 11.

The X server report&eyPressor KeyReleaseevents to clients wanting information about keys

that logically change state. Note that these events are generated for all keys, even those mapped
to modifier bits. The X server repofittonPressor ButtonReleaseevents to clients wanting
information about buttons that logically change state.

The X server report¥otionNotify events to clients wanting information about when the pointer
logically moves. The X server generates this event whenever the pointer is moved and the pointer
motion begins and ends in the window. The granularitylofionNotify events is not guaran-

teed, but a client that selects this event type is guaranteed to receive at least one event when the
pointer moves and then rests.

The generation of the logical changes lags the physical changes if device event processing is
frozen.

To receiveKeyPress KeyRelease ButtonPress, and ButtonReleaseevents, set
KeyPressMask KeyReleaseMask ButtonPressMask, and ButtonReleaseMaskbits in the
event-mask attribute of the window.

To receiveMotionNotify events, set one or more of the following event masks bits in the event-
mask attribute of the window.

. Button1MotionMask — Button5MotionMask

The client application receivédotionNotify events only when one or more of the speci-
fied buttons is pressed.

. ButtonMotionMask

The client application receivédotionNotify events only when at least one button is
pressed.
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. PointerMotionMask
The client application receiveédotionNotify events independent of the state of the pointer
buttons.

. PointerMotionHintMask

If PointerMotionHintMask is selected in combination with one or more of the above

masks, the X server is free to send only MwtionNotify event (with the is_hint member

of the XPointerMovedEvent structure set tdNotifyHint ) to the client for the event win-

dow, until either the key or button state changes, the pointer leaves the event window, or the
client callsXQueryPointer or XGetMotionEvents. The server still may sendotion-

Notify events without is_hint set tdotifyHint .

The source of the event is the viewable window that the pointer is in. The window used by the X
server to report these events depends on the window’s position in the window hierarchy and
whether any intervening window prohibits the generation of these events. Starting with the
source window, the X server searches up the window hierarchy until it locates the first window
specified by a client as having an interest in these events. If one of the intervening windows has
its do-not-propagate-mask set to prohibit generation of the event type, the events of those types
will be suppressed. Clients can modify the actual window used for reporting by performing
active grabs and, in the case of keyboard events, by using the focus window.

The structures for these event types contain:
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typedef struct {
int type;
unsigned long serial;
Bool send_event;
Display *display;
Window window;
Window root;
Window subwindow;
Time time;
intx,y;
int X_root, y_root;
unsigned int state;
unsigned int button;
Bool same_screen;
} XButtonEvent;

X11, Release 6

[* ButtonPress or ButtonRelease */
* # of last request processed by server */
[* true if this came from a SendEvent request */
/* Display the event was read from */
[* “event” window it is reported relative to */
* root window that the event occurred on */
* child window */
* milliseconds */
[* pointer X, y coordinates in event window */
/* coordinates relative to root */
/* key or button mask */
/* detail */
/* same screen flag */

typedef XButtonEvent XButtonPressedEvent;
typedef XButtonEvent XButtonReleasedEvent;

typedef struct {
int type;
unsigned long serial;
Bool send_event;
Display *display;
Window window;
Window root;
Window subwindow;
Time time;
int x,y;
int x_root, y_root;
unsigned int state;
unsigned int keycode;
Bool same_screen;
} XKeyEvent;

typedef XKeyEvent XKeyPressedEvent;
typedef XKeyEvent XKeyReleasedEvent;

typedef struct {
int type;
unsigned long serial;
Bool send_event;
Display *display;
Window window;
Window root;
Window subwindow;
Time time;
intx,y;
int x_root, y_root;
unsigned int state;
char is_hint;

/* KeyPress or KeyRelease */
[* # of last request processed by server */
[* true if this came from a SendEvent request */
/* Display the event was read from */
/* “event” window it is reported relative to */
/* root window that the event occurred on */
/* child window */
/* milliseconds */
[* pointer x, y coordinates in event window */
[* coordinates relative to root */
* key or button mask */
* detail */
/* same screen flag */

/* MotionNotify */
[* # of last request processed by server */
[* true if this came from a SendEvent request */
/* Display the event was read from */
/* “event” window reported relative to */
* root window that the event occurred on */
/* child window */
/* milliseconds */
[* pointer X, y coordinates in event window */
/* coordinates relative to root */
* key or button mask */
[* detail */
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Bool same_screen; /* same screen flag */
} XMotionEvent;
typedef XMotionEvent XPointerMovedEvent;

These structures have the following common members: window, root, subwindow, time, X, y,
X_root, y_root, state, and same_screen. The window member is set to the window on which the
event was generated and is referred to as the event window. As long as the conditions previously
discussed are met, this is the window used by the X server to report the event. The root member
is set to the source window’s root window. The x_root and y_root members are set to the
pointer’s coordinates relative to the root window’s origin at the time of the event.

The same_screen member is set to indicate whether the event window is on the same screen as the
root window and can be eith&rue or False. If True, the event and root windows are on the
same screen. False the event and root windows are not on the same screen.

If the source window is an inferior of the event window, the subwindow member of the structure

is set to the child of the event window that is the source window or the child of the event window
that is an ancestor of the source window. Otherwise, the X server sets the subwindow member to
None. The time member is set to the time when the event was generated and is expressed in mil-
liseconds.

If the event window is on the same screen as the root window, the x and y members are set to the
coordinates relative to the event window's origin. Otherwise, these members are set to zero.

The state member is set to indicate the logical state of the pointer buttons and modifier keys just
prior to the event, which is the bitwise inclusive OR of one or more of the button or modifier key
masks:Button1Mask, Button2Mask, Button3Mask, Button4Mask, Button5Mask,

ShiftMask, LockMask, ControlMask , Mod1Mask, Mod2Mask, Mod3Mask, Mod4Mask,

and Mod5Mask.

Each of these structures also has a member that indicates the detail. Xi¢eyrressedEvent

and XKeyReleasedEventstructures, this member is called keycode. Itis set to a number that
represents a physical key on the keyboard. The keycode is an arbitrary representation for any key
on the keyboard (see sections 12.7 and 16.1).

For the XButtonPressedEventand XButtonReleasedEventstructures, this member is called
button. It represents the pointer button that changed state and carBogttimd., Button2,
Button3, Button4, or Button5 value. For theXPointerMovedEvent structure, this member is
called is_hint. It can be set ddotifyNormal or NotifyHint .

Some of the symbols mentioned in this section have fixed values, as follows:

Symbol Value
Button1lMotionMask (1L<<8)
Button2MotionMask (1L<<9)
Button3MotionMask (1L<<10)
Button4MotionMask (1L<<11)
Button5MotionMask (1L<<12)
Button1lMask (1<<8)
Button2Mask (1<<9)
Button3Mask (1<<10)
Button4Mask (1<<11)
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Symbol Value
Button5Mask (1<<12)
ShiftMask (1<<0)
LockMask (1<<1)
ControlMask (1<<2)
Mod1Mask (1<<3)
Mod2Mask (1<<4)
Mod3Mask (1<<5)
Mod4Mask (1<<6)
Mod5Mask (1<<7)
Buttonl 1
Button2 2
Button3 3
Button4 4
Button5 5

10.6. Window Entry/Exit Events

This section describes the processing that occurs for the window crossingkavieniéotify
andLeaveNotify. If a pointer motion or a window hierarchy change causes the pointer to be in a
different window than before, the X server repdtgerNotify or LeaveNotify events to clients

who have selected for these events. EiterNotify andLeaveNotify events caused by a hierar-
chy change are generated after any hierarchy etsmnhépNotify, MapNotify ,

ConfigureNotify, GravityNotify , CirculateNotify ) caused by that change; however, the X pro-
tocol does not constrain the orderingtafterNotify andLeaveNotify events with respect to
FocusOut, VisibilityNotify , and Exposeevents.

This contrasts wittMotionNotify events, which are also generated when the pointer moves but
only when the pointer motion begins and ends in a single windowEmerNotify or LeaveNo-

tify event also can be generated when some client applicatiorXGaédPointer and
XUngrabPointer.

To receiveEnterNotify or LeaveNotify events, set thEnterwWindowMask or LeaveWindow-
Mask bits of the event-mask attribute of the window.

The structure for these event types contains:
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typedef struct {
int type; /* EnterNotify or LeaveNotify */
unsigned long serial; * # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */
Window window; /* “event” window reported relative to */
Window root; * root window that the event occurred on */
Window subwindow; * child window */
Time time; /* milliseconds */
intx,y; [* pointer X, y coordinates in event window */
int X_root, y_root; [* coordinates relative to root */
int mode; /* NotifyNormal, NotifyGrab, NotifyUngrab */
int detail;
/*
* NotifyAncestor, NotifyVirtual, Notifylnferior,
* NotifyNonlinear,NotifyNonlinearVirtual
*/
Bool same_screen; /* same screen flag */
Bool focus; /* boolean focus */
unsigned int state; I* key or button mask */
} XCrossingEvent;

typedef XCrossingEvent XEnterWindowEvent;
typedef XCrossingEvent XLeaveWindowEvent;

The window member is set to the window on which BrgerNotify or LeaveNotify event was
generated and is referred to as the event window. This is the window used by the X server to
report the event, and is relative to the root window on which the event occurred. The root mem-
ber is set to the root window of the screen on which the event occurred.

For aLeaveNotify event, if a child of the event window contains the initial position of the

pointer, the subwindow component is set to that child. Otherwise, the X server sets the subwin-
dow member taNone. For anEnterNotify event, if a child of the event window contains the

final pointer position, the subwindow component is set to that chikboe.

The time member is set to the time when the event was generated and is expressed in millisec-
onds. The x and y members are set to the coordinates of the pointer position in the event window.
This position is always the pointer’s final position, not its initial position. If the event window is

on the same screen as the root window, X and y are the pointer coordinates relative to the event
window’s origin. Otherwise, x and y are set to zero. The x_root and y_root members are set to
the pointer’s coordinates relative to the root window’s origin at the time of the event.

The same_screen member is set to indicate whether the event window is on the same screen as the
root window and can be eith@&rue or False. If True, the event and root windows are on the
same screen. False the event and root windows are not on the same screen.

The focus member is set to indicate whether the event window is the focus window or an inferior
of the focus window. The X server can set this member to €ltler or False. If True, the

event window is the focus window or an inferior of the focus windowFalke, the event win-

dow is not the focus window or an inferior of the focus window.

The state member is set to indicate the state of the pointer buttons and modifier keys just prior to
the event. The X server can set this member to the bitwise inclusive OR of one or more of the
button or modifier key mask&utton1Mask, Button2Mask, Button3Mask, Button4Mask,
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Button5Mask, ShiftMask, LockMask, ControlMask , Mod1Mask, Mod2Mask,
Mod3Mask, Mod4Mask, Mod5Mask.

The mode member is set to indicate whether the events are normal events, pseudo-motion events
when a grab activates, or pseudo-motion events when a grab deactivates. The X server can set
this member taNotifyNormal , NotifyGrab , or NotifyUngrab .

The detail member is set to indicate the notify detail and catokieyAncestor, NotifyVirtual ,
Notifylnferior , NotifyNonlinear, or NotifyNonlinearVirtual .

10.6.1. Normal Entry/Exit Events

EnterNotify andLeaveNotify events are generated when the pointer moves from one window to
another window. Normal events are identifieddBnterWindowEvent or XLeaveWindow-
Event structures whose mode member is sétiavifyNormal .

. When the pointer moves from window A to window B and A is an inferior of B, the X
server does the following:

- It generates &eaveNotify event on window A, with the detail member of the
XLeaveWindowEvent structure set téNotifyAncestor.

- It generates &eaveNotify event on each window between window A and window
B, exclusive, with the detail member of eaheaveWindowEvent structure set to
NotifyVirtual .

- It generates a&nterNotify event on window B, with the detail member of tKEn-
terwindowEvent structure set tdNotifylnferior .

. When the pointer moves from window A to window B and B is an inferior of A, the X
server does the following:

- It generates &eaveNotify event on window A, with the detail member of the
XLeaveWindowEvent structure set tdNotifyInferior .

- It generates ainterNotify event on each window between window A and window
B, exclusive, with the detail member of eaXBnterWindowEvent structure set to
NotifyVirtual .

- It generates ainterNotify event on window B, with the detail member of KEn-
terWindowEvent structure set tdNotifyAncestor.

. When the pointer moves from window A to window B and window C is their least common
ancestor, the X server does the following:

- It generates &eaveNotify event on window A, with the detail member of the
XLeaveWindowEvent structure set tdNotifyNonlinear .

- It generates &eaveNotify event on each window between window A and window
C, exclusive, with the detail member of eatbheaveWindowEvent structure set to
NotifyNonlinearVirtual .

- It generates a&nterNotify event on each window between window C and window
B, exclusive, with the detail member of eaXBnterWindowEvent structure set to
NotifyNonlinearVirtual .

- It generates ainterNotify event on window B, with the detail member of KEn-
terwindowEvent structure set téNotifyNonlinear .

. When the pointer moves from window A to window B on different screens, the X server
does the following:
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- It generates &eaveNotify event on window A, with the detail member of the
XLeaveWindowEvent structure set téNotifyNonlinear .

- If window A is not a root window, it generated aaveNotify event on each window
abovewindow A up to and including its root, with the detail member of each
XLeaveWindowEvent structure set tdNotifyNonlinearVirtual .

- If window B is not a root window, it generates BnterNotify event on each win-
dow from window B'’s root down to but not including window B, with the detail
member of eaciKEnterWindowEvent structure set tiNotifyNonlinearVirtual .

- It generates ainterNotify event on window B, with the detail member of KEn-
terwindowEvent structure set téNotifyNonlinear .

10.6.2. Grab and Ungrab Entry/Exit Events

Pseudo-motion modEnterNotify and LeaveNotify events are generated when a pointer grab
activates or deactivates. Events in which the pointer grab activates are identXiEdteyWin-
dowEvent or XLeaveWindowEvent structures whose mode member is setidifyGrab .
Events in which the pointer grab deactivates are identifiedthterwWindowEvent or
XLeaveWindowEvent structures whose mode member is sétiddifyUngrab (see
XGrabPointer).

. When a pointer grab activates after any initial warp into a confine_to window and before
generating any actud@uttonPress event that activates the grab, G is the grab_window for
the grab, and P is the window the pointer is in, the X server does the following:

- It generate€nterNotify andLeaveNotify events (see section 10.6.1) with the mode
members of th&XEnterWindowEvent and XLeaveWindowEvent structures set to
NotifyGrab . These events are generated as if the pointer were to suddenly warp
from its current position in P to some position in G. However, the pointer does not
warp, and the X server uses the pointer position as both the initial and final positions
for the events.

. When a pointer grab deactivates after generating any d&timinReleaseevent that
deactivates the grab, G is the grab_window for the grab, and P is the window the pointer is
in, the X server does the following:

- It generate€nterNotify andLeaveNotify events (see section 10.6.1) with the mode
members of th&XEnterWindowEvent and XLeaveWindowEvent structures set to
NotifyUngrab . These events are generated as if the pointer were to suddenly warp
from some position in G to its current position in P. However, the pointer does not
warp, and the X server uses the current pointer position as both the initial and final
positions for the events.

10.7. Input Focus Events

This section describes the processing that occurs for the input focus levemssn and

FocusOut. The X server can repoFocusin or FocusOut events to clients wanting information
about when the input focus changes. The keyboard is always attached to some window (typically,
the root window or a top-level window), which is called the focus window. The focus window

and the position of the pointer determine the window that receives keyboard input. Clients may
need to know when the input focus changes to control highlighting of areas on the screen.

To receiveFocusin or FocusOut events, set thEocusChangeMaskbit in the event-mask
attribute of the window.

210



Xlib — C Library X11, Release 6

The structure for these event types contains:

typedef struct {
int type; /* Focusin or FocusOut */
unsigned long serial; [* # of last request processed by server */
Bool send_event; /* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */
Window window; /* window of event */
int mode; /* NotifyNormal, NotifyGrab, NotifyUngrab */
int detail;
/*
* NotifyAncestor, NotifyVirtual, Notifylnferior,
* NotifyNonlinear,NotifyNonlinearVirtual, NotifyPointer,
* NotifyPointerRoot, NotifyDetailNone
*/
} XFocusChangeEvent;

typedef XFocusChangeEvent XFocusIinEvent;
typedef XFocusChangeEvent XFocusOutEvent;

The window member is set to the window on which Boeusin or FocusOut event was gener-

ated. This is the window used by the X server to report the event. The mode member is set to
indicate whether the focus events are normal focus events, focus events while grabbed, focus
events when a grab activates, or focus events when a grab deactivates. The X server can set the
mode member tdlotifyNormal , NotifyWhileGrabbed , NotifyGrab , or NotifyUngrab .

All FocusOut events caused by a window unmap are generated aftéirangpNotify event;
however, the X protocol does not constrain the orderirigpofisOut events with respect to gen-
eratedEnterNotify , LeaveNotify, VisibilityNotify , andExposeevents.

Depending on the event mode, the detail member is set to indicate the notify detail and can be
NotifyAncestor, NotifyVirtual , Notifylnferior , NotifyNonlinear, NotifyNonlinearVirtual ,
NotifyPointer, NotifyPointerRoot, or NotifyDetailNone.

10.7.1. Normal Focus Events and Focus Events While Grabbed

Normal focus events are identified ByrocusinEvent or XFocusOutEvent structures whose

mode member is set tdotifyNormal . Focus events while grabbed are identifiedfpcusin-

Event or XFocusOutEvent structures whose mode member is sétiodifyWhileGrabbed .

The X server processes normal focus and focus events while grabbed according to the following:

. When the focus moves from window A to window B, A is an inferior of B, and the pointer
is in window P, the X server does the following:

- It generates &ocusOut event on window A, with the detail member of #kEocu-
sOutEvent structure set tdNotifyAncestor.

- It generates &ocusOut event on each window between window A and window B,
exclusive, with the detail member of ea¥kocusOutEvent structure set to
NotifyVirtual .

- It generates &ocuslin event on window B, with the detail member of tkEocu-
sOutEvent structure set tNotifylnferior .
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If window P is an inferior of window B but window P is not window A or an inferior
or ancestor of window A, it generateg-acusin event on each window below win-
dow B, down to and including window P, with the detail member of edebcusin-
Event structure set tdNotifyPointer .

. When the focus moves from window A to window B, B is an inferior of A, and the pointer
is in window P, the X server does the following:

If window P is an inferior of window A but P is not an inferior of window B or an
ancestor of B, it generatedacusOut event on each window from window P up to
but not including window A, with the detail member of eatfocusOutEvent
structure set tdNotifyPointer .

It generates &ocusOut event on window A, with the detail member of tiEocu-
sOutEvent structure set tdNotifylnferior .

It generates &ocuslin event on each window between window A and window B,
exclusive, with the detail member of ea¥kocusInEvent structure set to
NotifyVirtual .

It generates &ocusln event on window B, with the detail member of Kéocusin-
Event structure set tdNotifyAncestor.

. When the focus moves from window A to window B, window C is their least common
ancestor, and the pointer is in window P, the X server does the following:

If window P is an inferior of window A, it generatesFmcusOut event on each win-
dow from window P up to but not including window A, with the detail member of the
XFocusOutEvent structure set tdNotifyPointer .

It generates &ocusOut event on window A, with the detail member of tKEocu-
sOutEvent structure set tdNotifyNonlinear .

It generates &ocusOutevent on each window between window A and window C,
exclusive, with the detail member of ea¥kocusOutEvent structure set to
NotifyNonlinearVirtual .

It generates &ocuslin event on each window between C and B, exclusive, with the
detail member of eackFocusIinEvent structure set tdNotifyNonlinearVirtual .

It generates &ocuslin event on window B, with the detail member of tkEocusin-
Event structure set tdNotifyNonlinear .

If window P is an inferior of window B, it generatedmacusin event on each win-
dow below window B down to and including window P, with the detail member of
the XFocusInEvent structure set tdNotifyPointer .

. When the focus moves from window A to window B on different screens and the pointer is
in window P, the X server does the following:

If window P is an inferior of window A, it generatesF@cusOut event on each win-
dow from window P up to but not including window A, with the detail member of
eachXFocusOutEvent structure set tdNotifyPointer .

It generates &ocusOut event on window A, with the detail member of tkEocu-
sOutEvent structure set tdNotifyNonlinear .

If window A is not a root window, it generatedFacusOut event on each window
abovewindow A up to and including its root, with the detail member of eéEbcu-
sOutEvent structure set tdNotifyNonlinearVirtual .
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If window B is not a root window, it generated=acusin event on each window
from window B'’s root down to but not including window B, with the detail member
of eachXFocusInEvent structure set tdNotifyNonlinearVirtual .

It generates &ocusln event on window B, with the detail member of e&d¥fo-
cusInEvent structure set tdNotifyNonlinear .

If window P is an inferior of window B, it generatedracusin event on each win-
dow below window B down to and including window P, with the detail member of
eachXFocusInEvent structure set tdNotifyPointer .

. When the focus moves from window A RointerRoot (events sent to the window under
the pointer) oMNone (discard), and the pointer is in window P, the X server does the fol-
lowing:

If window P is an inferior of window A, it generatesFacusOut event on each win-
dow from window P up to but not including window A, with the detail member of
eachXFocusOutEvent structure set tiNotifyPointer .

It generates &ocusOut event on window A, with the detail member of tiEocu-
sOutEvent structure set tiNotifyNonlinear .

If window A is not a root window, it generatesFacusOut event on each window
abovewindow A up to and including its root, with the detail member of eéEbcu-
sOutEvent structure set tdNotifyNonlinearVirtual .

It generates &ocusln event on the root window of all screens, with the detail mem-
ber of eachXFocusInEvent structure set téNotifyPointerRoot (or
NotifyDetailNone).

If the new focus iPointerRoot, it generates &ocusin event on each window from
window P’s root down to and including window P, with the detail member of each
XFocusInEvent structure set tdNotifyPointer .

. When the focus moves frofPointerRoot (events sent to the window under the pointer) or
Noneto window A, and the pointer is in window P, the X server does the following:

If the old focus isPointerRoot, it generates &ocusOut event on each window
from window P up to and including window P’s root, with the detail member of each
XFocusOutEvent structure set tdNotifyPointer .

It generates &ocusOut event on all root windows, with the detail member of each
XFocusOutEvent structure set tdNotifyPointerRoot (or NotifyDetailNone).

If window A is not a root window, it generatesFacusin event on each window
from window A's root down to but not including window A, with the detail member
of eachXFocusInEvent structure set téNotifyNonlinearVirtual .

It generates &ocuslin event on window A, with the detail member of tKEo-
cusInEvent structure set tdNotifyNonlinear .

If window P is an inferior of window A, it generatesF@cusin event on each win-
dow below window A down to and including window P, with the detail member of
eachXFocusInEvent structure set tdNotifyPointer .

. When the focus moves froRointerRoot (events sent to the window under the pointer) to
None (or vice versa), and the pointer is in window P, the X server does the following:

If the old focus isPointerRoot, it generates &ocusOut event on each window
from window P up to and including window P’s root, with the detail member of each
XFocusOutEvent structure set tdNotifyPointer .
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- It generates &ocusOut event on all root windows, with the detail member of each
XFocusOutEvent structure set to eithéotifyPointerRoot or NotifyDetailNone.

— It generates &ocuslin event on all root windows, with the detail member of each
XFocuslInEvent structure set tdNotifyDetailNone or NotifyPointerRoot.

- If the new focus ifointerRoot, it generates &ocusin event on each window from
window P’s root down to and including window P, with the detail member of each
XFocuslInEvent structure set tdNotifyPointer .

10.7.2. Focus Events Generated by Grabs

Focus events in which the keyboard grab activates are identifig&dyusinEvent or XFocu-
sOutEvent structures whose mode member is sétitifyGrab . Focus events in which the
keyboard grab deactivates are identifieddBocusIinEvent or XFocusOutEvent structures
whose mode member is setNotifyUngrab (seeXGrabKeyboard ).

. When a keyboard grab activates before generating any &yRressevent that activates
the grab, G is the grab_window, and F is the current focus, the X server does the following:

- It generates-ocusin and FocusOut events, with the mode members of ¥Xieo-
cusIinEvent and XFocusOutEvent structures set tblotifyGrab . These events are
generated as if the focus were to change from F to G.

. When a keyboard grab deactivates after generating any &&yReleaseevent that deac-
tivates the grab, G is the grab_window, and F is the current focus, the X server does the fol-
lowing:

- It generated-ocusin and FocusOut events, with the mode members of Xieo-
cusinEvent and XFocusOutEvent structures set tblotifyUngrab . These events
are generated as if the focus were to change from G to F.

10.8. Key Map State Notification Events

The X server can repokteymapNotify events to clients that want information about changes in
their keyboard state.

To receiveKeymapNotify events, set thEeymapStateMaskbit in the event-mask attribute of
the window. The X server generates this event immediately after EméeyNotify and
Focusin event.

The structure for this event type contains:

/* generated on EnterWindow and Focusln when KeymapState selected */

typedef struct {
int type; /* KeymapNotify */
unsigned long serial; I* # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */

Window window;
char key_vector[32];
} XKeymapEvent;

The window member is not used but is present to aid some toolkits. The key_ vector member is
set to the bit vector of the keyboard. Each bit set to 1 indicates that the corresponding key is cur-
rently pressed. The vector is represented as 32 bytes. Byte N (from 0) contains the bits for keys
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8N to 8N + 7 with the least-significant bit in the byte representing key 8N.

10.9. Exposure Events

The X protocol does not guarantee to preserve the contents of window regions when the windows
are obscured or reconfigured. Some implementations may preserve the contents of windows.
Other implementations are free to destroy the contents of windows when exposed. X expects
client applications to assume the responsibility for restoring the contents of an exposed window
region. (An exposed window region describes a formerly obscured window whose region
becomes visible.) Therefore, the X server sdfixisoseevents describing the window and the

region of the window that has been exposed. A naive client application usually redraws the entire
window. A more sophisticated client application redraws only the exposed region.

10.9.1. Expose Events

The X server can repoExposeevents to clients wanting information about when the contents of
window regions have been lost. The circumstances in which the X server geEsyadss

events are not as definite as those for other events. However, the X server never generates
Exposeevents on windows whose class you specifieahaistOnly . The X server can generate
Exposeevents when no valid contents are available for regions of a window and either the
regions are visible, the regions are viewable and the server is (perhaps newly) maintaining back-
ing store on the window, or the window is not viewable but the server is (perhaps newly) honoring
the window’s backing-store attribute Afways or WhenMapped. The regions decompose into

an (arbitrary) set of rectangles, andExposeevent is generated for each rectangle. For any

given window, the X server guarantees to report contiguously all of the regions exposed by some
action that causeSxposeevents, such as raising a window.

To receiveExposeevents, set thExposureMask bit in the event-mask attribute of the window.
The structure for this event type contains:

typedef struct {
int type; /* Expose */
unsigned long serial; I* # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */
Window window;
int x,y;
int width, height;
int count; * if nonzero, at least this many more */
} XExposeEvent;

The window member is set to the exposed (damaged) window. The x and y members are set to
the coordinates relative to the window’s origin and indicate the upper-left corner of the rectangle.
The width and height members are set to the size (extent) of the rectangle. The count member is
set to the number dxposeevents that are to follow. If count is zero, no mBsposeevents

follow for this window. However, if count is nonzero, at least that numb&xxpbseevents (and
possibly more) follow for this window. Simple applications that do not want to optimize redis-
play by distinguishing between subareas of its window can just igndexdise events with

nonzero counts and perform full redisplays on events with zero counts.
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10.9.2. GraphicsExpose and NoExpose Events

The X server can repo@raphicsExposeevents to clients wanting information about when a
destination region could not be computed during certain graphics regX€sigyArea or
XCopyPlane. The X server generates this event whenever a destination region could not be
computed due to an obscured or out-of-bounds source region. In addition, the X server guaran-
tees to report contiguously all of the regions exposed by some graphics request (for example,
copying an area of a drawable to a destination drawable).

The X server generateNnExposeevent whenever a graphics request that might produce a
GraphicsExposeevent does not produce any. In other words, the client is really asking for a
GraphicsExposeevent but instead receiveN@Exposeevent.

To receiveGraphicsExposeor NoExposeevents, you must first set the graphics-exposure
attribute of the graphics contextToue. You also can set the graphics-expose attribute when
creating a graphics context usik@greateGC or by callingXSetGraphicsExposures

The structures for these event types contain:

typedef struct {
int type; /* GraphicsExpose */
unsigned long serial; I* # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */
Drawable drawable;
int x,y;
int width, height;
int count; /* if nonzero, at least this many more */
int major_code; /* core is CopyArea or CopyPlane */
int minor_code; /* not defined in the core */

} XGraphicsExposeEvent;

typedef struct {
int type; /* NoExpose */
unsigned long serial; * # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */
Drawable drawable;
int major_code; I* core is CopyArea or CopyPlane */
int minor_code; /* not defined in the core */

} XNoExposeEvent;

Both structures have these common members: drawable, major_code, and minor_code. The
drawable member is set to the drawable of the destination region on which the graphics request
was to be performed. The major_code member is set to the graphics request initiated by the client
and can be eitheX_CopyArea or X_CopyPlane. Ifitis X_CopyArea, a call toXCopyArea

initiated the request. If it iX_CopyPlane, a call toXCopyPlane initiated the request. These
constants are defined itX&1/Xproto.h>. The minor_code member, like the major_code mem-

ber, indicates which graphics request was initiated by the client. However, the minor_code mem-
ber is not defined by the core X protocol and will be zero in these cases, although it may be used
by an extension.
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The XGraphicsExposeEventstructure has these additional members: x, y, width, height, and
count. The x and y members are set to the coordinates relative to the drawable’s origin and indi-
cate the upper-left corner of the rectangle. The width and height members are set to the size
(extent) of the rectangle. The count member is set to the num@aphicsExposeevents to

follow. If count is zero, no mor&raphicsExposeevents follow for this window. However, if

count is nonzero, at least that numbeGoaphicsExposeevents (and possibly more) are to fol-

low for this window.

10.10. Window State Change Events
The following sections discuss:

. CirculateNotify events
. ConfigureNotify events
. CreateNotify events

. DestroyNotify events

. GravityNotify events
. MapNotify events

. MappingNotify events
. ReparentNotify events
. UnmapNotify events

. VisibilityNotify events

10.10.1. CirculateNotify Events

The X server can repof@irculateNotify events to clients wanting information about when a

window changes its position in the stack. The X server generates this event type whenever a win-
dow is actually restacked as a result of a client application call@igculate Subwindows,
XCirculateSubwindowsUp, or XCirculateSubwindowsDown.

To receiveCirculateNotify events, set th8tructureNotifyMask bit in the event-mask attribute
of the window or theSubstructureNotifyMask bit in the event-mask attribute of the parent win-
dow (in which case, circulating any child generates an event).

The structure for this event type contains:

typedef struct {
int type; [* CirculateNotify */
unsigned long serial; * # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */

Window event;

Window window;

int place; /* PlaceOnTop, PlaceOnBottom */
} XCirculateEvent;

The event member is set either to the restacked window or to its parent, depending on whether
StructureNotify or SubstructureNotify was selected. The window member is set to the win-
dow that was restacked. The place member is set to the window’s position after the restack
occurs and is eithé?PlaceOnTop or PlaceOnBottom. Ifitis PlaceOnTop, the window is now
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on top of all siblings. If it isPlaceOnBottom, the window is now below all siblings.

10.10.2. ConfigureNotify Events

The X server can repo@onfigureNotify events to clients wanting information about actual

changes to a window’s state, such as size, position, border, and stacking order. The X server gen-
erates this event type whenever one of the following configure window requests made by a client
application actually completes:

. A window’s size, position, border, and/or stacking order is reconfigured by calling
XConfigureWindow .

. The window'’s position in the stacking order is changed by caXibgwerWindow ,
XRaiseWindow, or XRestackWindows.

. A window is moved by callingKMoveWindow .
. A window’s size is changed by callingResizeWindow.
. A window’s size and location is changed by callXijloveResizeWindow.

. A window is mapped and its position in the stacking order is changed by calling
XMapRaised.

. A window’s border width is changed by callingSetWindowBorderWidth .

To receiveConfigureNotify events, set th&tructureNotifyMask bit in the event-mask attribute
of the window or theSubstructureNotifyMask bit in the event-mask attribute of the parent win-
dow (in which case, configuring any child generates an event).

The structure for this event type contains:

typedef struct {
int type; /* ConfigureNotify */
unsigned long serial; I* # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */

Window event;

Window window;

int x,y;

int width, height;

int border_width;

Window above;

Bool override_redirect;
} XConfigureEvent;

The event member is set either to the reconfigured window or to its parent, depending on whether
StructureNotify or SubstructureNotify was selected. The window member is set to the win-
dow whose size, position, border, and/or stacking order was changed.

The x and y members are set to the coordinates relative to the parent window'’s origin and indicate
the position of the upper-left outside corner of the window. The width and height members are
set to the inside size of the window, not including the border. The border_width member is set to
the width of the window’s border, in pixels.

The almvemember is set to the sibling window and is used for stacking operations. If the X
server sets this member one, the window whose state was changed is on the bottom of the
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stack with respect to sibling windows. However, if this member is set to a sibling window, the
window whose state was changed is placed on top of this sibling window.

The override_redirect member is set to the override-redirect attribute of the window. Window
manager clients normally should ignore this window if the override_redirect membreieis

10.10.3. CreateNotify Events

The X server can repo@reateNotify events to clients wanting information about creation of
windows. The X server generates this event whenever a client application creates a window by
calling XCreateWindow or XCreateSimpleWindow.

To receiveCreateNotify events, set th8ubstructureNotifyMask bit in the event-mask attribute
of the window. Creating any children then generates an event.

The structure for the event type contains:

typedef struct {
int type; [* CreateNotify */
unsigned long serial; I* # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */
Window parent; [* parent of the window */
Window window; /* window id of window created */
int x,y; /* window location */
int width, height; [* size of window */
int border_width; [* border width */
Bool override_redirect; [* creation should be overridden */
} XCreateWindowEvent;

The parent member is set to the created window’s parent. The window member specifies the cre-
ated window. The x and y members are set to the created window’s coordinates relative to the
parent window’s origin and indicate the position of the upper-left outside corner of the created
window. The width and height members are set to the inside size of the created window (not
including the border) and are always nonzero. The border_width member is set to the width of
the created window’s border, in pixels. The override_redirect member is set to the override-
redirect attribute of the window. Window manager clients normally should ignore this window if
the override_redirect memberTsue.

10.10.4. DestroyNotify Events

The X server can repoBestroyNotify events to clients wanting information about which win-
dows are destroyed. The X server generates this event whenever a client application destroys a
window by callingXDestroyWindow or XDestroySubwindows

The ordering of théestroyNotify events is such that for any given wind@estroyNotify is
generated on all inferiors of the window before being generated on the window itself. The X pro-
tocol does not constrain the ordering among siblings and across subhierarchies.

To receiveDestroyNotify events, set th8tructureNotifyMask bit in the event-mask attribute of
the window or theSubstructureNotifyMask bit in the event-mask attribute of the parent window
(in which case, destroying any child generates an event).
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The structure for this event type contains:

typedef struct {
int type; [* DestroyNotify */
unsigned long serial; [* # of last request processed by server */
Bool send_event; /* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */

Window event;
Window window;
} XDestroyWindowEvent;

The event member is set either to the destroyed window or to its parent, depending on whether
StructureNotify or SubstructureNotify was selected. The window member is set to the win-
dow that is destroyed.

10.10.5. GravityNotify Events

The X server can repo@ravityNotify events to clients wanting information about when a win-
dow is moved because of a change in the size of its parent. The X server generates this event
whenever a client application actually moves a child window as a result of resizing its parent by
calling XConfigureWindow, XMoveResizeWindow, or XResizeWindow.

To receiveGravityNotify events, set th8tructureNotifyMask bit in the event-mask attribute of
the window or theSubstructureNotifyMask bit in the event-mask attribute of the parent window
(in which case, any child that is moved because its parent has been resized generates an event).

The structure for this event type contains:

typedef struct {
int type; /* GravityNotify */
unsigned long serial; * # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */

Window event;
Window window;
intx,y;

} XGravityEvent;

The event member is set either to the window that was moved or to its parent, depending on
whetherStructureNotify or SubstructureNotify was selected. The window member is set to

the child window that was moved. The x and y members are set to the coordinates relative to the
new parent window’s origin and indicate the position of the upper-left outside corner of the win-
dow.

10.10.6. MapNotify Events

The X server can repoapNotify events to clients wanting information about which windows
are mapped. The X server generates this event type whenever a client application changes the
window’s state from unmapped to mapped by calkdapWindow , XMapRaised,
XMapSubwindows, XReparentWindow, or as a result of save-set processing.
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To receiveMapNotify events, set th8tructureNotifyMask bit in the event-mask attribute of
the window or theSubstructureNotifyMask bit in the event-mask attribute of the parent window
(in which case, mapping any child generates an event).

The structure for this event type contains:

typedef struct {
int type; /* MapNoatify */
unsigned long serial; [* # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */

Window event;

Window window;

Bool override_redirect; /* boolean, is override set... */
} XMapEvent;

The event member is set either to the window that was mapped or to its parent, depending on
whetherStructureNotify or SubstructureNotify was selected. The window member is set to
the window that was mapped. The override_redirect member is set to the override-redirect
attribute of the window. Window manager clients normally should ignore this window if the
override-redirect attribute iSrue , because these events usually are generated from pop-ups,
which override structure control.

10.10.7. MappingNotify Events

The X server reportMappingNotify events to all clients. There is no mechanism to express dis-
interest in this event. The X server generates this event type whenever a client application suc-
cessfully calls:

. XSetModifierMapping to indicate which KeyCodes are to be used as modifiers
. XChangeKeyboardMapping to change the keyboard mapping

. XSetPointerMapping to set the pointer mapping

The structure for this event type contains:

typedef struct {
int type; /* MappingNotify */
unsigned long serial; [* # of last request processed by server */
Bool send_event; /* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */
Window window; /* unused */
int request; /* one of MappingModifier, MappingKeyboard,
MappingPointer */
int first_keycode; [* first keycode */
int count; /* defines range of change w. first_keycode*/
} XMappingEvent;

The request member is set to indicate the kind of mapping change that occurred and can be
MappingModifier , MappingKeyboard, MappingPointer. If itis MappingModifier , the
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modifier mapping was changed. If ithNdappingKeyboard, the keyboard mapping was changed.

If it is MappingPointer, the pointer button mapping was changed. The first_keycode and count
members are set only if the request member was 8éappingKeyboard. The number in

first_keycode represents the first number in the range of the altered mapping, and count represents
the number of keycodes altered.

To update the client application’s knowledge of the keyboard, you should call
XRefreshKeyboardMapping.

10.10.8. ReparentNotify Events

The X server can repoReparentNotify events to clients wanting information about changing a
window’s parent. The X server generates this event whenever a client applicatiokRaftiar-
entWindow and the window is actually reparented.

To receiveReparentNotify events, set th8tructureNotifyMask bit in the event-mask attribute
of the window or theSubstructureNotifyMask bit in the event-mask attribute of either the old or
the new parent window (in which case, reparenting any child generates an event).

The structure for this event type contains:

typedef struct {
int type; [* ReparentNotify */
unsigned long serial; * # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */
Window event;

Window window;

Window parent;

intx,y;

Bool override_redirect;
} XReparentEvent;

The event member is set either to the reparented window or to the old or the new parent, depend-
ing on whetheiStructureNotify or SubstructureNotify was selected. The window member is

set to the window that was reparented. The parent member is set to the new parent window. The
x and y members are set to the reparented window’s coordinates relative to the new parent win-
dow’s origin and define the upper-left outer corner of the reparented window. The over-
ride_redirect member is set to the override-redirect attribute of the window specified by the win-
dow member. Window manager clients normally should ignore this window if the over-
ride_redirect member iSrue.

10.10.9. UnmapNotify Events

The X server can repodnmapNotify events to clients wanting information about which win-
dows are unmapped. The X server generates this event type whenever a client application
changes the window'’s state from mapped to unmapped.

To receiveUnmapNotify events, set th8tructureNotifyMask bit in the event-mask attribute of
the window or theSubstructureNotifyMask bit in the event-mask attribute of the parent window
(in which case, unmapping any child window generates an event).

The structure for this event type contains:
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typedef struct {
int type; /* UnmapNotify */
unsigned long serial; * # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */
Window event;

Window window;
Bool from_configure;
} XUnmapEvent;

The event member is set either to the unmapped window or to its parent, depending on whether
StructureNotify or SubstructureNotify was selected. This is the window used by the X server
to report the event. The window member is set to the window that was unmapped. The
from_configure member is set Toue if the event was generated as a result of a resizing of the
window’s parent when the window itself had a win_gravityuosimapGravity .

10.10.10. VisibilityNotify Events

The X server can repoXisibilityNotify events to clients wanting any change in the visibility of

the specified window. A region of a window is visible if someone looking at the screen can actu-
ally see it. The X server generates this event whenever the visibility changes state. However, this
event is never generated for windows whose clasgistOnly .

All VisibilityNotify events caused by a hierarchy change are generated after any hierarchy event
(UnmapNotify, MapNotify , ConfigureNotify, GravityNotify , CirculateNotify ) caused by

that change. AnyisibilityNotify event on a given window is generated before Bryose

events on that window, but it is not required thatadibilityNotify events on all windows be
generated before diixposeevents on all windows. The X protocol does not constrain the order-
ing of VisibilityNotify events with respect tBocusOut, EnterNotify , and LeaveNotify events.

To receiveVisibilityNotify events, set th¥isibilityChangeMask bit in the event-mask attribute
of the window.

The structure for this event type contains:

typedef struct {
int type; * VisibiltyNotify */
unsigned long serial; I* # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */
Window window;
int state;

} XVisibilityEvent;

The window member is set to the window whose visibility state changes. The state member is set
to the state of the window’s visibility and can WisibilityUnobscured,

VisibilityPartiallyObscured , or VisibilityFullyObscured . The X server ignores all of a win-

dow’s subwindows when determining the visibility state of the window and proceissieii-

tyNotify events according to the following:
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. When the window changes state from patrtially obscured, fully obscured, or not viewable to
viewable and completely unobscured, the X server generates the event with the state mem-
ber of theXVisibilityEvent structure set t¥/isibilityUnobscured.

. When the window changes state from viewable and completely unobscured or not viewable
to viewable and partially obscured, the X server generates the event with the state member
of the XVisibilityEvent structure set t&/isibilityPartiallyObscured .

. When the window changes state from viewable and completely unobscured, viewable and
partially obscured, or not viewable to viewable and fully obscured, the X server generates
the event with the state member of XidisibilityEvent structure set to
VisibilityFullyObscured .

10.11. Structure Control Events
This section discusses:

. CirculateRequestevents
. ConfigureRequestevents
. MapRequestevents

. ResizeRequestvents

10.11.1. CirculateRequest Events

The X server can repo@irculateRequestevents to clients wanting information about when

another client initiates a circulate window request on a specified window. The X server generates
this event type whenever a client initiates a circulate window request on a window and a subwin-
dow actually needs to be restacked. The client initiates a circulate window request on the window
by calling XCirculateSubwindows, XCirculateSubwindowsUp, or

XCirculateSubwindowsDown.

To receiveCirculateRequestevents, set th8ubstructureRedirectMask in the event-mask

attribute of the window. Then, in the future, the circulate window request for the specified win-
dow is not executed, and thus, any subwindow’s position in the stack is not changed. For exam-
ple, suppose a client application cal€irculateSubwindowsUp to raise a subwindow to the

top of the stack. If you had select@dbstructureRedirectMask on the window, the X server
reports to you &irculateRequestevent and does not raise the subwindow to the top of the
stack.

The structure for this event type contains:

typedef struct {
int type; /* CirculateRequest */
unsigned long serial; I* # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */

Window parent;

Window window;

int place; /* PlaceOnTop, PlaceOnBottom */
} XCirculateRequestEvent;

The parent member is set to the parent window. The window member is set to the subwindow to
be restacked. The place member is set to what the new position in the stacking order should be
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and is eitheiPlaceOnTopor PlaceOnBottom. Ifitis PlaceOnTop, the subwindow should be
on top of all siblings. If it iPlaceOnBottom, the subwindow should be below all siblings.

10.11.2. ConfigureRequest Events

The X server can repo@onfigureRequestevents to clients wanting information about when a
different client initiates a configure window request on any child of a specified window. The con-
figure window request attempts to reconfigure a window's size, position, border, and stacking
order. The X server generates this event whenever a different client initiates a configure window
request on a window by callingConfigureWindow, XLowerWindow , XRaiseWindow,
XMapRaised, XMoveResizeWindow, XMoveWindow, XResizeWindow,

XRestackWindows, or XSetWindowBorderWidth .

To receiveConfigureRequestevents, set th8ubstructureRedirectMask bit in the event-mask
attribute of the window.ConfigureRequestevents are generated whe@anfigureWindow
protocol request is issued on a child window by another client. For example, suppose a client
application callsXLowerWindow to lower a window. If you had select&@libstructureRedi-
rectMask on the parent window and if the override-redirect attribute of the window is set to
False, the X server reports @onfigureRequestevent to you and does not lower the specified
window.

The structure for this event type contains:

typedef struct {
int type; /* ConfigureRequest */
unsigned long serial; [* # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */

Window parent;
Window window;
intx,y;
int width, height;
int border_width;
Window above;
int detail; /* Above, Below, Toplf, Bottomlf, Opposite */
unsigned long value_mask;
} XConfigureRequestEvent;

The parent member is set to the parent window. The window member is set to the window whose
size, position, border width, and/or stacking order is to be reconfigured. The value_mask member
indicates which components were specified inGoafigureWindow protocol request. The cor-
responding values are reported as given in the request. The remaining values are filled in from
the current geometry of the window, except in the caseafedbibling) and detail (stack-mode),

which are reported adone and Above, respectively, if they are not given in the request.

10.11.3. MapRequest Events

The X server can repoMapRequestevents to clients wanting information about a different
client’s desire to map windows. A window is considered mapped when a map window request
completes. The X server generates this event whenever a different client initiates a map window
request on an unmapped window whose override_redirect member ig-aétdo Clients initiate

map window requests by callirgMapWindow , XMapRaised, or XMapSubwindows.
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To receiveMapRequestevents, set th8ubstructureRedirectMask bit in the event-mask

attribute of the window. This means another client’s attempts to map a child window by calling
one of the map window request functions is intercepted, and you areMapRequestinstead.

For example, suppose a client application cdsapWindow to map a window. If you (usually

a window manager) had select8dbstructureRedirectMask on the parent window and if the
override-redirect attribute of the window is sefRalse, the X server reports ldlapRequest

event to you and does not map the specified window. Thus, this event gives your window man-
ager client the ability to control the placement of subwindows.

The structure for this event type contains:

typedef struct {
int type; /* MapRequest */
unsigned long serial; * # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */

Window parent;
Window window;
} XMapRequestEvent;

The parent member is set to the parent window. The window member is set to the window to be
mapped.

10.11.4. ResizeRequest Events

The X server can repoResizeRequesevents to clients wanting information about another
client’s attempts to change the size of a window. The X server generates this event whenever
some other client attempts to change the size of the specified window by calling
XConfigureWindow, XResizeWindow, or XMoveResizeWindow.

To receiveResizeRequesevents, set thResizeRedirecthit in the event-mask attribute of the
window. Any attempts to change the size by other clients are then redirected.

The structure for this event type contains:

typedef struct {
int type; /* ResizeRequest */
unsigned long serial; * # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */

Window window;
int width, height;
} XResizeRequestEvent;

The window member is set to the window whose size another client attempted to change. The
width and height members are set to the inside size of the window, excluding the border.

10.12. Colormap State Change Events

The X server can repo@olormapNotify events to clients wanting information about when the
colormap changes and when a colormap is installed or uninstalled. The X server generates this
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event type whenever a client application:

. Changes the colormap member of ¥feetWindowAttributes structure by calling
XChangeWindowAttributes, XFreeColormap, or XSetWindowColormap

. Installs or uninstalls the colormap by calliX¢nstallColormap or XUninstallColormap

To receiveColormapNotify events, set th€olormapChangeMaskbit in the event-mask
attribute of the window.

The structure for this event type contains:

typedef struct {
int type; /* ColormapNotify */
unsigned long serial; [* # of last request processed by server */
Bool send_event; /* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */
Window window;
Colormap colormap; /* colormap or None */
Bool new;
int state; /* Colormaplnstalled, ColormapUninstalled */

} XColormapEvent;

The window member is set to the window whose associated colormap is changed, installed, or
uninstalled. For a colormap that is changed, installed, or uninstalled, the colormap member is set
to the colormap associated with the window. For a colormap that is changed by a call to
XFreeColormap, the colormap member is setittone. The new member is set to indicate

whether the colormap for the specified window was changed or installed or uninstalled and can be
True or False. Ifitis True, the colormap was changed. If ithalse, the colormap was

installed or uninstalled. The state member is always set to indicate whether the colormap is
installed or uninstalled and can @elormaplinstalled or ColormapUninstalled.

10.13. Client Communication Events
This section discusses:

. ClientMessageevents
. PropertyNotify events
. SelectionClearevents
. SelectionNotify events
. SelectionRequesevents

10.13.1. ClientMessage Events

The X server generat&dientMessageevents only when a client calls the function
XSendEvent

The structure for this event type contains:
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typedef struct {
int type; /* ClientMessage */
unsigned long serial; * # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */

Window window;
Atom message_type;
int format;
union {
char b[20];
short s[10];
long I[5];
} data;
} XClientMessageEvent;

The message_type member is set to an atom that indicates how the data should be interpreted by
the receiving client. The format member is set to 8, 16, or 32 and specifies whether the data
should be viewed as a list of bytes, shorts, or longs. The data member is a union that contains the
members b, s, and I. The b, s, and | members represent data of 20 8-bit values, 10 16-bit values,
and 5 32-bit values. Particular message types might not make use of all these values. The X
server places no interpretation on the values in the window, message_type, or data members.

10.13.2. PropertyNotify Events

The X server can repoRropertyNotify events to clients wanting information about property
changes for a specified window.

To receivePropertyNotify events, set thBropertyChangeMask bit in the event-mask attribute
of the window.

The structure for this event type contains:

typedef struct {
int type; /* PropertyNotify */
unsigned long serial; [* # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */
Window window;
Atom atom;
Time time;
int state; /* PropertyNewValue or PropertyDelete */
} XPropertyEvent;

The window member is set to the window whose associated property was changed. The atom
member is set to the property’s atom and indicates which property was changed or desired. The
time member is set to the server time when the property was changed. The state member is set to
indicate whether the property was changed to a new value or deleted andrrapdatyNew-

Value or PropertyDelete. The state member is setRoopertyNewValue when a property of

the window is changed usingChangeProperty or XRotateWindowProperties (even when

adding zero-length data usigChangeProperty) and when replacing all or part of a property
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with identical data usingChangeProperty or XRotateWindowProperties. The state member
is set toPropertyDelete when a property of the window is deleted usiigeleteProperty or, if
the delete argument Bue, XGetWindowProperty .

10.13.3. SelectionClear Events

The X server reportSelectionClearevents to the client losing ownership of a selection. The X
server generates this event type when another client asserts ownership of the selection by calling
XSetSelectionOwner

The structure for this event type contains:

typedef struct {
int type; [* SelectionClear */
unsigned long serial; I* # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */

Window window;
Atom selection;
Time time;

} XSelectionClearEvent;

The selection member is set to the selection atom. The time member is set to the last change time
recorded for the selection. The window member is the window that was specified by the current
owner (the owner losing the selection) inXSetSelectionOwnercall.

10.13.4. SelectionRequest Events

The X server reportSelectionRequesevents to the owner of a selection. The X server gener-
ates this event whenever a client requests a selection conversion by X@ltingertSelection
for the owned selection.

The structure for this event type contains:

typedef struct {
int type; [* SelectionRequest */
unsigned long serial; * # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */

Window owner;
Window requestor;
Atom selection;
Atom target;
Atom property;
Time time;

} XSelectionRequestEvent;

The owner member is set to the window that was specified by the current ownetSet8elec-
tionOwner call. The requestor member is set to the window requesting the selection. The selec-
tion member is set to the atom that names the selection. For example, PRIMARY is used to
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indicate the primary selection. The target member is set to the atom that indicates the type the
selection is desired in. The property member can be a property navemar The time member
is set to the timestamp @urrentTime value from theConvertSelectionrequest.

The owner should convert the selection based on the specified target type anSslkectian-
Notify event back to the requestor. A complete specification for using selections is given in the X
Consortium standarihter-Client Communication Conventions Manual

10.13.5. SelectionNotify Events

This event is generated by the X server in responsé€tmaertSelectionprotocol request when

there is no owner for the selection. When there is an owner, it should be generated by the owner
of the selection by usingSendEvent The owner of a selection should send this event to a
requestor when a selection has been converted and stored as a property or when a selection con-
version could not be performed (which is indicated by setting the property menitbemen

If Noneis specified as the property in tG®nvertSelectionprotocol request, the owner should
choose a property name, store the result as that property on the requestor window, and then send a
SelectionNotify giving that actual property name.

The structure for this event type contains:

typedef struct {
int type; [* SelectionNotify */
unsigned long serial; [* # of last request processed by server */
Bool send_event; [* true if this came from a SendEvent request */
Display *display; /* Display the event was read from */

Window requestor;
Atom selection;
Atom target;
Atom property; /* atom or None */
Time time;
} XSelectionEvent;

The requestor member is set to the window associated with the requestor of the selection. The
selection member is set to the atom that indicates the selection. For example, PRIMARY is used
for the primary selection. The target member is set to the atom that indicates the converted type.
For example, PIXMAP is used for a pixmap. The property member is set to the atom that indi-
cates which property the result was stored on. If the conversion failed, the property member is set
to None. The time member is set to the time the conversion took place and can be a timestamp or
CurrentTime .
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Chapter 11

Event Handling Functions

This chapter discusses the Xlib functions you can use to:
. Select events

. Handle the output buffer and the event queue

. Select events from the event queue

. Send and get events

. Handle protocol errors

Note

Some toolkits use their own event-handling functions and do not allow you to
interchange these event-handling functions with those in Xlib. For further
information, see the documentation supplied with the toolkit.

Most applications simply are event loops: they wait for an event, decide what to do with it,
execute some amount of code that results in changes to the display, and then wait for the next
event.

11.1. Selecting Events

There are two ways to select the events you want reported to your client application. One way is
to set the event_mask member of ¥X@etWindowAttributes structure when you caXCre-
ateWindow and XChangeWindowAttributes. Another way is to usXSelectinput.

XSelectinputflisplay, w, event_mask
Display *display,
Window w;
long event_mask

display Specifies the connection to the X server.

w Specifies the window whose events you are interested in.
event_mask Specifies the event mask.

The XSelectlnput function requests that the X server report the events associated with the speci-
fied event mask. Initially, X will not report any of these events. Events are reported relative to a
window. If a window is not interested in a device event, it usually propagates to the closest ances-
tor that is interested, unless the do_not_propagate mask prohibits it.

Setting the event-mask attribute of a window overrides any previous call for the same window but
not for other clients. Multiple clients can select for the same events on the same window with the
following restrictions:

. Multiple clients can select events on the same window because their event masks are dis-
joint. When the X server generates an event, it reports it to all interested clients.

231



Xlib — C Library X11, Release 6

. Only one client at a time can sel&girculateRequest, ConfigureRequest or MapRe-
quest events, which are associated with the event nsadistructureRedirectMask.

. Only one client at a time can seledRasizeRequesevent, which is associated with the
event maskResizeRedirectMask

. Only one client at a time can seledBattonPressevent, which is associated with the
event maskButtonPressMask

The server reports the event to all interested clients.
XSelectinput can generate BadWindow error.

11.2. Handling the Output Buffer

The output buffer is an area used by Xlib to store requests. The functions described in this sec-
tion flush the output buffer if the function would block or not return an event. That is, all requests
residing in the output buffer that have not yet been sent are transmitted to the X server. These
functions differ in the additional tasks they might perform.

To flush the output buffer, uséFlush.

XFlush (display)
Display *display;,

display Specifies the connection to the X server.

The XFlush function flushes the output buffer. Most client applications need not use this func-
tion because the output buffer is automatically flushed as needed by eéfsriding,

XNextEvent, and XWindowEvent. Events generated by the server may be enqueued into the
library’s event queue.

To flush the output buffer and then wait until all requests have been process€8ynse

XSync (display, discard)
Display *display;
Bool discard;

display Specifies the connection to the X server.

discard Specifies a Boolean value that indicates wheX&ync discards all events on
the event queue.

The XSync function flushes the output buffer and then waits until all requests have been received
and processed by the X server. Any errors generated must be handled by the error handler. For
each protocol error received by XliKSync calls the client application’s error handling routine

(see section 11.8.2). Any events generated by the server are enqueued into the library’s event
queue.

Finally, if you passedralse, XSync does not discard the events in the queue. If you passed
True, XSync discards all events in the queue, including those events that were on the queue
before XSync was called. Client applications seldom need to X&ync.
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11.3. Event Queue Management
Xlib maintains an event queue. However, the operating system also may be buffering data in its
network connection that is not yet read into the event queue.

To check the number of events in the event queueXisentsQueued

int XEventsQueuedijsplay, modée

Display *display,
int mode
display Specifies the connection to the X server.
mode Specifies the mode. You can p&3seuedAlready, QueuedAfterFlush, or

QueuedAfterReading

If mode isQueuedAlready, XEventsQueuedreturns the number of events already in the event
gueue (and never performs a system call). If modgusuedAfterFlush, XEventsQueued

returns the number of events already in the queue if the number is nonzero. If there are no events
in the queueXEventsQueuedflushes the output buffer, attempts to read more events out of the
application’s connection, and returns the number read. If moQeésiedAfterReading,
XEventsQueuedreturns the number of events already in the queue if the number is nonzero. If
there are no events in the queX&ventsQueuedattempts to read more events out of the appli-
cation’s connection without flushing the output buffer and returns the number read.

XEventsQueuedalways returns immediately without I/O if there are events already in the queue.
XEventsQueuedwith modeQueuedAfterFlush is identical in behavior t&XPending.
XEventsQueuedwith modeQueuedAlready is identical to theXQLength function.

To return the number of events that are pendingXiFsnding.

int XPending ¢lisplay)
Display *display,

display Specifies the connection to the X server.

The XPending function returns the number of events that have been received from the X server
but have not been removed from the event que{Rending is identical toXEventsQueued
with the modeQueuedAfterFlush specified.

11.4. Manipulating the Event Queue

Xlib provides functions that let you manipulate the event queue. This section discusses how to:

. Obtain events, in order, and rewethem from the queue

. Peek at events in the queue without removing them

. Obtain events that match the event mask or the arbitrary predicate procedures that you pro-
vide

11.4.1. Returning the Next Event

To get the next event and rewe itfrom the queue, us¥NextEvent.
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XNextEvent display, event_returiy
Display *display;,
XEvent *event_return

display Specifies the connection to the X server.
event_return Returns the next event in the queue.

The XNextEvent function copies the first event from the event queue into the spexHeent
structure and then removes it from the queue. If the event queue is &iNpitEvent flushes
the output buffer and blocks until an event is received.

To peek at the event queue, igeeekEvent

XPeekEventdisplay, event_returi
Display *display,
XEvent *event_return

display Specifies the connection to the X server.
event_return Returns a copy of the matched event’s associated structure.

The XPeekEventfunction returns the first event from the event queue, but it does notedhe
event from the queue. If the queue is empfyeekEventflushes the output buffer and blocks
until an event is received. It then copies the event into the client-supfitieent structure with-
out removing it from the event queue.

11.4.2. Selecting Events Using a Predicate Procedure

Each of the functions discussed in this section requires you to pass a predicate procedure that
determines if an event matches what you want. Your predicate procedure must decide if the event
is useful without calling any Xlib functions. If the predicate directly or indirectly causes the state

of the event queue to change, the result is not defined. If Xlib has been initialized for threads, the
predicate is called with the display locked and the result of a call by the predicate to any Xlib
function that locks the display is not defined unless the caller has first Xalbe#Display .

The predicate procedure and its associated arguments are:

Bool (*predicatd (display, eventarg)
Display *display,
XEvent *event
XPointerarg;

display Specifies the connection to the X server.

event Specifies thexEvent structure.

arg Specifies the argument passed in fromXhi&vent , XChecklIfEvent, or
XPeeklIfEvent function.

The predicate procedure is called once for each event in the queue until it finds a match. After
finding a match, the predicate procedure must reftug . If it did not find a match, it must
return False.
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To check the event queue for a matching event and, if foundyeghe event from the queue,
useXIfEvent .

XIfEvent (display, event_returnpredicate arg)
Display *display,
XEvent *event_return
Bool (*predicate ();
XPointerarg;

display Specifies the connection to the X server.

event_return Returns the matched event's associated structure.

predicate Specifies the procedure that is to be called to determine if the next event in the
gueue matches what you want.

arg Specifies the user-supplied argument that will be passed to the predicate proce-
dure.

The XIfEvent function completes only when the specified predicate procedure rdtuengor

an event, which indicates an event in the queue matc¢kiésvent flushes the output buffer if it
blocks waiting for additional eventsXIfEvent removes the matching event from the queue and
copies the structure into the client-suppldvent structure.

To check the event queue for a matching event without blocking{@bkeckIfEvent.

Bool XChecklIfEventdisplay, event_returnpredicate arg)
Display *display,
XEvent *event_return
Bool (*predicate ();
XPointerarg;

display Specifies the connection to the X server.

event_return Returns a copy of the matched event's associated structure.

predicate Specifies the procedure that is to be called to determine if the next event in the
gueue matches what you want.

arg Specifies the user-supplied argument that will be passed to the predicate proce-
dure.

When the predicate procedure finds a max&hecklfEvent copies the matched event into the
client-suppliedXEvent structure and returnkrue. (This event is removed from the queue.) If
the predicate procedure finds no mad@heckIfEvent returnsFalse, and the output buffer will
have been flushed. All earlier events stored in the queue are not discarded.

To check the event queue for a matching event without removing the event from the queue, use
XPeeklIfEvent.
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XPeeklIfEvent(isplay, event_returnpredicate arg)
Display *display;,
XEvent *event_return
Bool (*predicatg();
XPointerarg;

display Specifies the connection to the X server.

event_return Returns a copy of the matched event’s associated structure.

predicate Specifies the procedure that is to be called to determine if the next event in the
gueue matches what you want.

arg Specifies the user-supplied argument that will be passed to the predicate proce-
dure.

The XPeeklfEvent function returns only when the specified predicate procedure réfuras
for an event. After the predicate procedure finds a mateeekIfEvent copies the matched
event into the client-suppliedEvent structure without removing the event from the queue.
XPeekIfEvent flushes the output buffer if it blocks waiting for additional events.

11.4.3. Selecting Events Using a Window or Event Mask

The functions discussed in this section let you select events by window or event types, allowing
you to process events out of order.

To removethe next event that matches both a window and an event mask\WisdowEvent.

XWindowEvent isplay, w, event_maskevent_returi
Display *display;
Window w;
long event_mask
XEvent *event_return

display Specifies the connection to the X server.
w Specifies the window whose events you are interested in.

event_mask Specifies the event mask.
event_return Returns the matched event's associated structure.

The XWindowEvent function searches the event queue for an event that matches both the speci-
fied window and event mask. When it finds a maXWindowEvent removes that event from

the queue and copies it into the specifidtizent structure. The other events stored in the queue
are not discarded. If a matching event is not in the gu€ugndowEvent flushes the output

buffer and blocks until one is received.

To removethe next event that matches both a window and an event mask (if any), use
XCheckWindowEvent. This function is similar to{WindowEvent except that it never blocks
and it returns 8ool indicating if the event was returned.
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Bool XCheckWindowEventisplay, w, event_maskevent_returi
Display *display;,
Window w;
longevent_mask
XEvent *event_return

display Specifies the connection to the X server.

w Specifies the window whose events you are interested in.
event_mask Specifies the event mask.

event_return Returns the matched event's associated structure.

The XCheckWindowEvent function searches the event queue and then the events available on
the server connection for the first event that matches the specified window and event mask. If it
finds a matchXCheckWindowEvent removes that event, copies it into the specik&ent
structure, and returnBrue. The other events stored in the queue are not discarded. If the event
you requested is not availabCheckWindowEvent returnsFalse, and the output buffer will

have been flushed.

To removethe next event that matches an event maskXiaskEvent.

XMaskEvent flisplay, event_maskevent_returi
Display *display;,
longevent_mask
XEvent *event_return

display Specifies the connection to the X server.

event_mask Specifies the event mask.
event_return Returns the matched event's associated structure.

The XMaskEvent function searches the event queue for the events associated with the specified
mask. When it finds a matcKMaskEvent removes that event and copies it into the specified
XEvent structure. The other events stored in the queue are not discarded. If the event you
requested is not in the quedéyaskEvent flushes the output buffer and blocks until one is
received.

To return and reovethe next event that matches an event mask (if any), use
XCheckMaskEvent. This function is similar tc{MaskEvent except that it never blocks and it
returns aBool indicating if the event was returned.

237



Xlib — C Library X11, Release 6

Bool XCheckMaskEventisplay, event_maskevent_returi
Display *display;,
long event_mask
XEvent *event_return

display Specifies the connection to the X server.
event_mask Specifies the event mask.
event_return Returns the matched event's associated structure.

The XCheckMaskEvent function searches the event queue and then any events available on the
server connection for the first event that matches the specified mask. If it finds aX@itebk-
MaskEvent removes that event, copies it into the speci&d/ent structure, and returniue.

The other events stored in the queue are not discarded. If the event you requested is not available,
XCheckMaskEvent returnsFalse, and the output buffer will have been flushed.

To return and reovethe next event in the queue that matches an event type, use
XCheckTypedEvent.

Bool XCheckTypedEventlisplay, event_typeevent_returi
Display *display,
int event_type
XEvent *event_return

display Specifies the connection to the X server.
event_type  Specifies the event type to be compared.

event_return Returns the matched event's associated structure.

The XCheckTypedEvent function searches the event queue and then any events available on the
server connection for the first event that matches the specified type. If it finds a X@Gtelck-
TypedEvent removes that event, copies it into the specik&vent structure, and returrifrue .

The other events in the queue are not discarded. If the event is not avXi@hézk TypedE-

vent returnsFalse, and the output buffer will have been flushed.

To return and repvethe next event in the queue that matches an event type and a window, use
XCheckTypedWindowEvent.
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Bool XCheckTypedWindowEventl{splay, w, event_typeevent_returi
Display *display;,
Window w;
int event_type
XEvent *event_return

display Specifies the connection to the X server.

w Specifies the window.
event_type  Specifies the event type to be compared.

event_return Returns the matched event's associated structure.

The XCheckTypedWindowEvent function searches the event queue and then any events avalil-
able on the server connection for the first event that matches the specified type and window. If it
finds a matchXCheckTypedWindowEvent removes the event from the queue, copies it into the
specifiedXEvent structure, and returnBue. The other events in the queue are not discarded.

If the event is not availabl&XCheckTypedWindowEvent returnsFalse, and the output buffer

will have been flushed.

11.5. Putting an Event Back into the Queue
To push an event back into the event queue XilsgBackEvent.

XPutBackEventdisplay, even)
Display *display,
XEvent *event

display Specifies the connection to the X server.
event Specifies the event.

The XPutBackEvent function pushes an event back onto the head of the display’s event queue

by copying the event into the queue. This can be useful if you read an event and then decide that
you would rather deal with it later. There is no limit to the number of times in succession that

you can callXPutBackEvent.

11.6. Sending Events to Other Applications

To send an event to a specified window, ¥SendEvent This function is often used in selec-
tion processing. For example, the owner of a selection should$sedEventto send &Selec-
tionNotify event to a requestor when a selection has been converted and stored as a property.
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Status XSendEvend{splay, w, propagate event_maskevent_seny
Display *display;,
Window w;
Bool propagate
long event_mask
XEvent *event_send

display Specifies the connection to the X server.
w Specifies the window the event is to be sent t&;@nterWindow, or
InputFocus.

propagate Specifies a Boolean value.
event_mask Specifies the event mask.
event_send Specifies the event that is to be sent.

The XSendEventfunction identifies the destination window, determines which clients should
receive the specified events, and ignores any active grabs. This function requires you to pass an
event mask. For a discussion of the valid event mask names, see section 10.3. This function uses
the w argument to identify the destination window as follows:

. If wis Pointerwindow, the destination window is the window that contains the pointer.

. If wis InputFocus and if the focus window contains the pointer, the destination window is
the window that contains the pointer; otherwise, the destination window is the focus win-
dow.

To determine which clients should receive the specified evéBendEventuses the propagate
argument as follows:

. If event_mask is the empty set, the event is sent to the client that created the destination
window. If that client no longer exists, no event is sent.

. If propagate ig-alse, the event is sent to every client selecting on destination any of the
event types in the event_mask argument.

. If propagate isTrue and no clients have selected on destination any of the event types in

event-mask, the destination is replaced with the closest ancestor of destination for which
some client has selected a type in event-mask and for which no intervening window has
that type in its do-not-propagate-mask. If no such window exists or if the window is an
ancestor of the focus window aihtbutFocus was originally specified as the destination,

the event is not sent to any clients. Otherwise, the event is reported to every client selecting
on the final destination any of the types specified in event_mask.

The event in theXEvent structure must be one of the core events or one of the events defined by
an extension (or BadValue error results) so that the X server can correctly byte-swap the con-
tents as necessary. The contents of the event are otherwise unaltered and unchecked by the X
server except to force send_eventtae in the forwarded event and to set the serial number in
the event correctly; therefore these fields and the display field are ignoksebyEvent

XSendEventreturns zero if the conversion to wire protocol format failed and returns nonzero
otherwise.

XSendEventcan generat8adValue and BadWindow errors.
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11.7. Getting Pointer Motion History

Some X server implementations will maintain a more complete history of pointer motion than is
reported by event notification. The pointer position at each pointer hardware interrupt may be
stored in a buffer for later retrieval. This buffer is called the motion history buffer. For example,
a few applications, such as paint programs, want to have a precise history of where the pointer
traveled. However, this historical information is highly excessive for most applications.

To determine the approximate maximum number of elements in the motion buffer, use
XDisplayMotionBufferSize.

unsigned long XDisplayMotionBufferSizdisplay)
Display *display;

display Specifies the connection to the X server.

The server may retain the recent history of the pointer motion and do so to a finer granularity than
is reported byMotionNotify events. TheXGetMotionEvents function makes this history avail-
able.

To get the motion history for a specified window and time XGSetMotionEvents.

XTimeCoord *XGetMotionEventglisplay, w, start, stop, nevents_returh
Display *display;
Window w;
Time start, stop;
int *nevents_return

display Specifies the connection to the X server.

w Specifies the window.

start

stop Specify the time interval in which the events are returned from the motion history

buffer. You can pass a timestampQurrentTime .
nevents_returnReturns the number of events from the motion history buffer.

The XGetMotionEvents function returns all events in the motion history buffer that fall between
the specified start and stop times, inclusive, and that have coordinates that lie within the specified
window (including its borders) at its present placement. If the server does not support motion his-
tory, if the start time is later than the stop time, or if the start time is in the future, no events are
returned;XGetMotionEvents returns NULL. If the stop time is in the future, it is equivalent to
specifyingCurrentTime . The return type for this function is a structure defined as follows:
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typedef struct {
Time time;
short x, y;
} XTimeCoord;

The time member is set to the time, in milliseconds. The x and y members are set to the coordi-
nates of the pointer and are reported relative to the origin of the specified window. To free the
data returned from this call, udd-ree.

XGetMotionEvents can generate BadWindow error.

11.8. Handling Protocol Errors

Xlib provides functions that you can use to enable or disable synchronization and to use the
default error handlers.

11.8.1. Enabling or Disabling Synchronization

When debugging X applications, it often is very convenient to require Xlib to behave syn-
chronously so that errors are reported as they occur. The following function lets you disable or
enable synchronous behavior. Note that graphics may occur 30 or more times more slowly when
synchronization is enabled. On POSIX-conformant systems, there is also a global vatidle

bug that, if set to nonzero before starting a program under a debugger, will force synchronous
library behavior.

After completing their work, all Xlib functions that generate protocol requests call what is known
as an after functionXSetAfterFunction sets which function is to be called.

int (*XSetAfterFunctionflisplay, procedurg)()

Display *display;

int (* procedurg ();
display Specifies the connection to the X server.
procedure Specifies the procedure to be called.

The specified procedure is called with only a display poilt&etAfterFunction returns the
previous after function.

To enable or disable synchronization, X&ynchronize.

int (*XSynchronize @isplay, onoff))()
Display *display,
Bool onoff;
display Specifies the connection to the X server.

onoff Specifies a Boolean value that indicates whether to enable or disable synchro-
nization.

The XSynchronize function returns the previous after function. If onofflizie, XSynchronize
turns on synchronous behavior. If onoffRalse, XSynchronize turns off synchronous behavior.
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11.8.2. Using the Default Error Handlers

There are two default error handlers in Xlib: one to handle typically fatal conditions (for example,
the connection to a display server dying because a machine crashed) and one to handle protocol
errors from the X server. These error handlers can be changed to user-supplied routines if you
prefer your own error handling and can be changed as often as you like. If either function is
passed a NULL pointer, it will reinvoke the default handler. The action of the default handlers is
to print an explanatory message and exit.

To set the error handler, u¥&etErrorHandler .

int (*XSetErrorHandlerfandlen))()
int (* handler) (Display *, XErrorEvent *)

handler Specifies the program’s supplied error handler.

Xlib generally calls the program’s supplied error handler whenever an error is received. Itis not
called onBadName errors fromOpenFont, LookupColor, or AllocNamedColor protocol

requests or oBadFont errors from aQueryFont protocol request. These errors generally are
reflected back to the program through the procedural interface. Because this condition is not
assumed to be fatal, it is acceptable for your error handler to return; the returned value is ignored.
However, the error handler should not call any functions (directly or indirectly) on the display that
will generate protocol requests or that will look for input events. The previous error handler is
returned.

The XErrorEvent structure contains:

typedef struct {
int type;
Display *display; /* Display the event was read from */
unsigned long serial; * serial number of failed request */
unsigned char error_code; * error code of failed request */
unsigned char request_code;  /* Major op-code of failed request */
unsigned char minor_code; /* Minor op-code of failed request */
XID resourceid,; * resource id */

} XErrorEvent;

The serial member is the number of requests, starting from one, sent over the network connection
since it was opened. It is the number that was the valtdextRequestimmediately before the

failing call was made. The request_code member is a protocol request of the procedure that
failed, as defined inXl1/Xproto.h>. The following error codes can be returned by the func-

tions described in this chapter:

Error Code Description
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Error Code

Description

BadAccess

BadAlloc

BadAtom
BadColor

BadCursor
BadDrawable

BadFont
BadGC

BadIDChoice

Badimplementation

BadLength

A client attempts to grab a key/button combination already
grabbed by another client.

A client attempts to free a colormap entry that it had not already
allocated or to free an entry in a colormap that was created with
all entries writable.

A client attempts to store into a read-only or unallocated col-
ormap entry.

A client attempts to modify the access control list from other
than the local (or otherwise authorized) host.

A client attempts to select an event type that another client has
already selected.

The server fails to allocate the requested resource. Note that the
explicit listing of BadAlloc errors in requests only covers alloca-
tion errors at a very coarse level and is not intended to (nor can it
in practice hope to) cover all cases of a server running out of
allocation space in the middle of service. The semantics when a
server runs out of allocation space are left unspecified, but a
server may generateBadAlloc error on any request for this
reason, and clients should be prepared to receive such errors and
handle or discard them.

A value for an atom argument does not name a defined atom.

A value for a colormap argument does not name a defined col-
ormap.

A value for a cursor argument does not name a defined cursor.

A value for a drawable argument does not hame a defined win-
dow or pixmap.

A value for a font argument does not name a defined font (or, in
some case$;Context).

A value for aGContext argument does not name a defined
GContext.

The value chosen for a resource identifier either is not included
in the range assigned to the client or is already in use. Under
normal circumstances, this cannot occur and should be consid-
ered a server or Xlib error.

The server does not implement some aspect of the request. A
server that generates this error for a core request is deficient. As
such, this error is not listed for any of the requests, but clients
should be prepared to receive such errors and handle or discard
them.

The length of a request is shorter or longer than that required to
contain the arguments. This is an internal Xlib or server error.

The length of a request exceeds the maximum length accepted by
the server.
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Error Code Description

BadMatch In a graphics request, the root and depth of the graphics context
does not match that of the drawable.

An InputOnly window is used as a drawable.

Some argument or pair of arguments has the correct type and
range, but it fails to match in some other way required by the

request.
An InputOnly window lacks this attribute.
BadName A font or color of the specified name does not exist.
BadPixmap A value for a pixmap argument does not name a defined pixmap.
BadRequest The major or minor opcode does not specify a valid request.
This usually is an Xlib or server error.
BadValue Some numeric value falls outside of the range of values accepted

by the request. Unless a specific range is specified for an argu-
ment, the full range defined by the argument’s type is accepted.
Any argument defined as a set of alternatives typically can gener-
ate this error (due to the encoding).

BadWindow A value for a window argument does not name a defined win-
dow.

Note

The BadAtom, BadColor, BadCursor, BadDrawable, BadFont, BadGC,
BadPixmap, andBadWindow errors are also used when the argument type is
extended by a set of fixed alternatives.

To obtain textual descriptions of the specified error codeX@stErrorText .

XGetErrorText@isplay, code buffer_return length)
Display *display,
int code
char *buffer_return
int length;

display Specifies the connection to the X server.

code Specifies the error code for which you want to obtain a description.
buffer_return Returns the error description.

length Specifies the size of the buffer.

The XGetErrorText function copies a null-terminated string describing the specified error code
into the specified buffer. The returned text is in the encoding of the current locale. It is recom-
mended that you use this function to obtain an error description because extensions to Xlib may
define their own error codes and error strings.
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To obtain error messages from the error databases@séErrorDatabaseText.

XGetErrorDatabaseTexd{splay, name messagedefault_string buffer_return length)
Display *display;,
char ‘name *message
char *default_string
char *buffer_return

int length;
display Specifies the connection to the X server.
name Specifies the name of the application.
message Specifies the type of the error message.

default_string Specifies the default error message if none is found in the database.
buffer_return Returns the error description.
length Specifies the size of the buffer.

The XGetErrorDatabaseText function returns a null-terminated message (or the default mes-
sage) from the error message database. Xlib uses this function internally to look up its error mes-
sages. The text in the default_string argument is assumed to be in the encoding of the current
locale, and the text stored in the buffer_return argument is in the encoding of the current locale.

The name argument should generally be the name of your application. The message argument
should indicate which type of error message you want. If the name and message are not in the
Host Portable Character Encoding, the result is implementation dependent. Xlib uses three prede-
fined “application names” to report errors. In these names, uppercase and lowercase matter.

XProtoError  The protocol error number is used as a string for the message argument.
XlibMessage These are the message strings that are used internally by the library.

XRequest For a core protocol request, the major request protocol number is used for the
message argument. For an extension request, the extension name (as given by
InitExtension) followed by a period (.) and the minor request protocol number is
used for the message argument. If no string is found in the error database, the
default_string is returned to the buffer argument.

To report an error to the user when the requested display does not exxdisisiayName.

char *XDisplayNamegtring)
char *string;

string Specifies the character string.

The XDisplayName function returns the name of the display tk@penDisplay would attempt
to use. If a NULL string is specifiekDisplayName looks in the environment for the display
and returns the display name tix@penDisplay would attempt to use. This makes it easier to

report to the user precisely which display the program attempted to open when the initial connec-
tion attempt failed.

To handle fatal I1/0 errors, us€SetlOErrorHandler .
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int (*XSetlOErrorHandlerfiandler))()
int (* handlen(Display *);

handler Specifies the program’s supplied error handler.

The XSetlOErrorHandler sets the fatal I/O error handler. Xlib calls the program’s supplied

error handler if any sort of system call error occurs (for example, the connection to the server was
lost). Thisis assumed to be a fatal condition, and the called routine should not return. If the I/O
error handler does return, the client process exits.

Note that the previous error handler is returned.
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Chapter 12

Input Device Functions

You can use the Xlib input device functions to:

. Grab the pointer and individual buttons on the pointer

. Grab the keyboard and individual keys on the keyboard
. Movethe pointer

. Set the input focus

. Manipulate the keyboard and pointer settings

. Manipulate the keyboard encoding

12.1. Pointer Grabbing

Xlib provides functions that you can use to control input from the pointer, which usually is a
mouse. Usually, as soon as keyboard and mouse events occur, the X server delivers them to the
appropriate client, which is determined by the window and input focus. The X server provides
sufficient control over event delivery to allow window managers to support mouse ahead and vari-
ous other styles of user interface. Many of these user interfaces depend upon synchronous deliv-
ery of events. The delivery of pointer and keyboard events can be controlled independently.

When mouse buttons or keyboard keys are grabbed, events will be sent to the grabbing client
rather than the normal client who would have received the event. If the keyboard or pointer is in
asynchronous mode, further mouse and keyboard events will continue to be processed. If the
keyboard or pointer is in synchronous mode, no further events are processed until the grabbing
client allows them (se¥AllowEvents). The keyboard or pointer is considered frozen during

this interval. The event that triggered the grab can also be replayed.

Note that the logical state of a device (as seen by client applications) may lag the physical state if
device event processing is frozen.

There are two kinds of grabs: active and passive. An active grab occurs when a single client
grabs the keyboard and/or pointer explicitly (¥&&rabPointer and XGrabKeyboard). A pas-

sive grab occurs when clients grab a particular keyboard key or pointer button in a window, and
the grab will activate when the key or button is actually pressed. Passive grabs are convenient for
implementing reliable pop-up menus. For example, you can guarantee that the pop-up is mapped
before the up pointer button event occurs by grabbing a button requesting synchronous behavior.
The down event will trigger the grab and freeze further processing of pointer events until you

have the chance to map the pop-up window. You can then allow further event processing. The up
event will then be correctly processed relative to the pop-up window.

For many operations, there are functions that take a time argument. The X server includes a
timestamp in various events. One special time, cdlledentTime , represents the current

server time. The X server maintains the time when the input focus was last changed, when the
keyboard was last grabbed, when the pointer was last grabbed, or when a selection was last
changed. Your application may be slow reacting to an event. You often need some way to spec-
ify that your request should not occur if another application has in the meanwhile taken control of
the keyboard, pointer, or selection. By providing the timestamp from the event in the request, you
can arrange that the operation not take effect if someone else has performed an operation in the
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meanwhile.

A timestamp is a time value, expressed in milliseconds. It typically is the time since the last
server reset. Timestamp values wrap around (after about 49.7 days). The server, given its current
time is represented by timestamp T, always interprets timestamps from clients by treating half of
the timestamp space as being later in time than T. One timestamp value,QameedTime , is

never generated by the server. This value is reserved for use in requests to represent the current
server time.

For many functions in this section, you pass pointer event mask bits. The valid pointer event
mask bits areButtonPressMask, ButtonReleaseMask EnterWindowMask ,
LeaveWindowMask, PointerMotionMask , PointerMotionHintMask , Button1MotionMask ,
Button2MotionMask , Button3MotionMask , Button4MotionMask , Button5MotionMask ,
ButtonMotionMask , and KeyMapStateMask. For other functions in this section, you pass
keymask bits. The valid keymask bits aghiftMask, LockMask, ControlMask , Mod1Mask,
Mod2Mask, Mod3Mask, Mod4Mask, andMod5Mask.

To grab the pointer, uséGrabPointer .

int XGrabPointerdisplay, grab_window owner_eventsevent_maskpointer_mode
keyboard_modeconfine_tg cursor, time)
Display *display,
Window grab_window
Bool owner_events
unsigned inevent_mask
int pointer_modekeyboard_mode
Window confine_to
Cursorcursor,
Timetime;

display Specifies the connection to the X server.

grab_window Specifies the grab window.

owner_events Specifies a Boolean value that indicates whether the pointer events are to be
reported as usual or reported with respect to the grab window if selected by the
event mask.

event_mask Specifies which pointer events are reported to the client. The mask is the bitwise
inclusive OR of the valid pointer event mask bits.

pointer_mode Specifies further processing of pointer events. You can@edsModeSync or
GrabModeAsync.

keyboard_mode
Specifies further processing of keyboard events. You canGragdvodeSync
or GrabModeAsync.

confine_to Specifies the window to confine the pointer inName.
cursor Specifies the cursor that is to be displayed during the grilome.
time Specifies the time. You can pass either a timestanguaentTime .

The XGrabPointer function actively grabs control of the pointer and retusnabSuccessf the
grab was successful. Further pointer events are reported only to the grabbingcBeaib-
Pointer overrides any active pointer grab by this client. If owner_everfalise, all generated
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pointer events are reported with respect to grab_window and are reported only if selected by
event_mask. If owner_eventsTsue and if a generated pointer event would normally be

reported to this client, it is reported as usual. Otherwise, the event is reported with respect to the
grab_window and is reported only if selected by event_mask. For either value of owner_events,
unreported events are discarded.

If the pointer_mode isSrabModeAsync, pointer event processing continues as usual. If the
pointer is currently frozen by this client, the processing of events for the pointer is resumed. If
the pointer_mode iSrabModeSync, the state of the pointer, as seen by client applications,
appears to freeze, and the X server generates no further pointer events until the grabbing client
calls XAllowEvents or until the pointer grab is released. Actual pointer changes are not lost
while the pointer is frozen; they are simply queued in the server for later processing.

If the keyboard_mode i6rabModeAsync, keyboard event processing is unaffected by acti-

vation of the grab. If the keyboard_modedsabModeSync, the state of the keyboard, as seen

by client applications, appears to freeze, and the X server generates no further keyboard events
until the grabbing client callXAllowEvents or until the pointer grab is released. Actual

keyboard changes are not lost while the pointer is frozen; they are simply queued in the server for
later processing.

If a cursor is specified, it is displayed regardless of what window the pointer isNionéfis
specified, the normal cursor for that window is displayed when the pointer is in grab_window or
one of its subwindows; otherwise, the cursor for grab_window is displayed.

If a confine_to window is specified, the pointer is restricted to stay contained in that window. The
confine_to window need have no relationship to the grab_window. If the pointer is not initially in
the confine_to window, it is warped automatically to the closest edge just before the grab activates
and enter/leave events are generated as usual. If the confine_to window is subsequently reconfig-
ured, the pointer is warped automatically, as necessary, to keep it contained in the window.

The time argument allows you to avoid certain circumstances that come up if applications take a
long time to respond or if there are long network delays. Consider a situation where you have

two applications, both of which normally grab the pointer when clicked on. If both applications
specify the timestamp from the event, the second application may wake up faster and successfully
grab the pointer before the first application. The first application then will get an indication that
the other application grabbed the pointer before its request was processed.

XGrabPointer generateg€nterNotify andLeaveNotify events.

Either if grab_window or confine_to window is not viewable or if the confine_to window lies
completely outside the boundaries of the root wind¢@rabPointer fails and returns
GrabNotViewable. If the pointer is actively grabbed by some other client, it fails and returns
AlreadyGrabbed. If the pointer is frozen by an active grab of another client, it fails and returns
GrabFrozen. If the specified time is earlier than the last-pointer-grab time or later than the cur-
rent X server time, it fails and retur@rablnvalidTime . Otherwise, the last-pointer-grab time

is set to the specified tim€qrrentTime is replaced by the current X server time).

XGrabPointer can generatBadCursor, BadValue, andBadWindow errors.

To ungrab the pointer, us@UngrabPointer .
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XUngrabPointerdisplay, time)
Display *display;
Timetime;

display Specifies the connection to the X server.
time Specifies the time. You can pass either a timestanGuaentTime .

The XUngrabPointer function releases the pointer and any queued events if this client has
actively grabbed the pointer froGrabPointer , XGrabButton , or from a normal button press.
XUngrabPointer does not release the pointer if the specified time is earlier than the last-pointer-
grab time or is later than the current X server time. It also gendtatesNotify andLeaveNo-

tify events. The X server performs BimgrabPointer request automatically if the event window

or confine_to window for an active pointer grab becomes not viewable or if window reconfigura-
tion causes the confine_to window to lie completely outside the boundaries of the root window.

To change an active pointer grab, & hangeActivePointerGrab.

XChangeActivePointerGrald{splay, event_maskcursor, time)
Display *display;
unsigned inevent_mask
Cursorcursor,
Timetime;

display Specifies the connection to the X server.

event_mask Specifies which pointer events are reported to the client. The mask is the bitwise
inclusive OR of the valid pointer event mask bits.

cursor Specifies the cursor that is to be displayedione.
time Specifies the time. You can pass either a timestanguaentTime .

The XChangeActivePointerGrab function changes the specified dynamic parameters if the
pointer is actively grabbed by the client and if the specified time is no earlier than the last-pointer-
grab time and no later than the current X server time. This function has no effect on the passive
parameters of XGrabButton . The interpretation of event_mask and cursor is the same as
described inXGrabPointer .

XChangeActivePointerGrab can generat®adCursor and BadValue errors.

To grab a pointer button, ud&rabButton .
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XGrabButton @lisplay, button, modifiers grab_window owner_eventsevent_mask
pointer_modekeyboard_modeconfine_tg cursor)
Display *display;
unsigned inbutton;
unsigned intmodifiers
Window grab_window
Bool owner_events
unsigned inevent_mask
int pointer_modekeyboard _mode
Window confine_to

Cursorcursor,
display Specifies the connection to the X server.
button Specifies the pointer button that is to be grabbetingButton .
modifiers Specifies the set of keymasksAmyModifier . The mask is the bitwise inclusive

OR of the valid keymask bits.
grab_window Specifies the grab window.

owner_events Specifies a Boolean value that indicates whether the pointer events are to be
reported as usual or reported with respect to the grab window if selected by the
event mask.

event_mask Specifies which pointer events are reported to the client. The mask is the bitwise
inclusive OR of the valid pointer event mask bits.

pointer_mode Specifies further processing of pointer events. You can@edsViodeSync or
GrabModeAsync.

keyboard_mode
Specifies further processing of keyboard events. You canGratdvlodeSync
or GrabModeAsync.

confine_to Specifies the window to confine the pointer inNmne.
cursor Specifies the cursor that is to be displayeione.

The XGrabButton function establishes a passive grab. In the future, the pointer is actively
grabbed (as foKGrabPointer), the last-pointer-grab time is set to the time at which the button
was pressed (as transmitted in BigtonPressevent), and th8uttonPressevent is reported if

all of the following conditions are true:

. The pointer is not grabbed, and the specified button is logically pressed when the specified
modifier keys are logically down, and no other buttons or modifier keys are logically down.

. The grab_window contains the pointer.
. The confine_to window (if any) is viewable.

. A passive grab on the same button/key combination does not exist on any ancestor of
grab_window.

The interpretation of the remaining arguments is aXt®rabPointer. The active grab is termi-
nated automatically when the logical state of the pointer has all buttons released (independent of
the state of the logical modifier keys).

Note that the logical state of a device (as seen by client applications) may lag the physical state if
device event processing is frozen.
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This request overrides all previous grabs by the same client on the same button/key combinations
on the same window. A modifiers &hyMaodifier is equivalent to issuing the grab request for

all possible modifier combinations (including the combination of no modifiers). It is not required
that all modifiers specified have currently assigned KeyCodes. A buttamy@utton is equiv-

alent to issuing the request for all possible buttons. Otherwise, it is not required that the specified
button currently be assigned to a physical button.

If some other client has already issuedi@rabButton with the same button/key combination on
the same window, BadAccesserror results. When usingnyModifier or AnyButton, the
request fails completely, andBadAccesserror results (no grabs are established) if there is a
conflicting grab for any combinationXGrabButton has no effect on an active grab.

XGrabButton can generat8adCursor, BadValue, andBadWindow errors.
To ungrab a pointer button, ux&JngrabButton .

XUngrabButton flisplay, button, modifiers grab_window
Display *display;
unsigned inbutton;
unsigned intmodifiers
Window grab_window

display Specifies the connection to the X server.
button Specifies the pointer button that is to be releasekhgButton .
modifiers Specifies the set of keymasksAmyModifier . The mask is the bitwise inclusive

OR of the valid keymask bits.
grab_window Specifies the grab window.

The XUngrabButton function releases the passive button/key combination on the specified win-
dow if it was grabbed by this client. A modifiers AhyModifier is equivalent to issuing the

ungrab request for all possible modifier combinations, including the combination of no modifiers.
A button of AnyButton is equivalent to issuing the request for all possible buttdténgrab-

Button has no effect on an active grab.

XUngrabButton can generat®adValue and BadWindow errors.

12.2. Keyboard Grabbing
Xlib provides functions that you can use to grab or ungrab the keyboard as well as allow events.

For many functions in this section, you pass keymask bits. The valid keymask bits are:
ShiftMask, LockMask, ControlMask , Mod1Mask, Mod2Mask, Mod3Mask, Mod4Mask,
and Mod5Mask.

To grab the keyboard, usésrabKeyboard .
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int XGrabKeyboarddisplay, grab_window owner_eventspointer_modekeyboard _modgime)
Display *display;,
Window grab_window
Bool owner_events
int pointer_modekeyboard_mode
Timetime;,

display Specifies the connection to the X server.
grab_window Specifies the grab window.

owner_events Specifies a Boolean value that indicates whether the keyboard events are to be
reported as usual.

pointer_mode Specifies further processing of pointer events. You can@essModeSync or
GrabModeAsync.

keyboard_mode
Specifies further processing of keyboard events. You canGragdvlodeSync
or GrabModeAsync.

time Specifies the time. You can pass either a timestanguaentTime .

The XGrabKeyboard function actively grabs control of the keyboard and genefaiessin
andFocusOut events. Further key events are reported only to the grabbing ck&rabKey-

board overrides any active keyboard grab by this client. If owner_eveRislé®, all generated

key events are reported with respect to grab_window. If owner_evemsasand if a generated

key event would normally be reported to this client, it is reported normally; otherwise, the event is
reported with respect to the grab_window. BK#yPressandKeyReleaseevents are always
reported, independent of any event selection made by the client.

If the keyboard_mode argument@abModeAsync, keyboard event processing continues as
usual. If the keyboard is currently frozen by this client, then processing of keyboard events is
resumed. If the keyboard_mode argumerGiabModeSync, the state of the keyboard (as seen

by client applications) appears to freeze, and the X server generates no further keyboard events
until the grabbing client issues a releask®jlowEvents call or until the keyboard grab is

released. Actual keyboard changes are not lost while the keyboard is frozen; they are simply
gueued in the server for later processing.

If pointer_mode isGrabModeAsync, pointer event processing is unaffected by activation of the
grab. If pointer_mode i§rabModeSync, the state of the pointer (as seen by client applications)
appears to freeze, and the X server generates no further pointer events until the grabbing client
issues a releasingAllowEvents call or until the keyboard grab is released. Actual pointer
changes are not lost while the pointer is frozen; they are simply queued in the server for later pro-
cessing.

If the keyboard is actively grabbed by some other cli¥@rabKeyboard fails and returns
AlreadyGrabbed. If grab_window is not viewable, it fails and retur@sabNotViewable. If

the keyboard is frozen by an active grab of another client, it fails and r&ueb&rozen. If the
specified time is earlier than the last-keyboard-grab time or later than the current X server time, it
fails and returngrablnvalidTime . Otherwise, the last-keyboard-grab time is set to the speci-

fied time CurrentTime is replaced by the current X server time).

XGrabKeyboard can generatBadValue and BadWindow errors.

To ungrab the keyboard, u¥g&JngrabKeyboard .
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XUngrabKeyboarddisplay, time)
Display *display;
Timetime;

display Specifies the connection to the X server.
time Specifies the time. You can pass either a timestanGuaentTime .

The XUngrabKeyboard function releases the keyboard and any queued events if this client has

it actively grabbed from eitheXGrabKeyboard or XGrabKey. XUngrabKeyboard does not

release the keyboard and any queued events if the specified time is earlier than the last-keyboard-
grab time or is later than the current X server time. It also gendtatesin and FocusOut

events. The X server automatically performdimgrabKeyboard request if the event window

for an active keyboard grab becomes not viewable.

To passively grab a single key of the keyboard,XGeabKey .

XGrabKey display, keycode modifiers grab_window owner_eventspointer_mode
keyboard_mode
Display *display;
int keycode
unsigned intmodifiers
Window grab_window
Bool owner_events
int pointer_modekeyboard _mode

display Specifies the connection to the X server.
keycode Specifies the KeyCode émyKey.
modifiers Specifies the set of keymasksAmyModifier . The mask is the bitwise inclusive

OR of the valid keymask bits.
grab_window Specifies the grab window.

owner_events Specifies a Boolean value that indicates whether the keyboard events are to be
reported as usual.

pointer_mode Specifies further processing of pointer events. You can@edsModeSync or
GrabModeAsync.

keyboard_mode
Specifies further processing of keyboard events. You canGrasdvlodeSync
or GrabModeAsync.

The XGrabKey function establishes a passive grab on the keyboard. In the future, the keyboard
is actively grabbed (as fotGrabKeyboard ), the last-keyboard-grab time is set to the time at
which the key was pressed (as transmitted irkiPressevent), and th&eyPressevent is

reported if all of the following conditions are true:

. The keyboard is not grabbed and the specified key (which can itself be a modifier key) is
logically pressed when the specified maodifier keys are logically down, and no other modi-
fier keys are logically down.

. Either the grab_window is an ancestor of (or is) the focus window, or the grab_window is a
descendant of the focus window and contains the pointer.
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. A passive grab on the same key combination does not exist on any ancestor of
grab_window.

The interpretation of the remaining arguments is aXfrabKeyboard . The active grab is ter-
minated automatically when the logical state of the keyboard has the specified key released (inde-
pendent of the logical state of the modifier keys).

Note that the logical state of a device (as seen by client applications) may lag the physical state if
device event processing is frozen.

A modifiers argument oAnyModifier is equivalent to issuing the request for all possible modi-
fier combinations (including the combination of no modifiers). It is not required that all modifiers
specified have currently assigned KeyCodes. A keycode argumAnyEEy is equivalent to

issuing the request for all possible KeyCodes. Otherwise, the specified keycode must be in the
range specified by min_keycode and max_keycode in the connection setidad/adue error
results.

If some other client has issueX&rabKey with the same key combination on the same win-
dow, aBadAccesserror results. When usingnyModifier or AnyKey, the request fails com-
pletely, and éBadAccesserror results (no grabs are established) if there is a conflicting grab for
any combination.

XGrabKey can generat®adAccess BadValue, andBadWindow errors.
To ungrab a key, us€UngrabKey.

XUngrabKey @isplay, keycode modifiers grab_window
Display *display;
int keycode
unsigned inmodifiers
Window grab_window

display Specifies the connection to the X server.
keycode Specifies the KeyCode émyKey.
modifiers Specifies the set of keymasksAmyModifier . The mask is the bitwise inclusive

OR of the valid keymask bits.
grab_window Specifies the grab window.

The XUngrabKey function releases the key combination on the specified window if it was
grabbed by this client. It has no effect on an active grab. A modifiekey¥lodifier is equiv-

alent to issuing the request for all possible modifier combinations (including the combination of
no madifiers). A keycode argument AhyKey is equivalent to issuing the request for all possi-
ble key codes.

XUngrabKey can generat®adValue and BadWindow errors.

12.3. Resuming Event Processing

The previous sections discussed grab mechanisms with which processing of events by the server
can be temporarily suspended. This section describes the mechanism for resuming event process-
ing.

To allow further events to be processed when the device has been froz€Allasdevents.
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XAllowEvents (display, event_maodgtime)

Display *display;
int event_modg

Timetime;

display Specifies the connection to the X server.

event_mode Specifies the event mode. You can pasgncPointer, SyncPointer,
AsyncKeyboard, SyncKeyboard, ReplayPointer, ReplayKeyboard,
AsyncBoth, or SyncBoth.

time Specifies the time. You can pass either a timestanguaentTime .

The XAllowEvents function releases some queued events if the client has caused a device to

freeze. It has no effect if the specified time is earlier than the last-grab time of the most recent
active grab for the client or if the specified time is later than the current X server time. Depending
on the event_mode argument, the following occurs:

AsyncPointer

SyncPointer

ReplayPointer

AsyncKeyboard

If the pointer is frozen by the client, pointer event processing continues
as usual. If the pointer is frozen twice by the client on behalf of two sep-
arate grabsAsyncPointer thaws for both. AsyncPointer has no effect

if the pointer is not frozen by the client, but the pointer need not be
grabbed by the client.

If the pointer is frozen and actively grabbed by the client, pointer event
processing continues as usual until the rBaxtonPressor ButtonRe-
leaseevent is reported to the client. At this time, the pointer again
appears to freeze. However, if the reported event causes the pointer grab
to be released, the pointer does not fre€ggncPointer has no effect if

the pointer is not frozen by the client or if the pointer is not grabbed by
the client.

If the pointer is actively grabbed by the client and is frozen as the result
of an event having been sent to the client (either from the activation of a
XGrabButton or from a previousKAllowEvents with modeSync-

Pointer but not from aXGrabPointer ), the pointer grab is released and
that event is completely reprocessed. This time, however, the function
ignores any passive grabs at ooab (tovards the root of) the
grab_window of the grab just released. The request has no effect if the
pointer is not grabbed by the client or if the pointer is not frozen as the
result of an event.

If the keyboard is frozen by the client, keyboard event processing contin-
ues as usual. If the keyboard is frozen twice by the client on behalf of
two separate grabgsyncKeyboard thaws for both. AsyncKeyboard

has no effect if the keyboard is not frozen by the client, but the keyboard
need not be grabbed by the client.
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SyncKeyboard If the keyboard is frozen and actively grabbed by the client, keyboard
event processing continues as usual until the iIkeyPressor KeyRe-
leaseevent is reported to the client. At this time, the keyboard again
appears to freeze. However, if the reported event causes the keyboard
grab to be released, the keyboard does not fre8gacKeyboard has
no effect if the keyboard is not frozen by the client or if the keyboard is
not grabbed by the client.

ReplayKeyboard If the keyboard is actively grabbed by the client and is frozen as the
result of an event having been sent to the client (either from the acti-
vation of aXGrabKey or from a previous<AllowEvents with mode
SyncKeyboard but not from aXGrabKeyboard ), the keyboard grab is
released and that event is completely reprocessed. This time, however,
the function ignores any passive grabs at aval{towards the root of)
the grab_window of the grab just released. The request has no effect if
the keyboard is not grabbed by the client or if the keyboard is not frozen
as the result of an event.

SyncBoth If both pointer and keyboard are frozen by the client, event processing
for both devices continues as usual until the mBaxtonPress,
ButtonRelease KeyPress or KeyReleaseevent is reported to the
client for a grabbed device (button event for the pointer, key event for the
keyboard), at which time the devices again appear to freeze. However, if
the reported event causes the grab to be released, then the devices do not
freeze (but if the other device is still grabbed, then a subsequent event for
it will still cause both devices to freezegyncBoth has no effect unless
both pointer and keyboard are frozen by the client. If the pointer or
keyboard is frozen twice by the client on behalf of two separate grabs,
SyncBoth thaws for both (but a subsequent freezeSpncBoth will
only freeze each device once).

AsyncBoth If the pointer and the keyboard are frozen by the client, event processing
for both devices continues as usual. If a device is frozen twice by the
client on behalf of two separate graBsyncBoth thaws for both.
AsyncBoth has no effect unless both pointer and keyboard are frozen by
the client.

AsyncPointer, SyncPointer, and ReplayPointer have no effect on the processing of keyboard
events. AsyncKeyboard, SyncKeyboard, and ReplayKeyboard have no effect on the process-

ing of pointer events. Itis possible for both a pointer grab and a keyboard grab (by the same or
different clients) to be active simultaneously. If a device is frozen on behalf of either grab, no
event processing is performed for the device. Itis possible for a single device to be frozen
because of both grabs. In this case, the freeze must be released on behalf of both grabs before
events can again be processed. If a device is frozen twice by a single client, thenAllsivgle
Eventsreleases both.

XAllowEvents can generate BadValue error.

12.4. Moving the Pointer

Although movement of the pointer normally should be left to the control of the end user, some-
times it is necessary toavethe pointer to a new position under program control.

258



Xlib — C Library X11, Release 6

To movethe pointer to an arbitrary point in a window, ué&/arpPointer .

XWarpPointer flisplay, src_w, dest_w src_x, src_y, src_width src_height dest_x
dest y
Display *display,
Windowsrc_w, dest_w
int src_x src_y,
unsigned insrc_width src_height
int dest_xdest y

display Specifies the connection to the X server.

Src_w Specifies the source window bione.

dest_w Specifies the destination window Nibne.

src_x

src_y

src_width

src_height Specify a rectangle in the source window.

dest_x

dest y Specify the x and y coordinates within the destination window.

If dest_w isNone, XWarpPointer moves the pointer by the offsets (dest_x, dest_y) relative to
the current position of the pointer. If dest_w is a windgW/arpPointer moves the pointer to

the offsets (dest_x, dest_y) relative to the origin of dest_ w. However, if src_w is a window, the
moveonly takes place if the window src_w contains the pointer and if the specified rectangle of
src_w contains the pointer.

The src_x and src_y coordinates are relative to the origin of src_w. If src_height is zero, it is
replaced with the current height of src_w minus src_y. If src_width is zero, it is replaced with the
current width of src_w minus src_x.

There is seldom any reason for calling this function. The pointer should normally be left to the
user. If you do use this function, however, it generates events just as if the user had instanta-
neously moved the pointer from one position to another. Note that you canntiMasp-

Pointer to movethe pointer outside the confine_to window of an active pointer grab. An attempt
to do so will only nevethe pointer as far as the closest edge of the confine_to window.

XWarpPointer can generate BadWindow error.

12.5. Controlling Input Focus

Xlib provides functions that you can use to set and get the input focus. The input focus is a
shared resource, and cooperation among clients is required for correct interaction. li8ee the
Client Communication Conventions Manf@ input focus policy.

To set the input focus, us€SetinputFocus.
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XSetlnputFocusdisplay, focus revert_tq time)

Display *display;,
Window focus
int revert_tq
Timetime;
display Specifies the connection to the X server.
focus Specifies the windowRointerRoot, or None.
revert_to Specifies where the input focus reverts to if the window becomes not viewable.
You can pasfkevertToParent, RevertToPointerRoot, or RevertToNone.
time Specifies the time. You can pass either a timestan@uaentTime .

The XSetlnputFocus function changes the input focus and the last-focus-change time. It has no
effect if the specified time is earlier than the current last-focus-change time or is later than the
current X server time. Otherwise, the last-focus-change time is set to the specifieduime (
rentTime is replaced by the current X server tim&SetinputFocus causes the X server to
generatg-ocusln and FocusOut events.

Depending on the focus argument, the following occurs:

. If focus isNone, all keyboard events are discarded until a new focus window is set, and the
revert_to argument is ignored.
. If focus is a window, it becomes the keyboard’s focus window. If a generated keyboard

event would normally be reported to this window or one of its inferiors, the event is
reported as usual. Otherwise, the event is reported relative to the focus window.

. If focus is PointerRoot, the focus window is dynamically taken to be the root window of
whatever screen the pointer is on at each keyboard event. In this case, the revert_to argu-
ment is ignored.

The specified focus window must be viewable at the #8etlnputFocusis called, or 8Bad-
Match error results. If the focus window later becomes not viewable, the X server evaluates the
revert_to argument to determine the new focus window as follows:

. If revert_to isRevertToParent, the focus reverts to the parent (or the closest viewable
ancestor), and the new revert_to value is taken RdwertToNone.
. If revert_to isRevertToPointerRoot or RevertToNone, the focus reverts tBointerRoot

or None, respectively. When the focus reverts, the X server gendratesin and Focu-
sOut events, but the last-focus-change time is not affected.
XSetlnputFocus can generat®adMatch, BadValue, and BadWindow errors.

To obtain the current input focus, u§&etinputFocus.
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XGetlnputFocusdisplay, focus_returnrevert_to_return

Display *display;

Window *focus_return

int *revert_to_return
display Specifies the connection to the X server.
focus_return Returns the focus windowointerRoot, or None.

revert_to_return
Returns the current focus staiefvertToParent, RevertToPointerRoot, or
RevertToNone).

The XGetlnputFocus function returns the focus window and the current focus state.

12.6. Keyboard and Pointer Settings

Xlib provides functions that you can use to change the keyboard control, obtain a list of the auto-
repeat keys, turn keyboard auto-repeat on or off, ring the bell, set or obtain the pointer button or

keyboard mapping, and obtain a bit vector for the keyboard.

This section discusses the user-preference options of bell, key click, pointer behavior, and so on.
The default values for many of these options are server dependent. Not all implementations will

actually be able to control all of these parameters.

The XChangeKeyboardControl function changes control of a keyboard and operates on a
XKeyboardControl structure:
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[* Mask bits for ChangeKeyboardControl */

#define  KBKeyClickPercent (1L<<0)
#define  KBBellPercent (1L<<1)
#define  KBBellPitch (1L<<2)
#define  KBBellDuration (1L<<3)
#define  KBLed (1L<<4)
#define  KBLedMode (1L<<b)
#define  KBKey (1L<<6)
#define  KBAutoRepeatMode (1L<<7)
[* Values */

typedef struct {

int key_click_percent;
int bell_percent;
int bell_pitch;
int bell_duration;
int led;
int led_mode; /* LedModeOn, LedModeOff */
int key;
int auto_repeat_mode; /* AutoRepeatModeOff, AutoRepeatModeOn,
AutoRepeatModeDefault */
} XKeyboardControl;

The key_click_percent member sets the volume for key clicks between 0 (off) and 100 (loud)
inclusive, if possible. A setting of —1 restores the default. Other negative values gerigagdte a
Value error.

The bell_percent sets the base volume for the bell between 0 (off) and 100 (loud) inclusive, if
possible. A setting of —1 restores the default. Other negative values genBeat¥adue error.

The bell_pitch member sets the pitch (specified in Hz) of the bell, if possible. A setting of -1
restores the default. Other negative values genelaselsalue error. The bell_duration mem-

ber sets the duration of the bell specified in milliseconds, if possible. A setting of —1 restores the
default. Other negative values generataaValue error.

If both the led_mode and led members are specified, the state of that LED is changed, if possible.
The led_mode member can be setéaModeOn or LedModeOff. If only led_mode is speci-

fied, the state of all LEDs are changed, if possible. At most 32 LEDs numbered from one are sup-
ported. No standard interpretation of LEDs is defined. If led is specified without led_mode, a
BadMatch error results.

If both the auto_repeat_mode and key members are specified, the auto_repeat_mode of that key is
changed (according tAutoRepeatModeOn, AutoRepeatModeOff, or

AutoRepeatModeDefauli), if possible. If only auto_repeat_mode is specified, the global
auto_repeat_mode for the entire keyboard is changed, if possible, and does not affect the per key
settings. If a key is specified without an auto_repeat_moBagdMatch error results. Each key

has an individual mode of whether or not it should auto-repeat and a default setting for the mode.
In addition, there is a global mode of whether auto-repeat should be enabled or not and a default
setting for that mode. When global modeAisoRepeatModeOn, keys should obey their indi-

vidual auto-repeat modes. When global modalutRepeatModeOff, no keys should auto-

repeat. An auto-repeating key generates altern&éypPressand KeyReleaseevents. When a
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key is used as a modifier, it is desirable for the key not to auto-repeat, regardless of its auto-repeat
setting.

A bell generator connected with the console but not directly on a keyboard is treated as if it were
part of the keyboard. The order in which controls are verified and altered is server-dependent. If
an error is generated, a subset of the controls may have been altered.

XChangeKeyboardContraii{splay, value_maskvalueg
Display *display,
unsigned longalue_mask
XKeyboardControl Yalues

display Specifies the connection to the X server.

value_mask Specifies which controls to change. This mask is the bitwise inclusive OR of the
valid control mask bits.

values Specifies one value for each bit set to 1 in the mask.

The XChangeKeyboardControl function controls the keyboard characteristics defined by the
XKeyboardControl structure. The value_mask argument specifies which values are to be
changed.

XChangeKeyboardControl can generat®adMatch and BadValue errors.
To obtain the current control values for the keyboard XSetKeyboardControl .

XGetKeyboardControldisplay, values_returiy
Display *display,
XKeyboardState Values_return

display Specifies the connection to the X server.
values_return Returns the current keyboard controls in the specKi¢édyboardState struc-
ture.

The XGetKeyboardControl function returns the current control values for the keyboard to the
XKeyboardState structure.

typedef struct {
int key_click_percent;
int bell_percent;
unsigned int bell_pitch, bell_duration;
unsigned long led_mask;
int global_auto_repeat;
char auto_repeats[32];
} XKeyboardState;

For the LEDs, the least-significant bit of led_mask corresponds to LED one, and each bit setto 1
in led_mask indicates an LED that is lit. The global_auto_repeat member can be set to
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AutoRepeatModeOn or AutoRepeatModeOff. The auto_repeats member is a bit vector. Each
bit set to 1 indicates that auto-repeat is enabled for the corresponding key. The vector is repre-
sented as 32 bytes. Byte N (from 0) contains the bits for keys 8N toBwith the least-

significant bit in the byte representing key 8N.

To turn on keyboard auto-repeat, d6ésutoRepeatOn.
XAutoRepeatOndisplay)
Display *display;,
display Specifies the connection to the X server.
The XAutoRepeatOn function turns on auto-repeat for the keyboard on the specified display.

To turn off keyboard auto-repeat, us@dutoRepeatOff.

XAutoRepeatOffflisplay)
Display *display;

display Specifies the connection to the X server.
The XAutoRepeatOff function turns off auto-repeat for the keyboard on the specified display.
To ring the bell, usXBell.

XBell(display, percen)

Display *display,
int percent
display Specifies the connection to the X server.
percent Specifies the volume for the bell, which can range from —=100 to 100 inclusive.

The XBell function rings the bell on the keyboard on the specified display, if possible. The speci-
fied volume is relative to the base volume for the keyboard. If the value for the percent argument
is not in the range —100 to 100 inclusiveBadValue error results. The volume at which the bell
rings when the percent argument is nonnegative is:

base - [(base * percent) / 100] + percent

The volume at which the bell rings when the percent argument is negative is:
base + [(base * percent) / 100]

To change the base volume of the bell, ¥§#angeKeyboardControl.

XBell can generate BadValue error.

To obtain a bit vector that describes the state of the keyboarXQuseryKeymap.
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XQueryKeymapdisplay, keys_returi
Display *display;,
charkeys_returf32];

display Specifies the connection to the X server.

keys return  Returns an array of bytes that identifies which keys are pressed down. Each bit
represents one key of the keyboard.

The XQueryKeymap function returns a bit vector for the logical state of the keyboard, where

each bit set to 1 indicates that the corresponding key is currently pressed down. The vector is rep-
resented as 32 bytes. Byte N (from 0) contains the bits for keys 8Nltor8with the least-

significant bit in the byte representing key 8N.

Note that the logical state of a device (as seen by client applications) may lag the physical state if
device event processing is frozen.

To set the mapping of the pointer buttons, ¥SetPointerMapping.

int XSetPointerMappingdisplay, map nmap
Display *display;
unsigned chamap(];
int nmap

display Specifies the connection to the X server.
map Specifies the mapping list.
nmap Specifies the number of items in the mapping list.

The XSetPointerMapping function sets the mapping of the pointer. If it succeeds, the X server
generates MappingNotify event, andXSetPointerMapping returnsMappingSuccess Ele-

ment map[i] defines the logical button number for the physical button i+1. The length of the list
must be the same a&etPointerMapping would return, or 88adValue error results. A zero

element disables a button, and elements are not restricted in value by the number of physical but-
tons. However, no two elements can have the same nonzero vallgadyaue error results.

If any of the buttons to be altered are logically in the down skBetPointerMapping returns
MappingBusy, and the mapping is not changed.

XSetPointerMapping can generate BadValue error.

To get the pointer mapping, u¥&etPointerMapping .
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int XGetPointerMappingdisplay, map_returnnmap)
Display *display;
unsigned chamap_returd];
int nmap

display Specifies the connection to the X server.
map_return  Returns the mapping list.
nmap Specifies the number of items in the mapping list.

The XGetPointerMapping function returns the current mapping of the pointer. Pointer buttons
are numbered starting from on¥GetPointerMapping returns the number of physical buttons
actually on the pointer. The nominal mapping for a pointer is map[i]=i+1. The nmap argument
specifies the length of the array where the pointer mapping is returned, and only the first nmap
elements are returned in map_return.

To control the pointer’s interactive feel, us€hangePointerControl.

XChangePointerControfifsplay, do_acce] do_thresholgdaccel _numeratar
accel_denominatqrthreshold
Display *display,
Bool do_acce] do_threshold
int accel_numerataraccel_denominatqr

int threshold
display Specifies the connection to the X server.
do_accel Specifies a Boolean value that controls whether the values for the

accel_numerator or accel_denominator are used.

do_threshold Specifies a Boolean value that controls whether the value for the threshold is
used.

accel_numerator
Specifies the numerator for the acceleration multiplier.

accel_denominator
Specifies the denominator for the acceleration multiplier.

threshold Specifies the acceleration threshold.

The XChangePointerControl function defines how the pointing device moves. The accelera-

tion, expressed as a fraction, is a multiplier for movement. For example, specifying 3/1 means the
pointer moves three times as fast as normal. The fraction may be rounded arbitrarily by the X
server. Acceleration only takes effect if the pointer moves more than threshold pixels at once and
only applies to the amount beyond the value in the threshold argument. Setting a value to -1
restores the default. The values of the do_accel and do_threshold arguments Tnustfbe

the pointer values to be set, or the parameters are unchanged. Negative values (other than -1)
generate 8adValue error, as does a zero value for the accel_denominator argument.

XChangePointerControl can generate BadValue error.

To get the current pointer parameters, ¥&etPointerControl .
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XGetPointerControldisplay, accel_numerator_returraccel_denominator_retugn
threshold_returi
Display *display;,
int *accel_numerator_returyfaccel_denominator_return
int *threshold_return

display Specifies the connection to the X server.

accel_numerator_return
Returns the numerator for the acceleration multiplier.

accel_denominator_return
Returns the denominator for the acceleration multiplier.

threshold_return
Returns the acceleration threshold.

The XGetPointerControl function returns the pointer’s current acceleration multiplier and accel-
eration threshold.

12.7. Keyboard Encoding

A KeyCode represents a physical (or logical) key. KeyCodes lie in the inclusive range [8,255]. A
KeyCode value carries no intrinsic information, although server implementors may attempt to
encode geometry (for example, matrix) information in some fashion so that it can be interpreted
in a server-dependent fashion. The mapping between keys and KeyCodes cannot be changed.

A KeySym is an encoding of a symbol on the cap of a key. The set of defined KeySyms includes
the ISO Latin character sets (1-4), Katakana, Arabic, Cyrillic, Greek, Technical, Special, Publish-
ing, APL, Hebrew, Thai, Korean and a miscellany of keys found on keyboards (Return, Help, Tab,
and so on). To the extent possible, these sets are derived from international standards. In areas
where no standards exist, some of these sets are derived from Digital Equipment Corporation
standards. The list of defined symbols can be founXitil&keysymdef.l». Unfortunately,

some C preprocessors have limits on the number of defined symbols. If you must use KeySyms
not in the Latin 1-4, Greek, and miscellaneous classes, you may have to define a symbol for those
sets. Most applications usually only includé1d/keysym.h>, which defines symbols for ISO

Latin 1-4, Greek, and miscellaneous.

A list of KeySyms is associated with each KeyCode. The list is intendedveydbie set of
symbols on the corresponding key. If the list (ignoring traiN@Symbol entries) is a single
KeySym “K”, then the list is treated as if it were the ligl NoSymbolK NoSymbol”. If the list
(ignoring trailingNoSymbol entries) is a pair of KeySymK1 K2, then the list is treated as if
it were the list ‘K1 K2 K1 KZ. If the list (ignoring trailing NoSymbol entries) is a triple of
KeySyms ‘K1 K2 K3, then the list is treated as if it were the lig{1 K2 K3NoSymbol”.

When an explicit “void” element is desired in the list, the valim@dSymbol can be used.

The first four elements of the list are split into two groups of KeySyms. Group 1 contains the first
and second KeySyms; Group 2 contains the third and fourth KeySyms. Within each group, if the
second element of the groupN®Symbol, then the group should be treated as if the second ele-
ment were the same as the first element, except when the first element is an alphabetic KeySym
“K” for which both lowercase and uppercase forms are defined. In that case, the group should be
treated as if the first element were the lowercase fornKdghd the second element were the
uppercase form ofK.”

The standard rules for obtaining a KeySym frolkegPressevent make use of only the Group 1
and Group 2 KeySyms; no interpretation of other KeySyms in the list is given. Which group to
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use is determined by the modifier state. Switching between groups is controlled by the KeySym
named MODE SWITCH, by attaching that KeySym to some KeyCode and attaching that
KeyCode to any one of the modifidvkod1 throughMod5. This modifier is called thgroup

modifier. For any KeyCode, Group 1 is used when the group modifier is off, and Group 2 is used
when the group modifier is on.

The Lock modifier is interpreted as CapsLock when the KeySym named XK_Caps_Lock is
attached to some KeyCode and that KeyCode is attached tockemodifier. TheLock modi-
fier is interpreted as ShiftLock when the KeySym named XK_Shift_Lock is attached to some
KeyCode and that KeyCode is attached tolthek modifier. If theLock modifier could be
interpreted as both CapsLock and ShiftLock, the CapsLock interpretation is used.

The operation of keypad keys is controlled by the KeySym named XK_Num_Lock, by attaching
that KeySym to some KeyCode and attaching that KeyCode to any one of the métiiidrs
throughMod5. This modifier is called theumlock modifier The standard KeySyms with the
prefix “XK_KP_" in their name are called keypad KeySyms; these are KeySyms with numeric
value in the hexadecimal range OxFF80 to OXFFBD inclusive. In addition, vendor-specific
KeySyms in the hexadecimal range 0x11000000 to Ox1100FFFF are also keypad KeySyms.

Within a group, the choice of KeySym is determined by applying the first rule that is satisfied
from the following list:

. The numlock modifier is on and the second KeySym is a keypad KeySym. In this case, if
the Shift modifier is on, or if thd.ock modifier is on and is interpreted as ShiftLock, then
the first KeySym is used, otherwise the second KeySym is used.

. The Shift andLock modifiers are both off. In this case, the first KeySym is used.

. The Shift modifier is off, and thé.ock modifier is on and is interpreted as CapsLock. In
this case, the first KeySym is used, but if that KeySym is lowercase alphabetic, then the cor-
responding uppercase KeySym is used instead.

. The Shift modifier is on, and theock modifier is on and is interpreted as CapsLock. In
this case, the second KeySym is used, but if that KeySym is lowercase alphabetic, then the
corresponding uppercase KeySym is used instead.

. The Shift modifier is on, or th&eock modifier is on and is interpreted as ShiftLock, or
both. In this case, the second KeySym is used.

No spatial geometry of the symbols on the key is defined by their order in the KeySym list,
although a geometry might be defined on a server-specific basis. The X server does not use the
mapping between KeyCodes and KeySyms. Rather, it merely stores it for reading and writing by
clients.

To obtain the legal KeyCodes for a display, XgisplayKeycodes
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XDisplayKeycodesdisplay, min_keycodes_returmax_keycodes_retuyn
Display *display;
int *min_keycodes_returrf max_keycodes_return

display Specifies the connection to the X server.

min_keycodes_return
Returns the minimum number of KeyCodes.

max_keycodes_return
Returns the maximum number of KeyCodes.

The XDisplayKeycodesfunction returns the min-keycodes and max-keycodes supported by the
specified display. The minimum number of KeyCodes returned is never less than 8, and the maxi-
mum number of KeyCodes returned is never greater than 255. Not all KeyCodes in this range are
required to have corresponding keys.

To obtain the symbols for the specified KeyCodes XSetKeyboardMapping .

KeySym *XGetKeyboardMappingisplay, first_keycodekeycode count
keysyms_per_keycode_return
Display *display,
KeyCodefirst_keycode
int keycode_count
int *keysyms_per_keycode_return

display Specifies the connection to the X server.
first_keycode Specifies the first KeyCode that is to be returned.
keycode_countSpecifies the number of KeyCodes that are to be returned.

keysyms_per_keycode_return
Returns the number of KeySyms per KeyCode.

The XGetKeyboardMapping function returns the symbols for the specified number of

KeyCodes starting with first_keycode. The value specified in first_keycode must be greater than
or equal to min_keycode as returnedXiyisplayKeycodes or aBadValue error results. In

addition, the following expression must be less than or equal to max_keycode as returned by
XDisplayKeycodes

first_keycode + keycode count -1
If this is not the case, BadValue error results. The number of elements in the KeySyms list is:
keycode_count * keysyms_per_keycode_return

KeySym number N, counting from zero, for KeyCode K has the following index in the list, count-
ing from zero:

(K - first_code) * keysyms_per_code_return + N

The X server arbitrarily chooses the keysyms_per_keycode_return value to be large enough to
report all requested symbols. A special KeySym valuea$ymbolis used to fill in unused ele-
ments for individual KeyCodes. To free the storage returnexiGgtkeyboardMapping, use
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XFree.
XGetKeyboardMapping can generate BadValue error.

To change the keyboard mapping, ds&hangeKeyboardMapping.

XChangeKeyboardMappindisplay; first_keycodgkeysyms per_keycadeysymsnum_codekp
Display *display;,
int first_keycode
int keysyms_per_keycade
KeySym *keysyms
int num_codes

display Specifies the connection to the X server.

first_keycode Specifies the first KeyCode that is to be changed.

keysyms_per_keycode
Specifies the number of KeySyms per KeyCode.

keysyms Specifies an array of KeySyms.
num_codes Specifies the number of KeyCodes that are to be changed.

The XChangeKeyboardMapping function defines the symbols for the specified number of
KeyCodes starting with first_keycode. The symbols for KeyCodes outside this range remain
unchanged. The number of elements in keysyms must be:

num_codes * keysyms_per_keycode

The specified first_keycode must be greater than or equal to min_keycode returned by
XDisplayKeycodes or aBadValue error results. In addition, the following expression must be
less than or equal to max_keycode as returnediigplayKeycodes or aBadValue error

results:

first_keycode + num_codes - 1

KeySym number N, counting from zero, for KeyCode K has the following index in keysyms,
counting from zero:

(K — first_keycode) * keysyms_per_keycode + N

The specified keysyms_per_keycode can be chosen arbitrarily by the client to be large enough to
hold all desired symbols. A special KeySym valuéNefSymbol should be used to fill in unused
elements for individual KeyCodes. It is legal fdoSymbolto appear in nontrailing positions of

the effective list for a KeyCodeXChangeKeyboardMapping generates &appingNotify

event.

There is no requirement that the X server interpret this mapping. It is merely stored for reading
and writing by clients.

XChangeKeyboardMapping can generat8adAlloc and BadValue errors.
The next six functions make use of ti®odifierKkeymap data structure, which contains:
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typedef struct {
int max_keypermod; /* This server’s max number of keys per modifier */
KeyCode *modifiermap; /* An 8 by max_keypermod array of the modifiers */
} XModifierkKeymap;

To create arXModifierKeymap structure, us&XNewModifiermap .

XModifierKeymap *XNewModifiermaphax_keys_per_mod
int max_keys_per_med

max_keys_per_mod
Specifies the number of KeyCode entries preallocated to the modifiers in the
map.

The XNewModifiermap function returns a pointer tdModifierKeymap structure for later use.
To add a new entry to aXModifierKeymap structure, us&InsertModifiermapEntry .

XModifierKeymap *XInsertModifiermapEntryfiodmapkeycode_entrymodifier)
XModifierKeymap ‘modmap
KeyCodekeycode_entry
int modifier,

modmap Specifies theXModifierKeymap structure.

keycode_entry Specifies the KeyCode.

modifier Specifies the modifier.

The XinsertModifiermapEntry function adds the specified KeyCode to the set that controls the
specified modifier and returns the resultkilodifierKkeymap structure (expanded as needed).

To delete an entry from aXModifierKeymap structure, usXDeleteModifiermapEntry .

XModifierKeymap *XDeleteModifiermapEntryjodmapkeycode_entrymodifier)
XModifierKeymap ‘modmap
KeyCodekeycode_entry
int modifier,

modmap Specifies theXModifierKeymap structure.

keycode_entry Specifies the KeyCode.

modifier Specifies the modifier.

The XDeleteModifiermapEntry function deletes the specified KeyCode from the set that con-
trols the specified modifier and returns a pointer to the resXtihgdifierKeymap structure.

To destroy arXModifierKeymap structure, us&XFreeModifiermap .
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XFreeModifiermapodmayp)
XModifierKeymap ‘modmap

modmap Specifies theXModifierKeymap structure.
The XFreeModifiermap function frees the specifiedModifierKeymap structure.
To set the KeyCodes to be used as modifiersX@ModifierMapping .

int XSetModifierMappingdisplay, modmayp)
Display *display,
XModifierKeymap ‘modmap

display Specifies the connection to the X server.
modmap Specifies theXModifierKeymap structure.

The XSetModifierMapping function specifies the KeyCodes of the keys (if any) that are to be
used as modifiers. If it succeeds, the X server generdfieppingNotify event, andXSetMod-
ifierMapping returnsMappingSuccess X permits at most eight modifier keys. If more than
eight are specified in théModifierKeymap structure, 8BBadLength error results.

The modifiermap member of theéModifierKeymap structure contains eight sets of
max_keypermod KeyCodes, one for each modifier in the @, Lock, Control, Mod1,

Mod2, Mod3, Mod4, andMod5. Only nonzero KeyCodes have meaning in each set, and zero
KeyCodes are ignored. In addition, all of the nonzero KeyCodes must be in the range specified
by min_keycode and max_keycode in isplay structure, or @8adValue error results.

An X server can impose restrictions on how modifiers can be changed, for example, if certain

keys do not generate up transitions in hardware, if auto-repeat cannot be disabled on certain keys,
or if multiple modifier keys are not supported. If some such restriction is violated, the status

reply is MappingFailed, and none of the modifiers are changed. If the new KeyCodes specified

for a maodifier differ from those currently defined and any (current or new) keys for that modifier
are in the logically down statXSetModifierMapping returnsMappingBusy, and none of the
modifiers is changed.

XSetModifierMapping can generatBadAlloc and BadValue errors.

To obtain the KeyCodes used as modifiers,XGetModifierMapping .

XModifierKeymap *XGetModifierMappingdisplay)
Display *display;

display Specifies the connection to the X server.

The XGetModifierMapping function returns a pointer to a newly creakddodifierKeymap

structure that contains the keys being used as madifiers. The structure should be freed after use
by calling XFreeModifiermap. If only zero values appear in the set for any modifier, that modi-
fier is disabled.
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Chapter 13

Locales and Internationalized Text Functions

An internationalized application is one that is adaptable to the requirements of different native
languages, local customs, and character string encodings. The process of adapting the operation
to a particular native language, local custom, or string encoding is called localization. A goal of
internationalization is to permit localization without program source modifications or recompila-
tion.

As one of the localization mechanisms, Xlib provides an X Input Metktd () functional inter-
face for internationalized text input, and an X Output MetR¢@N! ) functional interface inter-
nationalized text output.

Internationalization in X is based on the conceptlotale A locale defines the localized
behavior of a program at run time. Locales affect Xlib in its:

. Encoding and processing of input method text

. Encoding of resource files and values

. Encoding and imaging of text strings

. Encoding and decoding for inter-client text communication

Characters from various languages are represented in a computer using an encoding. Different
languages have different encodings, and there are even different encodings for the same charac-
ters in the same language.

This chapter defines support for localized text imaging and text input and describes the locale
mechanism that controls all locale-dependent Xlib functions. Sets of functions are provided for
multibyte (char *) text as well as wide character (wchar_t) text in the form supported by the host
C language environment. The multibyte and wide character functions are equivalent except for
the form of the text argument.

The Xlib internationalization functions are not meant to provide support for multilingual applica-
tions (mixing multiple languages within a single piece of text), but they make it possible to imple-
ment applications that work in limited fashion with more than one language in independent con-
texts.

13.1. X Locale Management

X supports one or more of the locales defined by the host environment. On implementations that
conform to the ANSI C library, the locale announcement methedtiecale This function con-
figures the locale operation of both the host C library and Xlib. The operation of Xlib is governed
by the LC_CTYPE category; this is called therent locale An implementation is permitted to
provide implementation dependent mechanisms for announcing the locale in addition to
setlocale

On implementations that do not conform to the ANSI C library, the locale announcement method
is Xlib implementation dependent.

The mechanism by which the semantic operation of Xlib is defined for a specific locale is imple-
mentation dependent.

273



Xlib — C Library X11, Release 6

X'is not required to support all the locales supported by the host. To determine if the current
locale is supported by X, us€SupportsLocale.

Bool XSupportsLocale()

The XSupportsLocale function returnstrue if Xlib functions are capable of operating under the
current locale. If it returngalse, Xlib locale-dependent functions for which tKé&ocaleNot-
Supported return status is defined will retudiLocaleNotSupported. Other Xlib locale-
dependent routines will operate in the “C” locale.

The client is responsible for selecting its locale and X modifiers. Clients should provide a means
for the user to override the clients’ locale selection at client invocation. Most single-display X
clients operate in a single locale for both X and the host processing environment. They will con-
figure the locale by calling three functions: the host locale configuration function,
XSupportsLocale, and XSetLocaleModifiers.

The semantics of certain categories of X internationalization capabilities can be configured by
setting modifiers. Modifiers are named by implementation dependent and locale-specific strings.
The only standard use for this capability at present is selecting one of several styles of keyboard
input method.

To configure Xlib locale modifiers for the current locale, ¥SetLocaleModifiers.

char *XSetLocaleModifiergtfiodifier_lis)
char *modifier_list

modifier_list Specifies the modifiers.

The XSetLocaleModifiers function sets the X modifiers for the current locale setting. The modi-
fier_list argument is a null-terminated string of the form “¢@egory=value}”, that is, having

zero or more concatenated ‘@tegory-value’ entries wherecategoryis a category name and
valueis the (possibly empty) setting for that category. The values are encoded in the current
locale. Category names are restricted to the POSIX Portable Filename Character Set.

The local host X locale modifiers announcer (on POSIX-compliant systems, the XMODIFIERS
environment variable) is appended to the modifier_list to provide default values on the local host.
If a given category appears more than once in the list, the first setting in the list is used. If a given
category is not included in the full modifier list, the category is set to an implementation depen-
dent default for the current locale. An empty value for a category explicitly specifies the imple-
mentation dependent default.

If the function is successful, it returns a pointer to a string. The contents of the string are such
that a subsequent call with that string (in the same locale) will restore the modifiers to the same
settings. If modifier_list is a NULL pointeKSetLocaleModifiers also returns a pointer to such

a string, and the current locale modifiers are not changed.

If invalid values are given for one or more modifier categories supported by the locale, a NULL
pointer is returned, and none of the current modifiers are changed.

At program startup, the modifiers that are in effect are unspecified until the first successful call to
set them. Whenever the locale is changed, the modifiers that are in effect become unspecified
until the next successful call to set them. Clients should alwayX8alil ocaleModifiers with

a non-NULL maodifier_list after setting the locale before they call any locale-dependent Xlib
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routine.

The only standard modifier category currently defined is “im”, which identifies the desired input
method. The values for input method are not standardized. A single locale may use multiple
input methods, switching input method under user control. The modifier may specify the initial
input method in effect or an ordered list of input methods. Multiple input methods may be speci-
fied in a single im value string in an implementation dependent manner.

The returned modifiers string is owned by Xlib and should not be modified or freed by the client.
It may be freed by Xlib after the current locale or modifiers are changed. Until freed, it will not
be madified by Xlib.

The recommended procedure for clients initializing their locale and modifiers is to obtain locale
and modifier announcers separately from one of the following prioritized sources:

. A command line option
. A resource
. The empty string (")

The first of these that is defined should be used. Note that when a locale command line option or
locale resource is defined, the effect should be to set all categories to the specified locale, overrid-
ing any category-specific settings in the local host environment.

13.2. Locale and Modifier Dependencies

The internationalized Xlib functions operate in the current locale configured by the host environ-
ment and X locale modifiers set byBetLocaleMadifiers, or in the locale and modifiers config-
ured at the time some object supplied to the function was created. For each locale-dependent
function, the following table describes the locale (and modifiers) dependency:

Locale from Affects the Function In

Locale Query/Configuration:

setlocale XSupportsLocale Locale queried
XSetLocaleModifiers Locale modified
Resources:

setlocale XrmGetFileDatabase Locale of XrmDatabase
XrmGetStringDatabase

XrmDatabase XrmPutFileDatabase Locale of XrmDatabase
XrmLocaleOfDatabase

Setting Standard Properties:

setlocale XmbSetWMProperties Encoding of supplied/returned
text (some WM __ property
text in environment locale)

setlocale XmbTextPropertyToTextList Encoding of supplied/returned
text
XwcTextPropertyToTextList
XmbTextListToTextProperty
XwcTextListToTextProperty
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Locale from Affects the Function In
Text Input:

setlocale XOpenIM XIM input method selection
XRegisterIMInstantiateCallback XIM selection
XUnregisterIMInstantiateCallback XIM selection

XIM XCreatelC XIC input method configuration
XLocaleOfIM , and so on Queried locale

XIC XmbLookupString Keyboard layout
XwcLookupString Encoding of returned text
Text Drawing:

setlocale XOpenOM XOM output method selection
XCreateFontSet Charsets of fonts iXFontSet

XOM XCreateOC XOC output method configura-

tion

XLocaleOfOM, and so on Queried locale

XFontSet XmbDrawText, Locale of supplied text
XwcDrawText, and so on Locale of supplied text
XExtentsOfFontSet, and so on Locale-dependent metrics
XmbTextExtents,
XwcTextExtents, and so on
Xlib Errors:

setlocale XGetErrorDatabaseText Locale of error message
XGetErrorText

Clients may assume that a locale-encoded text string returned by an X function can be passed to a
C library routine, or vice-versa, if the locale is the same at the two calls.

All text strings processed by internationalized Xlib functions are assumed to begin in the initial
state of the encoding of the locale, if the encoding is state-dependent.

All Xlib functions behave as if they do not change the current locale or X modifier setting. (This
means that if they do change locale or e¢&HetLocaleModifiers with a non-NULL argument,

they must save and restore the current state on entry and exit.) Also, Xlib functions on implemen-
tations that conform to the ANSI C library do not alter the global state associated with the ANSI

C functionsmblen, mbtowc, wctomb, andstrtok .

13.3. Variable Argument Lists

Various functions in this chapter have arguments that conform to the ANSI C variable argument
list calling convention. Each function denoted with an argument of the form “...” takes a variable
length list of name and value pairs, where each name is a string and each value is of type
XPointer. A name argument that is NULL identifies the end of the list.

A variable length argument list may contain a nested list. If the névadlestedList is speci-

fied in place of an argument name, then the following value is interprete\&ae\eestedList

value which specifies a list of values logically inserted into the original list at the point of declara-
tion. A NULL identifies the end of a nested list.
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To allocate a nested variable argument list dynamicallyXieCreateNestedList

typedef void * XVaNestedList;

XVaNestedList XVaCreateNestedLisii(mmy ...)
int dummy

dummy Specifies an unused argument (required by ANSI C).
Specifies the variable length argument list.

The XVaCreateNestedListfunction allocates memory and copies its arguments into a single list
pointer, which may be used as a value for arguments requiring a list value. Any entries are copied
as specified. Data passed by reference is not copied; the caller must ensure data remains valid for
the lifetime of the nested list. The list should be freed uXiRgee when it is no longer needed.

13.4. Output Method Overview

Locale-dependent text may include one or more text components, each of which may require dif-
ferent fonts and character set encodings. In some languages, each component might have a differ-
ent drawing direction, and some components might contain context-dependent characters that
change shape based on relationships with neighboring characters.

When drawing such locale-dependent text, some locale-specific knowledge is required; for exam-
ple, what fonts are required to draw the text, how the text can be separated into components, and
which fonts are selected to draw each component. Further, when bi-directional text must be
drawn, the internal representation order of the text must be changed into the visual representation
order to be drawn.

An X Output Method provides a functional interface so that clients do not have to deal directly
with such locale-dependent details. Output methods provide the following capabilities:

. Creating a set of fonts required to draw locale-dependent text.

. Drawing locale-dependent text with a font set without the caller needing to be aware of
locale dependencies.

. Obtaining the escapement and extents in pixels of locale-dependent text.

. Determining if bi-directional or context-dependent drawing is required in a specific locale
with a specific font set.

Two different abstractions are used in the representation of the output method for clients.

The abstraction used to communicate with an output method is an opaque data structure repre-
sented by th&XOM data type. The abstraction for representing state of a particular output thread
is called aroutput context The Xlib representation of an output context isX&»C , which is
compatible withXFontSet in terms of its functional interface, but is a broader, more generalized
abstraction.

13.5. Output Method Functions
To open an output method, uX®penOM.

277



Xlib — C Library X11, Release 6

XOM XOpenOM(display, db, res_nameres_clas$
Display *display;,
XrmDatabasalb;
char *es_name
char *es_class

display Specifies the connection to the X server.

db Specifies a pointer to the resource database.
res_name Specifies the full resource name of the application.
res_class Specifies the full class name of the application.

The XOpenOM function opens an output method matching the current locale and modifiers
specification. The current locale and modifiers are bound to the output methoX@henOM
is called. The locale associated with an output method cannot be changed.

The specific output method to which this call will be routed is identified on the basis of the cur-
rent locale and modifiersXOpenOM will identify a default output method corresponding to the
current locale. That default can be modified usi8ptLocaleModifiers to set the output

method maodifier.

The db argument is the resource database to be used by the output method for looking up
resources that are private to the output method. It is not intended that this database be used to
look up values that can be set as OC values in an output context. If db is NULL, no database is
passed to the output method.

The res_name and res_class arguments specify the resource name and class of the application.
They are intended to be used as prefixes by the output method when looking up resources that are
common to all output contexts that may be created for this output method. The characters used

for resource names and classes must be in the X Portable Character Set. The resources looked up
are not fully specified if res_name or res_class is NULL.

The res_name and res_class arguments are not assumed to exist beyond tK©paih@M .
The specified resource database is assumed to exist for the lifetime of the output method.
XOpenOM returns NULL if no output method could be opened.

To close an output method, us€loseOM.

Status XCloseOMd¢m)
XOM om;

om Specifies the output method.
The XCloseOM function closes the specified output method.

To set output method attributes, U§8etOMValues.
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char * XSetOMValuesg¢m, ...)
XOM om;
om Specifies the output method.
Specifies the variable length argument list to set XOM values.

The XSetOMValues function presents a variable argument list programming interface for setting
properties or features of the specified output method. This function returns NULL if it succeeds;
otherwise, it returns the name of the first argument that could not be obtained.

No standard arguments are currently defined by Xlib.
To query an output method, uS&etOMValues.

char * XGetOMValuesg¢m, ...)
XOM om;
om Specifies the output method.
Specifies the variable length argument list to get XOM values.

The XGetOMValues function presents a variable argument list programming interface for query-
ing properties or features of the specified output method. This function returns NULL if it suc-
ceeds; otherwise, it returns the name of the first argument that could not be obtained.

To obtain the display associated with an output methodXDseplayOfOM .

Display * XDisplayOfOM (om)
XOM om;
om Specifies the output method.

The XDisplayOfOM function returns the display associated with the specified output method.
To get the locale associated with an output methodXusealeOfOM .

char * XLocaleOfOM pm)
XOM om;

om Specifies the output method.

The XLocaleOfOM returns the locale associated with the specified output method.

13.6. XOM Value Arguments
The following table describes how XOM values are interpreted by an output method.

The first column lists the XOM values. The second column indicates how each of the XOM val-
ues are treated by a particular output style.

The following keys apply to this table.

279



Xlib — C Library X11, Release 6

Keys Explanation

G This value may be read usiXgsetOMValues.
XOM Value

XNRequiredCharSet G

XNQueryOrientation G

XNDirectionalDependentDrawing G

XNContextualDrawing G

13.6.1. Required Char Set

The XNRequiredCharSet argument returns the list of charsets that are required for loading the
fonts needed for the locale. The value of the argument is a pointer to a structure of type
XOMCharSetList .

The XOMCharSetList structure is defined as follows.

typedef struct {
int charset_count;
char **charset_list;
} XOMCharSetList;

The charset_list member is a list of one or more null-terminated charset names, and the
charset_count member is the number of charset names.

The required charset list is owned by Xlib and should not be modified or freed by the client. It
will be freed by a call t&CloseOM with the associateOM . Until freed, its contents will not
be modified by Xlib.

13.6.2. Query Orientation

The XNQueryOrientation argument returns the global orientation of text when drawn. Other
than XOMOrientation_LTR_TTB , the set of orientations supported is locale-dependent. The
value of the argument is a pointer to a structure of ¥Q#&Orientation . Clients are responsi-
ble for freeing theXOMOrientation structure by usingFree.
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typedef struct {

int num_orientation;

XOrientation *orientation; /* Input Text description */
} XOMOirientation;

typedef enum {
XOMOrientation_LTR_TTB,
XOMOrientation_RTL_TTB,
XOMOrientation_ TTB_LTR,
XOMOrientation_TTB_RTL,
XOMGOirientation_Context

} XOrientation;

The possible value for XOrientation may be:

. XOMOrientation_LTR_TTB left-to-right, top-to-bottom global orientation
. XOMOrientation RTL_TTB right-to-left, top-to-bottom global orientation
. XOMOrientation_TTB_LTR top-to-bottom, left-to-right global orientation
. XOMOrientation_TTB_RTL top-to-bottom, right-to-left global orientation
. XOMOirientation_Context contextual global orientation

13.6.3. Directional Dependent Drawing

The XNDirectionalDependentDrawing argument indicates whether the text rendering functions
implement implicit handling of directional text. If this valueTisie, the output method has

knowledge of directional dependencies and reorders text as necessary when rendering text. If this
value isFalse, the output method does not implement any directional text handling and all char-
acter directions are assumed to be left-to-right.

Regardless of the rendering order of characters, the origins of all characters are on the primary
draw direction side of the drawing origin.

This OM value presents functionality identical to ¥irectionalDependentDrawing function.

13.6.4. Context Dependent Drawing

The XNContextualDrawing argument indicates whether the text rendering functions implement
implicit context-dependent drawing. If this valuelisie, the output method has knowledge of
context dependencies and performs character shape editing, combining glyphs to present a single
character as necessary. The actual shape editing is dependent on the locale implementation and
the font set used.

This OM value presents functionality identical to K€ontextualDrawing function.

13.7. Output Context Functions

An output context is an abstraction that contains both the data required by an output method and
the information required to display that data. There can be multiple output contexts for one out-
put method. The programming interfaces for creating, reading, or modifying an output context
use a variable argument list. The name elements of the argument lists are referred to as XOC val-
ues. ltis intended that output methods be controlled by these XOC values. As new XOC values
are created, they should be registered with the X ConsortiumX@@ can be used anywhere an
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XFontSet can be used, and vise ver¥&ontSet is retained for compatibility with previous

releases. The concepts of output methods and output contexts include broader, more generalized
abstraction than font set, supporting complex and more intelligent text display, and dealing not
only with multiple fonts but also with context dependencies. HowelleontSet is widely used

in several interfaces, s¥OC is defined as an upward compatible typeXgbntSet.

To create an output context, us€reateOC.

XOC XCreateOCdm, ...)
XOM om;
om Specifies the output method.
Specifies the variable length argument list to set XOC values.

The XCreateOC function creates an output context within the specified output method.

The base font names argument is mandatory at creation time, and the output context will not be
created unless it is provided. All other output context values can be set later.

XCreateOC returns NULL if no output context could be created. NULL can be returned for any
of the following reasons:

. A required argument was not set.

. A read-only argument was set.

. An argument name is not recognized.

. The output method encountered an output method implementation-dependent error.
XCreateOC can generate BadAtom error.

To destroy an output context, uk®estroyOC.

void XDestroyOC 6c)
XOC oc;

oc Specifies the output context.
The XDestroyOC function destroys the specified output context.
To get the output method associated with an output contexx @sfOC .

XOM XOMOfOC(oc)
XOC oc;

oc Specifies the output context.
The XOMOfOC function returns the output method associated with the specified output context.

Xlib provides two functions for setting and reading output context values, respecti8et)C-
Values and XGetOCValues. Both functions have a variable length argument list. In that argu-
ment list, any XOC value’s nhame must be denoted with a character string using the X Portable
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Character Set.
To set XOC values, us€SetOCValues

char * XSetOCValues, ...)
XOC oc;
oc Specifies the output context.
Specifies the variable length argument list to set XOC values.

The XSetOCValuesfunction returns NULL if no error occurred; otherwise, it returns the name
of the first argument that could not be set. An argument might not be set for any of the following
reasons:

. The argument is read-only.
. The argument name is not recognized.
. An implementation-dependent error occurs.

Each value to be set must be an appropriate datum, matching the data type imposed by the seman-
tics of the argument.

XSetOCValuescan generat®adAtom error.
To obtain XOC values, useGetOCValues.

char * XGetOCValuedd, ...)
XOC oc;
oc Specifies the output context.
Specifies the variable length argument list to get XOC values.

The XGetOCValues function returns NULL if no error occurred; otherwise, it returns the name
of the first argument that could not be obtained. An argument might not be obtained for any of
the following reasons:

. The argument name is not recognized.
. An implementation-dependent error occurs.
Each argument value following a name must point to a location where the value is to be stored.

13.8. XOC Value Arguments
The following table describes how XOC values are interpreted by an output method.

The first column lists the XOC values. The second column indicates the alternative interfaces that
function identically and are provided for compatibility with previous releases. The third column
indicates how each of the XOC values are treated.

The following keys apply to this table.

Keys Explanation

C This value must be set wibkCreateOC.
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Keys Explanation

D This value may be set usin¢CreateOC. If itis not set, a default is pro-
vided.

G This value may be read usiXgsetOCValues.

S This value must be set usiXgetOCValues

XOC Value alternative interface

BaseFontName XCreateFontSet C-G

MissingCharSet XCreateFontSet G

DefaultString XCreateFontSet G

Orientation - D-S-G

ResourceName - S-G

ResourceClass - S-G

Fontlnfo XFontsOfFontSet G

OMAutomatic - G

13.8.1. Base Font Name

The XNBaseFontNameargument is a list of base font names that Xlib uses to load the fonts
needed for the locale. The base font names are a comma-separated list. The string is null-
terminated, and is assumed to be in the Host Portable Character Encoding; otherwise, the result is
implementation dependent. White space immediately on either side of a separating comma is
ignored.

Use of XLFD font names permits Xlib to obtain the fonts needed for a variety of locales from a
single locale-independent base font name. The single base font name should name a family of
fonts whose members are encoded in the various charsets needed by the locales of interest.

An XLFD base font name can explicitly name a charset needed for the locale. This allows the
user to specify an exact font for use with a charset required by a locale, fully controlling the font
selection.

If a base font name is not an XLFD name, Xlib will attempt to obtain an XLFD name from the
font properties for the font. If Xlib is successful, ti&etOCValues function will return this
XLFD name instead of the client-supplied name.

This argument must be set at creation time and cannot be changed. If no fonts exist for any of the
required charsets, or if the locale definition in Xlib requires that a font exist for a particular
charset and a font is not found for that char&€reateOC returns NULL.

13.8.2. Missing CharSet

The XNMissingCharSet argument returns the list of required charsets that are missing from the
font set. The value of argument is a pointer to a structure ofXgdCharSetList .

If fonts exist for all of the charsets required by the current locale, charset_list is set to NULL and
charset_count is set to zero. If no fonts exist for one or more of the required charsets, charset_list
is set to a list of one or more null-terminated charset names for which no fonts exist, and
charset_count is set to the number of missing charsets. The charsets are from the list of the
required charsets for the encoding of the locale, and do not include any charsets to which Xlib
may be able to remap a required charset.
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The missing charset list is owned by Xlib and should not be modified or freed by the client. It
will be freed by a call t&DestroyOC with the associatedOC. Until freed, its contents will
not be modified by Xlib.

13.8.3. Default String

When a drawing or measuring function is called witiX&C that has missing charsets, some
characters in the locale will not be drawable. KDefaultString argument returns a pointer

to a string that represents the glyphs that are drawn wittK@® when the charsets of the avail-

able fonts do not include all glyphs required to draw a character. The string does not necessarily
consist of valid characters in the current locale and is not necessarily drawn with the fonts loaded
for the font set, but the client can draw or measure the default glyphs by including this string in a
string being drawn or measured with tK@C.

If XNDefaultString argument returned the empty string (*"), no glyphs are drawn and the
escapement is zero. The returned string is null-terminated. It is owned by Xlib and should not be
modified or freed by the client. It will be freed by a calMbDestroyOC with the associated

XOC. Until freed, its contents will not be modified by Xlib.

13.8.4. Orientation

The XNOrientation argument specifies the current orientation of text when drawn. The value of
this argument is one of the values returned byxGetOMValues function with theXNQuery-
Orientation argument specified in théOrientation list. The value of the argument is of type
XOrientation . WhenXNOrientation is queried, the value specifies the current orientation.
When XNOrientation is set, a value is used to set the current orientation.

When XOMOrientation_Context is set, the text orientation of the the text is determined accord-
ing to an implementation-defined method (for example, 1ISO 6429 control sequences) and the ini-
tial text orientation for locale dependent Xlib functions is assumed to be

XOMOrientation LTR_TTB .

The XNOrientation value does not change the prime drawing direction for Xlib drawing func-
tions.

13.8.5. Resource Name and Class

The XNResourceNameand XNResourceClassarguments are strings that specify the full name

and class used by the client to obtain resources for the display of the output context. These values
should be used as prefixes for name and class when looking up resources that may vary according
to the output context. If these values are not set, the resources will not be fully specified.

It is not intended that values that can be set as XOM values be set as resources.

13.8.6. Font Info

The XNFontinfo argument specifies a list of one or mét€ontStruct structures and font
names for the fonts used for drawing by the given output context. The value of the argument is a
pointer to a structure of typeOMFontinfo .
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typedef struct {
int num_font;
XFontStruct **font_struct_list;
char **font_name_list;

} XOMFontiInfo;

A list of pointers to theXFontStruct structures is returned to font_struct_list. A list of pointers

to null-terminated, fully-specified font name strings in the locale of the output context is returned
to font_name_list. The font_name_list order corresponds to the font_struct_list order. The num-
ber of XFontStruct structures and font names is returned to num_font.

Because it is not guaranteed that a given character will be imaged using a single font glyph, there
is no provision for mapping a character or default string to the font properties, font ID, or direc-
tion hint for the font for the character. The client may accesXHBuomtStruct list to obtain these
values for all the fonts currently in use.

Xlib does not guarantee that fonts are loaded from the server at the creatiok@ECanXlib

may choose to cache font data, loading it only as needed to draw text or compute text dimensions.
Therefore, existence of the per_char metrics indRentStruct structures in theXFontStruct-

Setis undefined. Also, note that all properties in XfeontStruct structures are in the STRING
encoding.

The client must not free thé¢OMFontIinfo struct itself; it will be freed when th€OC is closed.

13.8.7. OM Automatic

The XNOMAutomatic argument returns whether the associated output context was created by
XCreateFontSetor not. Since theXFreeFontSetfunction not only frees the output context but
also frees the implicit output method associated witkkreeFontSetshould be used with any
output context created byCreateFontSet However, it is possible that a client does not know
how the output context was created. Before a client destroys the output context it can query
whetherXNOMAutomatic is set to determinte wheth&FreeFontSetor XDestroyOC should

be used to destroy the output context.

13.9. Creating and Freeing a Font Set

Xlib international text drawing is done using a set of one or more fonts, as needed for the locale
of the text. Fonts are loaded according to a list of base font names supplied by the client and the
charsets required by the locale. TKEontSetis an opaque type representing the state of a par-
ticular output thread and is equivalent to the tj){@C .

The XCreateFontSetfunction is a convenience function for creating an output context using
only default values. The returned~ontSet has an implicitly createdOM . This XOM has an
OM value XNOMAutomatic automatically set tdrue so that the output context self indicates
whether it was created B¥CreateOC or XCreateFontSet
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XFontSet XCreateFontSetiéplay, base_font_name_listissing_charset_list_return
missing_charset_count_returdef string_return
Display *display;
char *base_font_name_list
char ***missing_charset_list_return
int *missing_charset_count_return
char **def_string_return

display Specifies the connection to the X server.

base font_name_list
Specifies the base font names.

missing_charset_list_return
Returns the missing charsets.

missing_charset_count_return
Returns the number of missing charsets.

def_string_return
Returns the string drawn for missing charsets.

The XCreateFontSetfunction creates a font set for the specified display. The font set is bound
to the current locale whexiCreateFontSetis called. The font set may be used in subsequent
calls to obtain font and character information and to image text in the locale of the font set.

The base_font_name_list argument is a list of base font names that Xlib uses to load the fonts
needed for the locale. The base font names are a comma-separated list. The string is null-
terminated and is assumed to be in the Host Portable Character Encoding; otherwise, the result is
implementation dependent. White space immediately on either side of a separating comma is
ignored.

Use of XLFD font names permits Xlib to obtain the fonts needed for a variety of locales from a
single locale-independent base font name. The single base font name should name a family of
fonts whose members are encoded in the various charsets needed by the locales of interest.

An XLFD base font name can explicitly name a charset needed for the locale. This allows the
user to specify an exact font for use with a charset required by a locale, fully controlling the font
selection.

If a base font name is not an XLFD name, Xlib will attempt to obtain an XLFD name from the
font properties for the font. If this action is successful in obtaining an XLFD namxBise-
FontNameListOfFontSet function will return this XLFD name instead of the client-supplied
name.

Xlib uses the following algorithm to select the fonts that will be used to display text with the
XFontSet.

For each font charset required by the locale, the base font name list is searched for the first
appearance of one of the following cases that names a set of fonts that exist at the server:

1. The first XLFD-conforming base font name that specifies the required charset or a superset
of the required charset in iGharSetRegistry and CharSetEncodingfields. The imple-
mentation may use a base font name whose specified charset is a superset of the required
charset, for example, an 1ISO8859-1 font for an ASCII charset.

2. The first set of one or more XLFD-conforming base font names that specify one or more
charsets that can be remapped to support the required charset. The Xlib implementation
may recognize various mappings from a required charset to one or more other charsets and
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use the fonts for those charsets. For example, JIS Roman is ASCII with tilde and backslash
replaced by yen and overbar; Xlib may load an ISO8859-1 font to support this character set
if a JIS Roman font is not available.

3. The first XLFD-conforming font name or the first non-XLFD font name for which an
XLFD font name can be obtained, combined with the required charset (replacing the
CharSetRegistry and CharSetEncodingfields in the XLFD font name). As in case 1,
the implementation may use a charset that is a superset of the required charset.

4, The first font name that can be mapped in some implementation dependent manner to one
or more fonts that support imaging text in the charset.

For example, assume a locale required the charsets:

1ISO8859-1
JISX0208.1983
JISX0201.1976
GB2312-1980.0

The user could supply a base_font_name_list that explicitly specifies the charsets, insuring that
specific fonts get used if they exist. For example:

"-JIS-Fixed-Medium-R-Normal--26-180-100-100-C-240-J1SX0208.1983-0,\
-JIS-Fixed-Medium-R-Normal--26-180-100-100-C-120-J1SX0201.1976-0,\
-GB-Fixed-Medium-R-Normal--26-180-100-100-C-240-GB2312-1980.0,\
-Adobe-Courier-Bold-R-Normal--25-180-75-75-M-150-ISO8859-1"

Alternatively, the user could supply a base _font_name_list that omits the charsets, letting Xlib
select font charsets required for the locale. For example:

"-JIS-Fixed-Medium-R-Normal--26-180-100-100-C-240,\
-JIS-Fixed-Medium-R-Normal--26-180-100-100-C-120,\
-GB-Fixed-Medium-R-Normal--26-180-100-100-C-240,\
-Adobe-Courier-Bold-R-Normal--25-180-100-100-M-150"

Alternatively, the user could simply supply a single base font name that allows Xlib to select from
all available fonts that meet certain minimum XLFD property requirements. For example:

"-**-*-R-Normal--*-180-100-100-*-*"

If XCreateFontSetis unable to create the font set, either because there is insufficient memory or
because the current locale is not supporieateFontSetreturns NULL, miss-
ing_charset_list_return is set to NULL, and missing_charset_count_return is set to zero. If fonts
exist for all of the charsets required by the current loc&BreateFontSetreturns a valid

XFontSet, missing_charset_list_return is set to NULL, and missing_charset_count_return is set
to zero.

If no font exists for one or more of the required charsé@eateFontSetsets miss-
ing_charset_list_return to a list of one or more null-terminated charset names for which no font
exists and sets missing_charset_count_return to the number of missing fonts. The charsets are
from the list of the required charsets for the encoding of the locale and do not include any
charsets to which Xlib may be able to remap a required charset.

If no font exists for any of the required charsets or if the locale definition in Xlib requires that a
font exist for a particular charset and a font is not found for that chXiGetateFontSetreturns
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NULL. Otherwise,XCreateFontSetreturns a validXFontSet to font_set.

When an Xmb/wc drawing or measuring function is called witlKBantSet that has missing

charsets, some characters in the locale will not be drawable. If def _string_return is non-NULL,
XCreateFontSetreturns a pointer to a string that represents the glyphs that are drawn with this
XFontSet when the charsets of the available fonts do not include all font glyphs required to draw

a codepoint. The string does not necessarily consist of valid characters in the current locale and is
not necessarily drawn with the fonts loaded for the font set, but the client can draw and measure
the default glyphs by including this string in a string being drawn or measured with the

XFontSet.

If the string returned to def_string_return is the empty string ("), no glyphs are drawn, and the
escapement is zero. The returned string is null-terminated. It is owned by Xlib and should not be
modified or freed by the client. It will be freed by a calMBreeFontSetwith the associated
XFontSet. Until freed, its contents will not be modified by Xlib.

The client is responsible for constructing an error message from the missing charset and default
string information and may choose to continue operation in the case that some fonts did not exist.

The returnedXFontSet and missing charset list should be freed W#reeFontSetand
XFreeStringList, respectively. The client-supplied base_font_name_list may be freed by the
client after callingXCreateFontSet

To obtain a list ofXFontStruct structures and full font names given dRontSet, use
XFontsOfFontSet.

int XFontsOfFontSetfont_set font_struct_list_returnfont_name_list_return
XFontSetfont_set
XFontStruct ***font_struct_list_return
char **font_name_list_return

font_set Specifies the font set.

font_struct_list_return
Returns the list of font structs.

font_name_list_return
Returns the list of font names.

The XFontsOfFontSet function returns a list of one or mord-ontStructs and font names for

the fonts used by the Xmb and Xwc layers, for the given font set. A list of pointers to the
XFontStruct structures is returned to font_struct_list_return. A list of pointers to null-
terminated, fully specified font name strings in the locale of the font set is returned to
font_name_list_return. The font_name_list order corresponds to the font_struct_list order. The
number ofXFontStruct structures and font names is returned as the value of the function.

Because it is not guaranteed that a given character will be imaged using a single font glyph, there
is no provision for mapping a character or default string to the font properties, font ID, or direc-
tion hint for the font for the character. The client may accesXBuomtStruct list to obtain these
values for all the fonts currently in use.

Xlib does not guarantee that fonts are loaded from the server at the creatiokFaiaSet.

Xlib may choose to cache font data, loading it only as needed to draw text or compute text dimen-
sions. Therefore, existence of the per_char metrics iXBummtStruct structures in the
XFontStructSet is undefined. Also, note that all properties in ¥feontStruct structures are in
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the STRING encoding.

The XFontStruct and font name lists are owned by Xlib and should not be modified or freed by
the client. They will be freed by a call XFreeFontSetwith the associatedFontSet. Until
freed, their contents will not be modified by Xlib.

To obtain the base font name list and the selected font name list giXdroatSet, use
XBaseFontNameListOfFontSet

char *XBaseFontNameListOfFontS&nt_sej
XFontSetfont_set

font_set Specifies the font set.

The XBaseFontNameListOfFontSetfunction returns the original base font name list supplied

by the client when th&XFontSet was created. A null-terminated string containing a list of
comma-separated font names is returned as the value of the function. White space may appear
immediately on either side of separating commas.

If XCreateFontSetobtained an XLFD name from the font properties for the font specified by a
non-XLFD base name, théBaseFontNameListOfFontSetfunction will return the XLFD name
instead of the non-XLFD base name.

The base font name list is owned by Xlib and should not be modified or freed by the client. It
will be freed by a call t&FreeFontSetwith the associatedlFontSet. Until freed, its contents
will not be modified by Xlib.

To obtain the locale name given AfrontSet, useXLocaleOfFontSet
char *XLocaleOfFontSefont_sej

XFontSetfont_set
font_set Specifies the font set.

The XLocaleOfFontSet function returns the name of the locale bound to the specified
XFontSet, as a null-terminated string.

The returned locale name string is owned by Xlib and should not be modified or freed by the
client. It may be freed by a call dFreeFontSetwith the associatedFontSet. Until freed, it
will not be modified by Xlib.

The XFreeFontSetfunction is a convenience function for freeing an output cont&kree-
FontSetalso frees its associateéd®M if the output context was creating ByCreateFontSet
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void XFreeFontSetisplay, font_se}
Display *display;,
XFontSetfont_set

display Specifies the connection to the X server.
font_set Specifies the font set.

The XFreeFontSetfunction frees the specified font set. The associated base font name list, font
name list, XFontStruct list, and XFontSetExtents, if any, are freed.

13.10. Obtaining Font Set Metrics

Metrics for the internationalized text drawing functions are defined in terms of a primary draw
direction, which is the default direction in which the character origin advances for each succeed-
ing character in the string. The Xlib interface is currently defined to support only a left-to-right
primary draw direction. The drawing origin is the position passed to the drawing function when
the text is drawn. The baseline is a line drawn through the drawing origin parallel to the primary
draw direction. Character ink is the pixels painted in the foreground color and does not include
interline or intercharacter spacing or image text background pixels.

The drawing functions are allowed to implement implicit text directionality control, reversing the
order in which characters are rendered along the primary draw direction in response to locale-
specific lexical analysis of the string.

Regardless of the character rendering order, the origins of all characters are on the primary draw
direction side of the drawing origin. The screen location of a particular character image may be
determined withXmbTextPerCharExtents or XwcTextPerCharExtents.

The drawing functions are allowed to implement context-dependent rendering, where the glyphs
drawn for a string are not simply a concatenation of the glyphs that represent each individual
character. A string of two characters drawn wiimbDrawString may render differently than if

the two characters were drawn with separate calébDrawString . If the client appends or

inserts a character in a previously drawn string, the client may need to redraw some adjacent char-
acters to obtain proper rendering.

To find out about direction-dependent rendering,XB@&ectionalDependentDrawing.

Bool XDirectionalDependentDrawinfnt_sej
XFontSetfont_set

font_set Specifies the font set.

The XDirectionalDependentDrawing function returnsTrue if the drawing functions implement
implicit text directionality; otherwise, it returrisalse.

To find out about context-dependent rendering,XGSentextualDrawing .
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Bool XContextualDrawingfont_sej
XFontSetfont_set

font_set Specifies the font set.

The XContextualDrawing function returnslrue if text drawn with the font set might include
context-dependent drawing; otherwise, it returatse.

To find out about context-dependent or direction-dependent rendering, use
XContextDependentDrawing.

Bool XContextDependentDrawinfpnt_sej
XFontSetfont_set

font_set Specifies the font set.

The XContextDependentDrawingfunction returnsTrue if the drawing functions implement
implicit text directionality or if text drawn with the font_set might include context-dependent
drawing; otherwise, it returnSalse.

The drawing functions do not interpret newline, tab, or other control characters. The behavior
when nonprinting characters other than space are drawn is implementation dependent. It is the
client’s responsibility to interpret control characters in a text stream.

The maximum character extents for the fonts that are used by the text drawing layers can be
accessed by th¥FontSetExtents structure:

typedef struct {
XRectangle max_ink_extent; /* over all drawable characters */
XRectangle max_logical_extent; /* over all drawable characters */
} XFontSetExtents;

The XRectangle structures used to return font set metrics are the usual Xlib screen-oriented rect-
angles with x, y giving the upper left corner, and width and height always positive.

The max_ink_extent member gives the maximum extent, over all drawable characters, of the rect-
angles that bound the character glyph image drawn in the foreground color, relative to a constant
origin. SeeXmbTextExtents and XwcTextExtents for detailed semantics.

The max_logical_extent member gives the maximum extent, over all drawable characters, of the
rectangles that specify minimum spacing to other graphical features, relative to a constant origin.
Other graphical features drawn by the client, for example, a border surrounding the text, should
not intersect this rectangle. The max_logical_extent member should be used to compute mini-
mum interline spacing and the minimum area that must be allowed in a text field to draw a given
number of arbitrary characters.

Due to context-dependent rendering, appending a given character to a string may change the
string’s extent by an amount other than that character’s individual extent.

The rectangles for a given character in a string can be obtainefrioRerCharExtents or
XwcPerCharExtents.

To obtain the maximum extents structure giverX&ontSet, use XExtentsOfFontSet.
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XFontSetExtents *XExtentsOfFontS&i(it_se)
XFontSetfont_set

font_set Specifies the font set.

The XExtentsOfFontSet function returns aiXFontSetExtents structure for the fonts used by
the Xmb and Xwc layers, for the given font set.

The XFontSetExtents structure is owned by Xlib and should not be modified or freed by the
client. It will be freed by a call tXFreeFontSetwith the associatedFontSet. Until freed, its
contents will not be maodified by Xlib.

To obtain the escapement in pixels of the specified text as a valueniidextEscapementor
XwcTextEscapement

int XmbTextEscapemenfdnt_set string, num_bytey
XFontSeftfont_set
char *string;
int num_bytes

int XwcTextEscapementgnt_set string, num_wchar}
XFontSetfont_set
wchar_t *string;
int num_wchars

font_set Specifies the font set.

string Specifies the character string.

num_bytes  Specifies the number of bytes in the string argument.
num_wchars Specifies the number of characters in the string argument.

The XmbTextEscapementand XwcTextEscapementfunctions return the escapement in pixels

of the specified string as a value, using the fonts loaded for the specified font set. The escapement
is the distance in pixels in the primary draw direction from the drawing origin to the origin of the
next character to be drawn, assuming that the rendering of the next character is not dependent on
the supplied string.

Regardless of the character rendering order, the escapement is always positive.

To obtain the overall_ink_return and overall_logical_return arguments, the overall bounding box
of the string’s image, and a logical bounding box, Xis@TextExtents
or XwcTextExtents.
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int XmbTextExtentsfont_set string, num_bytesoverall_return)
XFontSetfont_set
char *string;
int num_bytes
XRectangle dverall_ink_return
XRectangle dverall_logical_return

int XwcTextExtentsfont_set string, num_wecharsoverall_return)
XFontSetfont_set
wchar_t *string;
int num_wchars
XRectangle vverall_ink_return
XRectangle vverall_logical_return

font_set Specifies the font set.

string Specifies the character string.

num_bytes  Specifies the number of bytes in the string argument.
num_wchars Specifies the number of characters in the string argument.

overall_ink_return
Returns the overall ink dimensions.

overall_logical_return
Returns the overall logical dimensions.

The XmbTextExtents and XwcTextExtents functions set the components of the specified over-
all_ink_return and overall_logical_return arguments to the overall bounding box of the string’s
image and a logical bounding box for spacing purposes, respectively. They return the value
returned byXmbTextEscapementor XwcTextEscapement These metrics are relative to the
drawing origin of the string, using the fonts loaded for the specified font set.

If the overall_ink_return argument is non-NULL, it is set to the bounding box of the string’s char-
acter ink. The overall_ink_return for a nondescending, horizontally drawn Latin character is con-
ventionally entirely abvethe baseline; that is, overall_ink_return.height <= —over-
all_ink_return.y. The overall_ink_return for a nonkerned character is entirely at, and to the right
of, the origin; that is, overall_ink_return.x >= 0. A character consisting of a single pixel at the
origin would set overall_ink_return fields y = 0, x = 0, width = 1, and height = 1.

If the overall_logical return argument is non-NULL, it is set to the bounding box that provides
minimum spacing to other graphical features for the string. Other graphical features, for exam-
ple, a border surrounding the text, should not intersect this rectangle.

When theXFontSet has missing charsets, metrics for each unavailable character are taken from
the default string returned b¥CreateFontSetso that the metrics represent the text as it will
actually be drawn. The behavior for an invalid codepoint is undefined.

To determine the effective drawing origin for a character in a drawn string, the client should call
XmbTextPerCharExtents on the entire string, then on the character, and subtract the x values of
the returned rectangles for the character. This is useful to redraw portions of a line of text or to
justify words, but for context-dependent rendering, the client should not assume that it can redraw
the character by itself and get the same rendering.

To obtain per-character information for a text string, Xs#gTextPerCharExtents or
XwcTextPerCharExtents.
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Status XmbTextPerCharExtentsiit_set string, num_bytesink_array_return
logical_array_return array_size num_chars_returnoverall_return)
XFontSetfont_set
char *string;
int num_bytes
XRectangle thk_array_return
XRectangle togical_array_return
int array_size
int *num_chars_return
XRectangle dverall_ink_return
XRectangle dverall_logical_return

Status XwcTextPerCharExtenfelit_set string, num_wcharsink_array_return
logical_array_return array_size num_chars_returnoverall_return)
XFontSetfont_set
wchar_t *string;
int num_wchars
XRectangle thk_array_return
XRectangle togical_array return
int array_size
int *num_chars_return
XRectangle vverall_ink_return
XRectangle dverall_logical_return

font_set Specifies the font set.

string Specifies the character string.

num_bytes  Specifies the number of bytes in the string argument.
num_wchars Specifies the number of characters in the string argument.

ink_array_return
Returns the ink dimensions for each character.

logical_array_return
Returns the logical dimensions for each character.

array_size Specifies the size of ink_array_return and logical_array_return. The caller must
pass in arrays of this size.

num_chars_return
Returns the number of characters in the string argument.

overall_ink_return
Returns the overall ink extents of the entire string.

overall_logical_return
Returns the overall logical extents of the entire string.

The XmbTextPerCharExtents and XwcTextPerCharExtents functions return the text dimen-

sions of each character of the specified text, using the fonts loaded for the specified font set. Each
successive element of ink_array_return and logical_array_return is set to the successive charac-
ter’'s drawn metrics, relative to the drawing origin of the string and one rectangle for each charac-
ter in the supplied text string. The number of elements of ink_array_return and logi-
cal_array_return that have been set is returned to num_chars_return.
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Each element of ink_array_return is set to the bounding box of the corresponding character’s
drawn foreground color. Each element of logical_array_return is set to the bounding box that
provides minimum spacing to other graphical features for the corresponding character. Other
graphical features should not intersect any of the logical_array_return rectangles.

Note that anXRectanglerepresents the effective drawing dimensions of the character, regardless
of the number of font glyphs that are used to draw the character or the direction in which the char-
acter is drawn. If multiple characters map to a single character glyph, the dimensions of all the
XRectanglesof those characters are the same.

When theXFontSet has missing charsets, metrics for each unavailable character are taken from
the default string returned ByCreateFontSetso that the metrics represent the text as it will
actually be drawn. The behavior for an invalid codepoint is undefined.

If the array_size is too small for the number of characters in the supplied text, the functions return
zero and num_chars_return is set to the number of rectangles required. Otherwise, the functions
return a nonzero value.

If the overall_ink_return or overall_logical return argument is non-NWmpTextPer-
CharExtents and XwcTextPerCharExtents return the maximum extent of the string’s metrics
to overall_ink_return or overall_logical_return, as returneXimpTextExtents or
XwcTextExtents.

13.11. Drawing Text Using Font Sets

The functions defined in this section draw text at a specified location in a drawable. They are
similar to the functionXDrawText, XDrawString , and XDrawlmageString except that they

work with font sets instead of single fonts and interpret the text based on the locale of the font set
instead of treating the bytes of the string as direct font indexes. See section 8.6 for details of the
use of GCs and possible protocol errors. BaalFont error is generated, characters prior to the
offending character may have been drawn.

The text is drawn using the fonts loaded for the specified font set; the font in the GC is ignored
and may be modified by the functions. No validation that all fonts conform to some width rule is
performed.

The text functionsXmbDrawText and XwcDrawText use the following structures:

typedef struct {
char *chars; [* pointer to string */
int nchars; /* number of bytes */
int delta; [* pixel delta between strings */
XFontSet font_set; /* fonts, None means don’t change */
} XmbTextltem;
typedef struct {
wchar_t *chars; [* pointer to wide char string */
int nchars; /* number of wide characters */
int delta; [* pixel delta between strings */
XFontSet font_set; [* fonts, None means don’t change */

} XwcTextltem;
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To draw text using multiple font sets in a given drawable XuséDrawText or XwcDrawText.

void XmbDrawTextfisplay, d, gc, X, y, items nitemg
Display *display;,
Drawabled;
GCggc;
intx,y;
XmbTextltem ftems
int nitems

void XwcDrawTextdisplay, d, gc, X, y, items nitemg
Display *display;
Drawabled;
GCgc;
intx,y;
XwcTextltem *%tems
int nitems

display Specifies the connection to the X server.

d Specifies the drawable.

gc Specifies the GC.

X

y Specify the x and y coordinates.

items Specifies an array of text items.

nitems Specifies the number of text items in the array.

The XmbDrawText and XwcDrawText functions allow complex spacing and font set shifts
between text strings. Each text item is processed in turn, with the origin of a text element
advanced in the primary draw direction by the escapement of the previous text item. A text item
delta specifies an additional escapement of the text item drawing origin in the primary draw direc-
tion. A font_set member other th&tone in an item causes the font set to be used for this and
subsequent text items in the text_items list. Leading text items with a font_set member set to
None will not be drawn.

XmbDrawText and XwcDrawText do not perform any context-dependent rendering between
text segments. Clients may compute the drawing metrics by passing each text segfmdit to
TextExtents and XwcTextExtents or XmbTextPerCharExtents and

XwcTextPerCharExtents. When theXFontSet has missing charsets, each unavailable charac-
ter is drawn with the default string returned ¥greateFontSet The behavior for an invalid
codepoint is undefined.

To draw text using a single font set in a given drawable XisbDrawString or
XwcDrawString .
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void XmbDrawsString(isplay, d, font_set gc, X, y, string, num_byte¥
Display *display;,
Drawabled;
XFontSetfont_set
GCgc;
intx,y;
char *string;
int num_bytes

void XwcDrawsString ¢lisplay, d, font_setf gc, X, y, string, num_wchar}
Display *display,
Drawabled;
XFontSetfont_set
GCgc;
intx,y;
wchar_t *string;
int num_wchars

display Specifies the connection to the X server.
d Specifies the drawable.

font_set Specifies the font set.

gc Specifies the GC.

X

y Specify the x and y coordinates.

string Specifies the character string.

num_bytes  Specifies the number of bytes in the string argument.
num_wchars Specifies the number of characters in the string argument.

The XmbDrawString and XwcDrawString functions draw the specified text with the fore-
ground pixel. When th&XFontSet has missing charsets, each unavailable character is drawn
with the default string returned B¥CreateFontSet The behavior for an invalid codepoint is
undefined.

To draw image text using a single font set in a given drawableXud®rawlmageString or
XwcDrawlmageString.
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void XmbDrawlmageStringdisplay, d, font_set gc, X, y, string, num_byte¥
Display *display;,
Drawabled;
XFontSetfont_set
GCgc;
intx,y;
char *string;
int num_bytes

void XwcDrawlmageStringdisplay, d, font_sef gc, x, y, string, num_wchar}
Display *display,
Drawabled;
XFontSetfont_set
GCgc;
intx,y;
wchar_t *string;
int num_wchars

display Specifies the connection to the X server.
d Specifies the drawable.

font_set Specifies the font set.

gc Specifies the GC.

X

y Specify the x and y coordinates.

string Specifies the character string.

num_bytes  Specifies the number of bytes in the string argument.
num_wchars Specifies the number of characters in the string argument.

The XmbDrawlmageString and XwcDrawlmageString functions fill a destination rectangle
with the background pixel defined in the GC and then paint the text with the foreground pixel.
The filled rectangle is the rectangle returned to overall_logical_retuxmiyTextExtents or
XwcTextExtents for the same text andFontSet.

When theXFontSet has missing charsets, each unavailable character is drawn with the default
string returned byXCreateFontSet The behavior for an invalid codepoint is undefined.

13.12. Input Method Overview

This section provides definitions for terms and concepts used for internationalized text input and a
brief overview of the intended use of the mechanisms provided by Xlib.

A large number of languages in the world use alphabets consisting of a small set of symbols (let-
ters) to form words. To enter text into a computer in an alphabetic language, a user usually has a
keyboard on which there exists key symbols corresponding to the alphabet. Sometimes, a few
characters of an alphabetic language are missing on the keyboard. Many computer users, who
speak a Latin-alphabet-based language only have an English-based keyboard. They need to hit a
combination of keystrokes to enter a character that does not exist directly on the keyboard. A
number of algorithms have been developed for entering such characters. These are known as
European input methods, compose input methods, or dead-key input methods.
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Japanese is an example of a language with a phonetic symbol set, where each symbol represents a
specific sound. There are two phonetic symbol sets in Japanese: Katakana and Hiragana. In gen-
eral, Katakana is used for words that are of foreign origin, and Hiragana is used for writing native
Japanese words. Collectively, the two systems are called Kana. Each set consists of 48 charac-
ters.

Korean also has a phonetic symbol set, called Hangul. Each of the 24 basic phonetic symbols (14
consonants and 10 vowels) represents a specific sound. A syllable is composed of two or three
parts: the initial consonants, the vowels, and the optional last consonants. With Hangul, syllables
can be treated as the basic units on which text processing is done. For example, a delete opera-
tion may work on a phonetic symbol or a syllable. Korean code sets include several thousands of
these syllables. A user types the phonetic symbols that make up the syllables of the words to be
entered. The display may change as each phonetic symbol is entered. For example, when the
second phonetic symbol of a syllable is entered, the first phonetic symbol may change its shape
and size. Likewise, when the third phonetic symbol is entered, the first two phonetic symbols

may change their shape and size.

Not all languages rely solely on alphabetic or phonetic systems. Some languages, including
Japanese and Korean, employ an ideographic writing system. In an ideographic system, rather
than taking a small set of symbols and combining them in different ways to create words, each
word consists of one unique symbol (or, occasionally, several symbols). The number of symbols
can be very large: approximately 50,000 have been identified in Hanzi, the Chinese ideographic
system.

There are two major aspects of ideographic systems that impact their use with computers. First,
the standard computer character sets in Japan, China, and Korea include roughly 8,000 characters,
while sets in Taiwan have between 15,000 and 30,000 characters. This makes it necessary to use
more than one byte to represent a character. Second, it obviously is impractical to have a
keyboard that includes all of a given language’s ideographic symbols. Therefore, a mechanism is
required for entering characters so that a keyboard with a reasonable number of keys can be used.
Those input methods are usually based on phonetics, but there also exist methods based on the
graphical properties of characters.

In Japan, both Kana and the ideographic system Kaniji are used. In Korea, Hangul and sometimes
the ideographic system Hanja are used. Now consider entering ideographs in Japan, Korea,
China, and Taiwan.

In Japan, either Kana or English characters are typed and then a region is selected (sometimes
automatically) for conversion to Kanji. Several Kaniji characters may have the same phonetic rep-
resentation. If that is the case with the string entered, a menu of characters is presented and the
user must choose the appropriate one. If no choice is necessary or a preference has been estab-
lished, the input method does the substitution directly. When Latin characters are converted to
Kana or Kaniji, it is called a romaji conversion.

In Korea, it is usually acceptable to keep Korean text in Hangul form, but some people may
choose to write Hanja-originated words in Hanja rather than in Hangul. To change Hangul to
Hanja, the user selects a region for conversion and then follows the same basic method as that
described for Japanese.

Probably because there are well-accepted phonetic writing systems for Japanese and Korean,
computer input methods in these countries for entering ideographs are fairly standard. Keyboard
keys have both English characters and phonetic symbols engraved on them, and the user can
switch between the two sets.

The situation is different for Chinese. While there is a phonetic system called Pinyin promoted
by authorities, there is no consensus for entering Chinese text. Some vendors use a phonetic
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decomposition (Pinyin or another), others use ideographic decomposition of Chinese words, with
various implementations and keyboard layouts. There are about 16 known methods, none of
which is a clear standard.

Also, there are actually two ideographic sets used: Traditional Chinese (the original written Chi-
nese) and Simplified Chinese. Several years ago, the People’s Republic of China launched a cam-
paign to simplify some ideographic characters and eliminate redundancies altogether. Under the
plan, characters would be streamlined every five years. Characters have been revised several
times now, resulting in the smaller, simpler set that makes up Simplified Chinese.

13.12.1. Input Method Architecture

As shown in the previous section, there are many different input methods in use today, each vary-
ing with language, culture, and history. A common feature of many input methods is that the user
may type multiple keystrokes to compose a single character (or set of characters). The process of
composing characters from keystrokes is cahiegditing It may require complex algorithms

and large dictionaries involving substantial computer resources.

Input methods may require one or more areas in which to show the feedback of the actual
keystrokes, to propose disambiguation to the user, to list dictionaries, and so on. The input
method areas of concern are as follows:

. Thestatusarea is a logical extension of the LEDs that exist on the physical keyboard. Itis
a window that is intended to present the internal state of the input method that is critical to
the user. The status area may consist of text data and bitmaps or some combination.

. Thepreeditarea displays the intermediate text for those languages that are composing prior
to the client handling the data.

. Theauxiliary area is used for pop-up menus and customizing dialogs that may be required
for an input method. There may be multiple auxiliary areas for an input method. Auxiliary
areas are managed by the input method independent of the client. Auxiliary areas are
assumed to be separate dialogs, which are maintained by the input method.

There are various user interaction styles used for preediting. The ones supported by Xlib are as
follows:

. For on-the-spotnput methods, preediting data will be displayed directly in the application
window. Application data is moved to allow preedit data to appear at the point of insertion.

. Over-the-spopreediting means that the data is displayed in a preedit window that is placed
over the point of insertion.

. Off-the-spopreediting means that the preedit window is inside the application window but
not at the point of insertion. Often, this type of window is placed at the bottom of the
application window.

. Root-windowpreediting refers to input methods that use a preedit window that is the child
of RootWindow.

It would require a lot of computing resources if portable applications had to include input meth-
ods for all the languages in the world. To avoid this, a goal of the Xlib design is to allow an
application to communicate with an input method placed in a separate process. Such a process is
called aninput server The server to which the application should connect is dependent on the
environment when the application is started up, that is, the user language and the actual encoding
to be used for it. The input method connection is said todade-dependentlt is also user-

dependent. For a given language, the user can choose, to some extent, the user interface style of
input method (if choice is possible among several).
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Using an input server implies communication overhead, but applications can be migrated without
relinking. Input methods can be implemented either as a stub communicating to an input server
or as a local library.

An input method may be based ofrant-endor aback-endarchitecture. In a front-end architec-

ture, there are two separate connections to the X server: keystrokes go directly from the X server
to the input method on one connection and other events to the regular client connection. The
input method is then acting as a filter and sends composed strings to the client. A front-end archi-
tecture requires synchronization between the two connections to avoid lost key events or locking
issues.

In a back-end architecture, a single X server connection is used. A dispatching mechanism must
decide on this channel to delegate appropriate keystrokes to the input method. For instance, it
may retain a Help keystroke for its own purpose. In the case where the input method is a separate
process (that is, a server), there must be a special communication protocol between the back-end
client and the input server.

A front-end architecture introduces synchronization issues and a filtering mechanism for nonchar-
acter keystrokes (Function keys, Help, and so on). A back-end architecturs sometimes implies
more communication overhead and more process switching. If all three processes (X server,
input server, client) are running on a single workstation, there are two process switches for each
keystroke in a back-end architecture, but there is only one in a front-end architecture.

The abstraction used by a client to communicate with an input method is an opaque data structure
represented by th&IM data type. This data structure is returned byXpenIM function,

which opens an input method on a given display. Subsequent operations on this data structure
encapsulate all communication between client and input method. There is no need for an X client
to use any networking library or natural language package to use an input method.

A single input server may be used for one or more languages, supporting one or more encoding
schemes. But the strings returned from an input method will always be encoded in the (single)
locale associated witkKIM object.

13.12.2. Input Contexts

Xlib provides the ability to manage a multithreaded state for text input. A client may be using
multiple windows, each window with multiple text entry areas, and the user possibly switching
among them at any time. The abstraction for representing the state of a particular input thread is
called annput context The Xlib representation of an input context iSXEQ .

An input context is the abstraction retaining the state, properties, and semantics of communica-
tion between a client and an input method. An input context is a combination of an input method,
a locale specifying the encoding of the character strings to be returned, a client window, internal
state information, and various layout or appearance characteristics. The input context concept
somewhat matches for input the graphics context abstraction defined for graphics output.

One input context belongs to exactly one input method. Different input contexts may be associ-
ated with the same input method, possibly with the same client windovXI@uris created with

the XCreatelC function, providing anXIM argument and affiliating the input context to the

input method for its lifetime. When an input method is closed X{ftoselM, all of its affili-

ated input contexts should not be used any more (and should preferably be destroyed before clos-
ing the input method).

Considering the example of a client window with multiple text entry areas, the application pro-
grammer could, for example, choose to implement as follows:
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. As many input contexts are created as text entry areas, and the client will get the input
accumulated on each context each time it looks up in that context.

. A single context is created for a top-level window in the application. If such a window
contains several text entry areas, each time the user moves to another text entry area, the
client has to indicate changes in the context.

A range of choices can be made by application designers to use either a single or multiple input
contexts, according to the needs of their application.

13.12.3. Getting Keyboard Input

To obtain characters from an input method, a client must call the funttitrbookupString or
XwcLookupString with an input context created from that input method. Both a locale and dis-
play are bound to an input method when it is opened, and an input context inherits this locale and
display. Any strings returned bymbLookupString or XwcLookupString will be encoded in

that locale.

13.12.4. Focus Management

For each text entry area in which tkenbLookupString or XwcLookupString functionss are
used, there will be an associated input context.

When the application focus moves to a text entry area, the application must set the input context
focus to the input context associated with that area. The input context focus is set by calling
XSetlCFocuswith the appropriate input context.

Also, when the application focus moves out of a text entry area, the application should unset the
focus for the associated input context by callifignsetiCFocus. As an optimization, iXSet-
ICFocus is called successively on two different input contexts, setting the focus on the second
will automatically unset the focus on the first.

To set and unset the input context focus correctly, it will be necessary to track application-level
focus changes. Such focus changes do not necessarily correspond to X server focus changes.

If a single input context is being used to do input for multiple text entry areas, it will also be nec-
essary to set the focus window of the input context whenever the focus window changes (see sec-
tion 13.17.3).

13.12.5. Geometry Management

In most input method architectures (on-the-spot being the notable exception), the input method
will perform the display of its own data. To provide better visual locality, it is often desirable to
have the input method areas embedded within a client. To do this, the client may need to allocate
space for an input method. Xlib provides support that allows the size and position of input
method areas to be provided by a client. The input method areas that are supported for geometry
management are the status area and the preedit area.

The fundamental concept on which geometry management for input method windows is based is
the proper division of responsibilities between the client (or toolkit) and the input method. The
division of responsibilities is as follows:

. The client is responsible for the geometry of the input method window.
. The input method is responsible for the contents of the input method window.

An input method is able to suggest a size to the client, but it cannot suggest a placement. Also the
input method can only suggest a size. It does not determine the size, and it must accept the size it
is given.
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Before a client provides geometry management for an input method, it must determine if geome-
try management is needed. The input method indicates the need for geometry management by
settingXIMPreeditArea or XIMStatusArea in its XIMStyles value returned by

XGetIMValues. When a client has decided that it will provide geometry management for an
input method, it indicates that decision by settingXh8nputStyle value in theXIC .

After a client has established with the input method that it will do geometry management, the
client must negotiate the geometry with the input method. The geometry is negotiated by the fol-
lowing steps:

. The client suggests an area to the input method by settid¢\tAeesaNeededvalue for
that area. If the client has no constraints for the input method, it either will not suggest an
area or will set the width and height to zero. Otherwise, it will set one of the values.

. The client will get the XIC valuXNAreaNeeded The input method will return its sug-
gested size in this value. The input method should pay attention to any constraints sug-
gested by the client.

. The client sets the XIC valuéNArea to inform the input method of the geometry of its
window. The client should try to honor the geometry requested by the input method. The
input method must accept this geometry.

Clients doing geometry management must be aware that setting other XIC values may affect the
geometry desired by an input method. For examyiE-ontSet and XNLineSpacing may
change the geometry desired by the input method.

The table of XIC values (see section 13.17) indicates the values that can cause the desired geome-
try to change when they are set. It is the responsibility of the client to renegotiate the geometry of
the input method window when it is needed.

In addition, a geometry management callback is provided by which an input method can initiate a
geometry change.

13.12.6. Event Filtering

A filtering mechanism is provided to allow input methods to capture X events transparently to
clients. Itis expected that toolkits (or clients) uskmbLookupString or XwcLookupString

will call this filter at some point in the event processing mechanism to make sure that events
needed by an input method can be filtered by that input method.

If there were no filter, a client could receive and discard events that are necessary for the proper
functioning of an input method. The following provides a few examples of such events:

. Expose events on preedit window in local mode.

. Events may be used by an input method to communicate with an input server. Such input
server protocol related events have to be intercepted if one does not want to disturb client
code.

. Key events can be sent to a filter before they are bound to translations such as the X Toolkit
Intrinsics library provides.

Clients are expected to get the XIC vakidFilterEvents and augment the event mask for the
client window with that event mask. This mask may be zero.

13.12.7. Callbacks

When an on-the-spot input method is implemented, only the client can insert or delete preedit
data in place and possibly scroll existing text. This means the echo of the keystrokes has to be
achieved by the client itself, tightly coupled with the input method logic.
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When the user enters a keystroke, the client datbLookupString or XwcLookupString . At

this point, in the on-the-spot case, the echo of the keystroke in the preedit has not yet been done.
Before returning to the client logic that handles the input characters, the look-up function must

call the echoing logic for inserting the new keystroke. If the keystrokes entered so far make up a
character, the keystrokes entered need to be deleted, and the composed character will be returned.
Hence, what happens is that, while being called by client code, input method logic has to call

back to the client before it returns. The client code, that is, a callback procedure, is called from

the input method logic.

There are a number of cases where the input method logic has to call back the client. Each of
those cases is associated with a well-defined callback action. It is possible for the client to spec-
ify, for each input context, what callback is to be called for each action.

There are also callbacks provided for feedback of status information and a callback to initiate a
geometry request for an input method.

13.12.8. Visible Position Feedback Masks

In the on-the-spot input style, there is a problem when attempting to draw preedit strings that are
longer than the available space. Once the display area is exceeded, it is not clear how best to dis-
play the preedit string. The visible position feedback maskdMfText help resolve this prob-

lem by allowing the input method to specify hints that indicate the essential portions of the

preedit string. For example, such hints can help developers implement scrolling of a long preedit
string within a short preedit display area.

13.12.9. Preedit String Management

As highlighted before, the input method architecture provides preediting, which supports a type
of pre-processor input composition. In this case, composition consists of interpreting a sequence
of key events and returning a committed stringXmabLookupString or XwcLookupString .

This provides the basics for input methods.

In addition to preediting based on key events, a general framework is provided to give a client that
desires it more advanced preediting based on the text within the client. This framework is called
string conversiorand is provided using XIC values. The fundamental concept of string conver-
sion is to allow the input method to manipulate the client’s text independent of any user preedit-
ing operation.

The need for string conversion is based on language needs and input method capabilities. The
following are some examples of string conversion:

. Transliteration conversion provides language-specific conversions within the input method.
In the case of Korean input, users wish to convert a Hangul string into a Hanja string while
in preediting, after preediting, or in other situations (for example, on a selected string). The
conversion is triggered when the user presses a Hangul-to-Hanja key sequence (which may
be input method specific). Sometimes the user may want to invoke the conversion after fin-
ishing preediting, or on a user-selected string. Thus, the string to be converted is in an
application buffer, not in the preedit area of the input method. The string conversion ser-
vices allow the client to request this transliteration conversion from the input method.

There are many other transliteration conversions defined for various languages, for exam-
ple, Kana-to-Kanji conversion in Japanese.

The key to remember is that transliteration conversions are triggered at the request of the

user and returned to the client immediately without affecting the preedit area of the input
method.
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. Re-conversion of a previously committed string or a selected string is supported by many
input methods as a convenience to the user. For example, a user tends to mistype the com-
mit key while preediting. In that case, some input methods provide a special key sequence
to request a “re-convert” operation on the committed string, similiar to the undo facility
provided by most text editors. Another example is where the user is proof reading a docu-
ment that has some mis-conversions from preediting, and wants to correct the mis-
converted text. Such re-conversion is again triggered by the user invoking some special
action, but re-conversions should not affect the state of the preedit area.

. Context-sensitive conversion is required for some languages and input methods that need to
retrieve text that surrounds the current spot location (cursor position) of the client’s buffer.
Such text is needed when the preediting operation depends on some surrounding characters
(usually preceding the spot location). For example, in Thai language input, certain charac-
ter sequences may be invalid and the input method may want to check whether characters
constitute a valid word. Input methods that do such context-dependent checking need to
retrieve the characters surrounding the current cursor position to obtain complete words.

Unlike other conversions, this conversion is not explicitly requested by the user. Input
methods that provide such context-sensitive conversion continuously need to request con-
text from the client, and any change in the context of the spot location may affect such con-
versions. The client’'s context would be needed if the user moves the cursor and starts edit-
ing again.

For this reason, an input method supporting this type of conversion should take notice of
when the client callXmbResetIC or XwcResetIC, which is usually an indication of a
context change.

Context-sensitive conversions just need a copy of the client’s text, while other conversions replace
the client’s text with new text to achieve the re-conversion or transliteration. Yet in all cases the
result of a conversion, either immediately or via preediting, is returned ¥nthé&ookup-

String and XwcLookupString functions.

String conversion support is dependent on the availability ckKM®tringConversion or
XNStringConversionCallback XIC values. Since the input method may not support string con-
versions, clients have to query availability of string conversion operations by checking the sup-
ported XIC values list by callingfGetIMValues with the XNQuerylCValues IM value.

The difference between these two values is whether the conversion is invoked by the client or the
input method. TheXNStringConversion XIC value is used by clients to request a string conver-
sion from the input method. The client is responsible for determining which events are used to
trigger the string conversion and whether the string to be converted should be copied or deleted.
The type of conversion is determined by the input method; the client can only pass the string to be
converted. The client is guaranteed thaddStringConversionCallback will be issued when

this value is set; thus, the client need only set one of the these values.

The XNStringConversionCallback XIC value is used by the client to notify the input method

that it will accept requests from the input method for string conversion. If this value is set, it is
the input method’s responsibility to determine which events are used to trigger the string conver-
sion. When such events occur, the input method issues a call to the client-supplied procedure to
retrieve the string to be converted. The client’s callback procedure is notified whether to copy or
delete the string and is provided with hints as to the amount of text needed. It is up to the client
to determine the actual string to be converted, but it should be the text surrounding the client’'s
cursor position.
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If the input method is performing a context-sensitive conversion, the callback should request a
copy of the surrounding text usirg)MStringConversionRetrieval . If it is one of the other
conversions, the callback should request a substitution using
XIMStringConversionSubstitution . For example, the client should delete the string if the input
method is expected to return a newly composed string.

Finally, the input method may call the clienkiNStringConversionCallback procedure multi-

ple times if the string returned from the callback is not sufficient to perform a successful conver-
sion. The arguments to the client’s procedure allow the input method to define a position (in
character units) relative to the client’s cursor position and the size of the text needed. By varying
the position and size of the desired text in subsequent callbacks, the input method can retrieve
additional text.

13.13. Input Method Management

The interface to input methods might appear to be simply creating an input mé@pen|M )
and freeing an input methoXCloselM). However, input methods may require complex com-
munication with input method servers (IM servers), for example:

. If the X server, IM server, and X clients are started asynchronously, some clients may
attempt to connect to the IM server before it is fully operational, and fail. Therefore, some
mechanism is needed to allow clients to detect when an IM server has started.

It is up to clients to decide what should be done when an IM server is not available (for example,

wait, or use some other IM server).

. Some input methods may allow the underlying IM server to be switched. Such customiza-
tion may be desired without restarting the entire client.

To support management of input methods in these cases, the following functions are provided:

XRegisterIMInstantiateCallback This function allows clients to register a callback proce-

dure to be called when Xlib detects that an IM server is
up and available.

XOpenIM A client calls this function as a result of the callback pro-
cedure being called.
XSetIMValue, XSetICValue These functions use the XIM and XIC values,

XNDestroyCallback, to allow a client to register a call-
back procedure to be called when Xlib detects that an IM
server that was associated with an opened input method
is no longer available.

In addition, this function can be used to switch IM servers for those input re
such functionality. The IM value for switching IM servers is implementatior
description below about switching IM servers.
XUnregisterIMInstantiateCall- This function removes a callback procedure registered by the client.
back

Input methods that support switching of IM servers may exhibit some side-effects:

. The input method will insure that any new IM server supports any of the input styles being
used by input contexts already associated with the input method. However, the list of sup-
ported input styles may be different.

. Geometry management requests on previously created input contexts may be initiated by
the new IM server.
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13.13.1. Hot Keys

Some clients need to guarantee which keys can be used to escape from the input method, regard-
less of the input method state; for example, the client-specific Help key or the keygetthm

input focus. The HotKey mechanism allows clients to specify a set of keys for this purpose.
However, the input method might not allow clients to specify hot keys. Therefore, clients have to
guery support of hot keys by checking the supported XIC values list by cAlhegiMValues

with the XNQuerylCValues IM value. When the hot keys specified conflict with the key bind-

ings of the input method, hot keys take precedence over the key bindings of the input method.

13.13.2. Preedit State Operation

An input method may have several internal states, depending on its implementation and the
locale. However, one state that is independent of locale and implementation is whether the input
method is currently performing a preediting operation. Xlib provides the ability for an applica-
tion to manage the preedit state programmatically. Two methods are provided for retrieving the
preedit state of an input context. One method is to query the state by é&atCValues with

the XNPreeditState XIC value. Another method is to receive notification whenever the preedit
state is changed. To receive such notification, an application needs to register a callback by call-
ing XSetICValues with the XNPreeditStateCallback XIC value. In order to change the preedit
state programatically, an application needs to X&tICValues with XNPreeditState.

Availability of the preedit state is input method dependent. The input method may not provide
the ability to set the state or to retrieve the state programatically. Therefore, clients have to query
availability of preedit state operations by checking the supported XIC values list by xaHag
tIMValues with the XNQuerylCValues IM value.

13.14. Input Method Functions
To open a connection, us®peniM .

XIM XOpenIM (display, db, res_nameres_clas$
Display *display,
XrmDatabaselb;
char *es_name
char *es_class

display Specifies the connection to the X server.

db Specifies a pointer to the resource database.
res_name Specifies the full resource name of the application.
res_class Specifies the full class name of the application.

The XOpenlIM function opens an input method, matching the current locale and modifiers speci-
fication. Current locale and modifiers are bound to the input method at opening time. The locale
associated with an input method cannot be changed dynamically. This implies the strings
returned byXmbLookupString or XwcLookupString, for any input context affiliated with a

given input method, will be encoded in the locale current at the time the input method is opened.

The specific input method to which this call will be routed is identified on the basis of the current
locale. XOpenIM will identify a default input method corresponding to the current locale. That
default can be modified usin¢SetLocaleModifiers for the input method modifier.
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The db argument is the resource database to be used by the input method for looking up resources
that are private to the input method. It is not intended that this database be used to look up values
that can be set as IC values in an input context. If db is NULL, no database is passed to the input
method.

The res_name and res_class arguments specify the resource name and class of the application.
They are intended to be used as prefixes by the input method when looking up resources that are
common to all input contexts that may be created for this input method. The characters used for
resource names and classes must be in the X Portable Character Set. The resources looked up are
not fully specified if res_name or res_class is NULL.

The res_name and res_class arguments are not assumed to exist beyond tX©paihtil .
The specified resource database is assumed to exist for the lifetime of the input method.

XOpenIM returns NULL if no input method could be opened.
To close a connection, u3eloselM.

Status XCloselMifn)
XIM im;

im Specifies the input method.
The XCloselM function closes the specified input method.
To set input method attributes, us8etiIMValues.

char * XSetIMValuesifm, ...)
XIM im;

im Specifies the input method.
Specifies the variable length argument list to set XIM values.

The XSetIMValues function presents a variable argument list programming interface for setting
attributes of the specified input method. It returns NULL if it succeeds; otherwise, it returns the
name of the first argument that could not be obtained.

To query an input method, u¥&etiIMValues.

char * XGetIMValuesim, ...)
XIM im;

im Specifies the input method.
Specifies the variable length argument list to get XIM values.

The XGetlMValues function presents a variable argument list programming interface for query-
ing properties or features of the specified input method. This function returns NULL if it suc-
ceeds; otherwise, it returns the name of the first argument that could not be obtained.

To obtain the display associated with an input methodXeplayOfIM .
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Display * XDisplayOfIM (im)
XIM im;

im Specifies the input method.

The XDisplayOfIM function returns the display associated with the specified input method.
To get the locale associated with an input methodXiseale OfIM .

char * XLocaleOfIM {(m)

XIM im;

im Specifies the input method.
The XLocaleOfIM function returns the locale associated with the specified input method.
To register an input method instantiate callback,XRegisterIMInstantiateCallback

Bool XRegisterIMInstantiateCallbacHigplay, db, res_nameres_classcallback, client_datg
Display *display;,
XrmDatabaselb;
char *es_name
char *es_class
XIMProc callback
XPointer *client_datg

display Specifies the connection to the X server.

db Specifies a pointer to the resource database.

res_name Specifies the full resource name of the application.
res_class Specifies the full class name of the application.

callback Specifies a pointer to the input method instantiate callback.

client_data  Specifies the additional client data.

The XRegisterIMInstantiateCallback function registers a callback to be invoked whenever a
new input method becomes available for the specified display that matches the current locale and
modifiers.

The generic prototype is as follows:
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void IMInstantiateCallbacldisplay, client_datg call_data)
Display *display;,
XPointerclient_datg
XPointercall_data;

display Specifies the connection to the X server.
client_data  Specifies the additional client data.
call_data Not used for this callback and always passed as NULL.

To unregister an input method instantiation callback XlderegisterIMInstantiateCallback

Bool XUnregisterIMInstantiateCallbacHisplay, db, res_nameres_classcallback client_datg
Display *display;,
XrmDatabaselb;
char *es_name
char *es_class
XIMProc callback
XPointer *client_datg

display Specifies the connection to the X server.

db Specifies a pointer to the resource database.

res_name Specifies the full resource name of the application.
res_class Specifies the full class name of the application.

callback Specifies a pointer to the input method instantiate callback.

client_data  Specifies the additional client data.

The XUnregisterIMInstantiateCallback function removes an input method instantiation call-
back previously registered.

13.15. XIM Value Arguments
The following table describes how XIM values are interpreted by an input method.

The first column lists the XIM values. The second column indicates how each of the XIM values
are treated by that input style.

The following keys apply to this table.

Keys Explanation
D This value may be set usit¢fSetIMValues. If it is not set, a default is pro-
vided.
S This value may be set usixgpetiMValues.
G This value may be read usiXgsetIMValues .
XIM Value
XNQuerylnputStyle G
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XIM Value
XNResourceName D-S-G
XNResourceClass D-S-G
XNDestroyCallback D-S-G

XNQuerylMValuesList G
XNQuerylCValuesList G
XNVisiblePosition G
XNRG6PreeditCallback D-S-G

13.15.1. Query Input Style

A client should always query the input method to determine which input styles are supported.
The client should then find an input style it is capable of supporting.

If the client cannot find an input style that it can support, it should negotiate with the user the con-
tinuation of the program (exit, choose another input method, and so on).

The argument value must be a pointer to a location where the returned value will be stored. The
returned value is a pointer to a structure of e Styles. Clients are responsible for freeing
the XIMStyles structure. To do so, use€Free.

The XIMStyles structure is defined as follows:

typedef unsigned long XIMStyle;

#define  XIMPreeditArea 0x0001L
#define  XIMPreeditCallbacks 0x0002L
#define  XIMPreeditPosition 0x0004L
#define  XIMPreeditNothing 0x0008L
#define  XIMPreeditNone 0x0010L
#define  XIMStatusArea 0x0100L
#define  XIMStatusCallbacks 0x0200L
#define  XIMStatusNothing 0x0400L
#define  XIMStatusNone 0x0800L
typedef struct {

unsigned short count_styles;
XIMStyle * supported_styles;
} XIMStyles;

An XIMStyles structure contains the number of input styles supported in its count_styles field.
This is also the size of the supported_styles array.

The supported styles is a list of bitmask combinations, which indicate the combination of styles

for each of the areas supported. These areas are described below. Each element in the list should
select one of the bitmask values for each area. The list describes the complete set of combina-
tions supported. Only these combinations are supported by the input method.
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The preedit category defines what type of support is provided by the input method for preedit

information.

XIMPreeditArea

XIMPreeditPosition

XIMPreeditCallbacks

XIMPreeditNothing
XIMPreeditNone

If chosen, the input method would require the client to provide some
area values for it to do its preediting. Refer to XIC val¥birea

and XNAreaNeeded

If chosen, the input method would require the client to provide posi-
tional values. Refer to XIC valueeNSpotLocation and
XNFocusWindow.

If chosen, the input method would require the client to define the set
of preedit callbacks. Refer to XIC valugdPreeditStartCallback,
XNPreeditDoneCallback, XNPreeditDrawCallback, and
XNPreeditCaretCallback.

If chosen, the input method can function without any preedit values.
The input method does not provide any preedit feedback. Any
preedit value is ignored. This style is mutually exclusive with the
other preedit styles.

The status category defines what type of support is provided by the input method for status infor-

mation.

XIMStatusArea

XIMStatusCallbacks

XIMStatusNothing
XIMStatusNone

The input method requires the client to provide some area values for
it to do its status feedback. SE&lArea and XNAreaNeeded

The input method requires the client to define the set of status call-
backs,XNStatusStartCallback, XNStatusDoneCallback and
XNStatusDrawCallback.

The input method can function without any status values.

The input method does not provide any status feedback. If chosen,
any status value is ignored. This style is mutually exclusive with the
other status styles.

13.15.2. Resource Name and Class

The XNResourceNameand XNResourceClassarguments are strings that specify the full name

and class used by the input method. These values should be used as prefixes for the name and
class when looking up resources that may vary according to the input method. If these values are
not set, the resources will not be fully specified.

It is not intended that values which can be set as XIM values be set as resources.

13.15.3. Destroy Callback

The XNDestroyCallback argument is a structure of typ@MCallback . XNDestroyCallback
is triggered when an input method stops its service for any reason. After the callback is invoked,
the input method is closed by Xlib. Therefore, the client need noX€atiselM .

The generic prototype of this callback function is as follows:
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void DestroyCallbackifn, client_data call_data)
XIM im;
XPointerclient_datg
XPointercall_data;

im Specifies the input method.
client_data  Specifies the additional client data.
call_data Not used for this callback and always passed as NULL.

A DestroyCallback is always called with a NULL call_data argument.

13.15.4. Query IM and IC Values List

XNQuerylMValuesList and XNQuerylCValuesList are used to query about XIM and XIC val-
ues supported by the input method.

The argument value must be a pointer to a location where the returned value will be stored. The
returned value is a pointer to a structure of ty&ValuesList . Clients are responsible for
freeing theXIMValuesList structure. To do so, us€Free.

The XIMValuesList structure is defined as follows:

typedef struct {
unsigned short count_values;
char **supported_values;

} XIMValuesList;

13.15.5. Visible Position

The XNVisiblePosition argument indicates whether the visible position maskd idfFeed-
back in XIMText are available.

The argument value must be a pointer to a location where the returned value will be stored. The
returned value is of typBool. If the returned value i$rue, the input method uses the visible
position masks oKIMFeedback in XIMText ; otherwise, the input method does not use the
masks.

Since this XIM value is optional, a client should cébetiIMValues with argumentXNQuery-
IMValues before using this argument. If té\VisiblePosition does not exist in the IM values
list returned fromXNQuerylMValues , the visible positon masks dfiIMFeedback in XIM-

Text are not used to indicate the visible position.

13.15.6. Preedit Callback Behavior

The XNR6PreeditCallbackBehavior argument indicates whether the behavior of preedit call-
backs regardingXIMPreeditDrawCallbackStruct values follows Release 5 or Release 6 seman-
tics.

The argument value must be a pointer to a location where the returned value will be stored. The
returned value is of typBool. If the returned value irue, the input method uses the Release 6
behavior; otherwise, it uses the Release 5 behavior. The default vidisas In order to use
Release 6 semantics, the valuexdfR6PreeditCallbackBehavior must be set tdrue .
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Since this XIM value is optional, a client should céGetIMValues with argumentXNQuery-
IMValues before using this argument. If tbdNR6PreeditCallbackBehavior does not exist in
the IM values list returned frolKNQuerylMValues, the PreeditCallback behavior is Release 5
semantics.

13.16. Input Context Functions

An input context is an abstraction that is used to contain both the data required (if any) by an
input method and the information required to display that data. There may be multiple input con-
texts for one input method. The programming interfaces for creating, reading, or modifying an
input context use a variable argument list. The name elements of the argument lists are referred
to as XIC values. lItis intended that input methods be controlled by these XIC values. As new
XIC values are created, they should be registered with the X Consortium.

To create an input context, uS€reatelC.

XIC XCreatelC{m, ...)
XIM im;
im Specifies the input method.
Specifies the variable length argument list to set XIC values.

The XCreatelC function creates a context within the specified input method.

Some of the arguments are mandatory at creation time, and the input context will not be created if
those arguments are not provided. The mandatory arguments are the input style and the set of text
callbacks (if the input style selected requires callbacks). All other input context values can be set
later.

XCreatelC returns a NULL value if no input context could be created. A NULL value could be
returned for any of the following reasons:

. A required argument was not set.

. A read-only argument was set (for exampi®&\FilterEvents).

. The argument name is not recognized.

. The input method encountered an input method implementation dependent error.
XCreatelC can generat8adAtom, BadColor, BadPixmap, andBadWindow errors.

To destroy an input context, ud@estroylC.

void XDestroyIC (c)
XIC ic;

ic Specifies the input context.
XDestroyIC destroys the specified input context.

To communicate to and synchronize with input method for any changes in keyboard focus from
the client side, us¥SetlCFocusand XUnsetICFocus.
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void XSetICFocusi€)
XIC ic;

ic Specifies the input context.

The XSetlCFocusfunction allows a client to notify an input method that the focus window
attached to the specified input context has received keyboard focus. The input method should
take action to provide appropriate feedback. Complete feedback specification is a matter of user
interface policy.

Calling XSetlCFocusdoes not affect the focus window value.

void XUnsetlCFocusi¢)
XIC ic;

ic Specifies the input context.

The XUnsetICFocusfunction allows a client to notify an input method that the specified input
context has lost the keyboard focus and that no more input is expected on the focus window
attached to that input context. The input method should take action to provide appropriate feed-
back. Complete feedback specification is a matter of user interface policy.

Calling XUnsetICFocusdoes not affect the focus window value; The client may still receive
events from the input method that are directed to the focus window.

To reset the state of an input context to its initial state XnsleResetIC or XwcResetIC.

char * XmbResetICit)
XIC ic;

wchar_t * XwcResetICi¢)
XIC ic;

ic Specifies the input context.

The XmbResetIC and XwcResetlIC functions reset an input context to its initial state. Any

input pending on that context is deleted. The input method is required to clear the preedit area, if
any, and update the status accordingly. CaliingoResetlC or XwcResetlC does not change

the focus.

The return value oKmbResetIC is its current preedit string as a multibyte string. If there is any
preedit text drawn or visible to the user, then these procedures must return a non-NULL string. If
there is no visible preedit text, then it is input method implementation dependent whether these
procedures return a non-NULL string or NULL.

The client should free the returned string by calltigee.

To get the input method associated with an input contextXIMOfIC .
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XIM XIMOfIC( ic)
XIC ic;

ic Specifies the input context.
The XIMOfIC function returns the input method associated with the specified input context.

Xlib provides two functions for setting and reading XIC values, respectX8gtICValues and
XGetlCValues. Both functions have a variable length argument list. In that argument list, any
XIC value’s name must be denoted with a character string using the X Portable Character Set.

To set XIC values, us¥SetICValues.

char * XSetIlCValuesi¢, ...)
XIC ic;
ic Specifies the input context.
Specifies the variable length argument list to set XIC values.

The XSetICValues function returns NULL if no error occurred; otherwise, it returns the name of
the first argument that could not be set. An argument might not be set for any of the following
reasons:

. The argument is read-only (for exampi\IFilterEvents).
. The argument name is not recognized.
. An implementation-dependent error occurs.

Each value to be set must be an appropriate datum, matching the data type imposed by the seman-
tics of the argument.

XSetlCValues can generat®adAtom, BadColor, BadCursor, BadPixmap, and BadWin-
dow errors.

To obtain XIC values, us¥GetlCValues.

char * XGetICValuesit, ...)
XIC ic;
ic Specifies the input context.
Specifies the variable length argument list to get XIC values.

The XGetlCValues function returns NULL if no error occurred; otherwise, it returns the name of
the first argument that could not be obtained. An argument could not be obtained for any of the
following reasons:

. The argument name is not recognized.
. The input method encountered an implementation dependent error.

Each IC attribute value argument (following a name) must point to a location where the IC value
is to be stored. That is, if the IC value is of type T, the argument must be of type T*. If T itself is
a pointer type, theiXGetlCValues allocates memory to store the actual data, and the client is
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responsible for freeing this data by callik§ree with the returned pointer. The exception to this
rule is for an IC value of typ&VaNestedList (for preedit and status attributes). In this case, the
argument must also be of typ@/aNestedList. Then, the rule of changing type T to T* and free-
ing the allocated data applies to each element of the nested list.

13.17. XIC Value Arguments

The following tables describe how XIC values are interpreted by an input method depending on
the input style chosen by the user.

The first column lists the XIC values. The second column indicates which values are involved in
affecting, negotiating, and setting the geometry of the input method windows. The subentries
under the third column indicate the different input styles that are supported. Each of these
columns indicates how each of the XIC values are treated by that input style.

The following keys apply to these tables.

Keys Explanation
C This value must be set witkCreatelC.
D This value may be set usit¢CreatelC. If itis not set, a default is pro-
vided.
G This value may be read usixgsetICValues.
GN This value may cause geometry negotiation when its value is set by means of
XCreatelC or XSetlCValues.
GR This value will be the response of the input method when any GN value is
changed.
GS This value will cause the geometry of the input method window to be set.
O This value must be set once and only once. It need not be set at create time.
S This value may be set witkSetICValues.
Ignored This value is ignored by the input method for the given input style.
Input Style
XIC Value Geometry Preedit Preedit Preedit Preedit Preedit

Management Callback Position Area Nothing None

Input Style C-G C-G C-G C-G C-G
Client Window 0-G 0O-G O-G O-G Ignored
Focus Window GN D-S-G D-S-G D-S-G D-S-G Ignored
Resource Name Ignored D-S-G D-S-G D-S-G Ignored
Resource Class Ignored D-S-G D-S-G D-S-G Ignored
Geometry Callback Ignored Ignored D-S-G Ignored  Ignored
Filter Events G G G G Ignored
Destroy Callback D-S-G D-S-G D-S-G D-S-G D-S-G
String Conversion Callback S-G S-G S-G S-G S-G
String Conversion D-S-G D-S-G D-S-G D-S-G D-S-G
Reset State D-S-G D-S-G D-S-G D-S-G Ignored
HotKey S-G S-G S-G S-G Ignored
HotKeyState D-S-G D-S-G D-S-G D-S-G Ignored
Preedit

Area GS Ignored D-S-G D-S-G Ignored  Ignored
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Input Style
XIC Value Geometry Preedit Preedit Preedit Preedit Preedit
Management Callback Position Area Nothing None
Area Needed GN-GR Ignored Ignored S-G Ignored  Ignored
Spot Location Ignored D-S-G Ignored Ignored  Ignored
Colormap Ignored D-S-G D-S-G D-S-G Ignored
Foreground Ignored D-S-G D-S-G D-S-G Ignored
Background Ignored D-S-G D-S-G D-S-G Ignored
Background Pixmap Ignored D-S-G D-S-G D-S-G Ignored
Font Set GN Ignored D-S-G D-S-G D-S-G Ignored
Line Spacing GN Ignored D-S-G D-S-G D-S-G Ignored
Cursor Ignored D-S-G D-S-G D-S-G Ignored
Preedit State D-S-G D-S-G D-S-G D-S-G Ignored
Preedit State Callback S-G S-G S-G S-G Ignored
Preedit Callbacks C-S-G Ignored Ignored Ignored Ignored
Input Style
XIC Value Geometry Status Status Status Status
Management Callback  Area Nothing None
Input Style C-G C-G C-G C-G
Client Window 0-G 0-G O-G Ignored
Focus Window GN D-S-G D-S-G D-S-G Ignored
Resource Name Ignored D-S-G D-S-G Ignored
Resource Class Ignored D-S-G D-S-G Ignored
Geometry Callback Ignored D-S-G Ignored  Ignored
Filter Events G G G G
Status
Area GS Ignored D-S-G Ignored  Ignored
Area Needed GN-GR Ignored S-G Ignored  Ignored
Colormap Ignored D-S-G D-S-G Ignored
Foreground Ignored D-S-G D-S-G Ignored
Background Ignored D-S-G D-S-G Ignored
Background Pixmap Ignored D-S-G D-S-G Ignored
Font Set GN Ignored D-S-G D-S-G Ignored
Line Spacing GN Ignored D-S-G D-S-G Ignored
Cursor Ignored D-S-G D-S-G Ignored
Status Callbacks C-S-G Ignored Ignored Ignored

13.17.1. Input Style

The XNInputStyle argument specifies the input style to be used. The value of this argument
must be one of the values returned byX@&etIMValues function with theXNQuerylnput-
Style argument specified in the supported_styles list.

Note that this argument must be set at creation time and cannot be changed.
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13.17.2. Client Window

The XNClientWindow argument specifies to the input method the client window in which the

input method can display data or create subwindows. Geometry values for input method areas are
given with respect to the client window. Dynamic change of client window is not supported.

This argument may be set only once and should be set before any input is done using this input
context. Ifitis not set, the input method may not operate correctly.

If an attempt is made to set this value a second timeX@etICValues, the stringXNClien-
tWindow will be returned byXSetlCValues, and the client window will not be changed.

If the client window is not a valid window ID on the display attached to the input mettat]-a
Window error can be generated when this value is used by the input method.

13.17.3. Focus Window

The XNFocusWindow argument specifies the focus window. The primary purpose of the
XNFocusWindow is to identify the window that will receive the key event when input is com-
posed. In addition, the input method may possibly affect the focus window as follows:

. Select events on it

. Send events to it

. Modify its properties

. Grab the keyboard within that window

The associated value must be of tymdow . If the focus window is not a valid window ID on
the display attached to the input metho@&aal\Window error can be generated when this value is
used by the input method.

When this XIC value is left unspecified, the input method will use the client window as the
default focus window.

13.17.4. Resource Name and Class

The XNResourceNameand XNResourceClassarguments are strings that specify the full name
and class used by the client to obtain resources for the client window. These values should be
used as prefixes for name and class when looking up resources that may vary according to the
input context. If these values are not set, the resources will not be fully specified.

It is not intended that values that can be set as XIC values be set as resources.

13.17.5. Geometry Callback

The XNGeometryCallback argument is a structure of typ@MCallback (see section
13.17.13.10).

The XNGeometryCallback argument specifies the geometry callback that a client can set. This
callback is not required for correct operation of either an input method or a client. It can be set
for a client whose user interface policy permits an input method to request the dynamic change of
that input method’s window. An input method that does dynamic change will need to filter any
events that it uses to initiate the change.

13.17.6. Filter Events

The XNFilterEvents argument returns the event mask that an input method needs to have
selected for. The client is expected to augment its own event mask for the client window with this
one.

320



Xlib — C Library X11, Release 6

This argument is read-only, is set by the input method at create time, and is never changed.
The type of this argument imisigned long Setting this value will cause an error.

13.17.7. Destroy Callback

The XNDestroyCallback argument is a structure of typ@MCallback (see section

13.17.13.10). This callback is triggered when the input method stops its service for any reason;
for example, when a connection to an IM server is broken. After the destroy callback is called,
the input context is destroyed and the input method is closed. Therefore, the client should not call
XDestroylC and XCloselM.

13.17.8. String Conversion Callback

The XNStringConversionCallback argument is a structure of typ@MCallback (see section
13.17.13.10 and 13.18.4).

The XNStringConversionCallback argument specifies a string conversion callback. This call-
back is not required for correct operation of either the input method or the client. It can be set by
a client to support string conversions that may be requested by the input method. An input
method that does string conversions will filter any events that it uses to initiate the conversion.

Since this XIC value is optional, a client should ¢&BetiIMValues with argumentXNQuery-
ICValues before using this argument.

13.17.9. String Conversion
The XNStringConversion argument is a structure of typdMStringConversionText .

The XNStringConversion argument specifies the string to be converted by an input method.
This argument is not required for correct operation of either the input method or the client.

String conversion facilitates the manipulation of text independent of preediting. It is essential for
some input methods and clients to manipulate text by performing context-sensitive conversion, re-
conversion, or transliteration conversion on it.

Since this XIC value is optional, a client should cé&BetIMValues with argumentXNQuery-
ICValues before using this argument.

The XIMStringConversionText structure is defined as follows:

typedef struct _XIMStringConversionText {
unsigned short length;
XIMStringConversionFeedback *feedback;
Bool encoding_is_wchar;

union {
char *mbs;
wchar_t *wcs;
} string;

} XIMStringConversionText;

typedef unsigned long XIMStringConversionFeedback;

The feedback member is reserved for future use. The text to be converted is defined by the string
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and length members. The length is indicated in characters.

13.17.10. Reset State

The XNResetStateargument specifies the state the input context will return to after calling
XmbResetIC or XwcResetIC.

The XIC state may be set to its initial state, as specified bY¥NireeditState value when
XCreatelC was called, or it may be set to preserve the current state.

The valid masks foKIMResetState are as follows:

typedef unsigned long XIMResetState;

#define  XIMInitialState (1L)
#define  XIMPreserveState (1L<<1)

If XIMInitialState is set, therXmbResetlC and XwcResetIC will return to the initial
XNPreeditState state of the XIC.

If XIMPreserveState is set, therXmbResetIC and XwcResetIC will preserve the current state
of the XIC.

If XNResetStateis left unspecified, the default ¥dMinitialState .
XIMResetState values other than those specifiedabwill default to XIMInitialState .

13.17.11. Hot Keys

The XNHotKey argument specifies the hot key list to the XIC. The hot key list is a pointer to the
structure of typeXIMHotKeyTriggers , which specifies the key events that must be received
without any interruption of the input method.

Since this XIC value is optional, a client should ¢&BetiIMValues with argumentXNQuery-
ICValues before using this functionality.

The value of the argument is a pointer to a structure ofXylEHotKeyTriggers .

If an event for a key in the hot key list is found, then the process will receive the event and it will
be processed inside the client.

typedef struct {
KeySym keysym;
unsigned int modifier;
unsigned int modifier_mask;
} XIMHotKeyTrigger;

typedef struct {
int num_hot_key;
XIMHotKeyTrigger key;
} XIMHotKeyTriggers;
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13.17.12. Hot Key State

The XNHotKeyState argument specifies the hot key state of the input method. This is usually
used to switch the input method between hot key operation and normal input processing.

The value of the argument is a pointer to a structure of type XIMHotKeyState.

typedef unsigned long XIMHotKeyState;

#define  XIMHotKeyStateON (Ox0001L)
#define  XIMHotKeyStateOFF (Ox0002L)

13.17.13. Preedit and Status Attributes

The XNPreeditAttributes and XNStatusAttributes arguments specify to an input method the
attributes to be used for the preedit and status areas, if any. Those attributes are pea&sied to
ICValues or XGetlCValues as a nested variable length list. The names to be used in these lists
are described in the following sections.

13.17.13.1. Area

The value of thexNArea argument must be a pointer to a structure of iRectangle. The
interpretation of theXNArea argument is dependent on the input method style that has been set.

If the input method style iXIMPreeditPosition, XNArea specifies the clipping region within

which preediting will take place. If the focus window has been set, the coordinates are assumed
to be relative to the focus window. Otherwise, the coordinates are assumed to be relative to the
client window. If neither has been set, the results are undefined.

If XNArea is not specified, is set to NULL, or is invalid, the input method will default the clip-
ping region to the geometry of tdNFocusWindow. If the area specified is NULL or invalid,
the results are undefined.

If the input style isXIMPreeditArea or XIMStatusArea, XNArea specifies the geometry pro-

vided by the client to the input method. The input method may use this area to display its data,
either preedit or status depending on the area designated. The input method may create a window
as a child of the client window with dimensions that fit Xi¢Area. The coordinates are relative

to the client window. If the client window has not been set yet, the input method should save

these values and apply them when the client window is setNArea is not specified, is set to

NULL, or is invalid, the results are undefined.

13.17.13.2. Area Needed

When set, theXNAreaNeededargument specifies the geometry suggested by the client for this

area (preedit or status). The value associated with the argument must be a pointer to a structure of
type XRectangle. Note that the X, y values are not used and that nonzero values for width or

height are the constraints that the client wishes the input method to respect.

When read, th&XNAreaNeededargument specifies the preferred geometry desired by the input
method for the area.

This argument is only valid if the input styleX$MPreeditArea or XIMStatusArea. Itis used
for geometry negotiation between the client and the input method and has no other effect upon the
input method (see section 13.11.5).
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13.17.13.3. Spot Location

The XNSpotLocation argument specifies to the input method the coordinates of the spot to be
used by an input method executing wikhlInputStyle set toXIMPreeditPosition. When spec-
ified to any input method other thaéiMPreeditPosition , this XIC value is ignored.

The x coordinate specifies the position where the next character would be inserted. The y coordi-
nate is the position of the baseline used by the current text line in the focus window. The x and y
coordinates are relative to the focus window, if it has been set; otherwise, they are relative to the
client window. If neither the focus window nor the client window has been set, the results are
undefined.

The value of the argument is a pointer to a structure of Xyguent.

13.17.13.4. Colormap

Two different arguments can be used to indicate what colormap the input method should use to
allocate colors, a colormap ID, or a standard colormap name.

The XNColormap argument is used to specify a colormap ID. The argument value is of type
Colormap. An invalid argument may generatdadColor error when it is used by the input
method.

The XNStdColormap argument is used to indicate the name of the standard colormap in which
the input method should allocate colors. The argument valueAsoam that should be a valid

atom for callingXGetRGBColormaps. An invalid argument may generatd8adAtom error

when it is used by the input method.

If the colormap is left unspecified, the client window colormap becomes the default.

13.17.13.5. Foreground and Background

The XNForeground and XNBackground arguments specify the foreground and background
pixel, respectively. The argument value is of tymsigned long It must be a valid pixel in the
input method colormap.

If these values are left unspecified, the default is determined by the input method.

13.17.13.6. Background Pixmap

The XNBackgroundPixmap argument specifies a background pixmap to be used as the back-
ground of the window. The value must be of tyfiemap. An invalid argument may generate a
BadPixmap error when it is used by the input method.

If this value is left unspecified, the default is determined by the input method.

13.17.13.7. Font Set

The XNFontSet argument specifies to the input method what font set is to be used. The argu-
ment value is of typ&XFontSet.

If this value is left unspecified, the default is determined by the input method.

13.17.13.8. Line Spacing

The XNLineSpace argument specifies to the input method what line spacing is to be used in the
preedit window if more than one line is to be used. This argument is ofrtype

If this value is left unspecified, the default is determined by the input method.
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13.17.13.9. Cursor

The XNCursor argument specifies to the input method what cursor is to be used in the specified
window. This argument is of typ@ursor.

An invalid argument may generatdBadCursor error when it is used by the input method. If
this value is left unspecified, the default is determined by the input method.

13.17.13.10. Preedit State

The XNPreeditState argument specifies the state of input preediting for the input method. Input
preediting can be on or off.

The valid masks names fXNPreeditState are as follows:

typedef unsigned long XIMPreeditState;

#define  XIMPreeditUnknown oL
#define  XIMPreeditEnable 1L
#define  XIMPreeditDisable (1L<<1)

If a value of XIMPreeditEnable is set, then input preediting is turned on by the input method.
If a value of XIMPreeditDisable is set, then input preediting is turned off by the input method.
If XNPreeditState is left unspecified, then the state will be implementation dependent.

The XNPreeditState value specified at the creation time will be reflected as the initial state for
XmbResetIC and XwcResetIC.

13.17.13.11. Preedit and Status Callbacks

A client that wants to support the input stdéMPreeditCallbacks must provide a set of preedit
callbacks to the input method. The set of preedit callbacks are as follows:

XNPreeditStartCallback This is called when the input method starts preedit.

XNPreeditDoneCallback This is called when the input method stops preedit.

XNPreeditDrawCallback This is called when a number of preedit keystrokes should be
echoed.

XNPreeditCaretCallback This is called to mavethe text insertion point within the preedit
string.

A client that wants to support the input stV StatusCallbacks must provide a set of status
callbacks to the input method. The set of status callbacks are as follows:

XNStatusStartCallback This is called when the input method initializes the status area.

XNStatusDoneCallback This is called when the input method no longer needs the status
area.

XNStatusDrawCallback This is called when updating of the status area is required.

The value of any status or preedit argument is a pointer to a structure ofiby@allback .
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typedef void (*XIMProc)();

typedef struct {
XPointer client_data;
XIMProc callback;

} XIMCallback;

Each callback has some particular semantics and will carry the data that expresses the environ-
ment necessary to the client into a specific data structure. This paragraph only describes the argu-
ments to be used to set the callback.

Setting any of these values while doing preedit may cause unexpected results.

13.18. XIM Callback Semantics

XIM callbacks are procedures defined by clients or text drawing packages that are to be called
from the input method when selected events occur. Most clients will use a text editing package or
a toolkit and, hence, will not need to define such callbacks. This section defines the callback
semantics, when they are triggered, and what their arguments are. This information is mostly
useful for X toolkit implementors.

Callbacks are mostly provided so that clients (or text editing packages) can implement on-the-
spot preediting in their own window. In that case, the input method needs to communicate and
synchronize with the client. The input method needs to communicate changes in the preedit win-
dow when it is under control of the client. Those callbacks allow the client to initialize the

preedit area, display a new preedit stringyethe text insertion point during preedit, terminate
preedit, or update the status area.

All callback procedures follow the generic prototype:

void CallbackPrototypé¢, client_data call_data)
XIC ic;
XPointerclient_datg
SomeTypeall_data

ic Specifies the input context.
client_data  Specifies the additional client data.
call_data Specifies data specific to the callback.

The call_data argument is a structure that expresses the arguments needed to achieve the seman-
tics; that is, it is a specific data structure appropriate to the callback. In cases where no data is
needed in the callback, this call_data argument is NULL. The client_data argument is a closure
that has been initially specified by the client when specifying the callback and passed back. It

may serve, for example, to inherit application context in the callback.

The following paragraphs describe the programming semantics and specific data structure associ-
ated with the different reasons.

13.18.1. Geometry Callback

The geometry callback is triggered by the input method to indicate that it wants the client to
negotiate geometry. The generic prototype is as follows:
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void GeometryCallback¢, client_datg call_data)
XIC ic;
XPointerclient_datg
XPointercall_data;

ic Specifies the input context.
client_data  Specifies the additional client data.
call_data Not used for this callback and always passed as NULL.

A GeometryCallback is called with a NULL call_data argument.

13.18.2. Preedit State Notify Callback

The preedit state notify callback is triggered by the input method when the preediting state has
changed. The generic prototype is as follows:

void PreeditStateNotifyCallbaclq client_datg call_data)
XIC ic;
XPointerclient_datg
XIMPreeditStateCallbackStructall data;

ic Specifies the input context.
client_data  Specifies the additional client data.
call_data Specifies the current preedit state.

The XIMPreeditStateNotifyCallbackStruct structure is defined as follows:

typedef struct _XIMPreeditStateNotifyCallbackStruct {
XIMPreeditState state;
} XIMPreeditStateNotifyCallbackStruct;

13.18.3. Destroy Callback

The destroy callback is triggered by the input method when it stops service for any reason. After
the callback is invoked, the input context will be freed by Xlib. The generic prototype is as fol-
lows:

void DestroyCallbacki€, client_data call_data)
XIC ic;
XPointerclient_datg
XPointercall_data;

ic Specifies the input context.
client_data  Specifies the additional client data.
call_data Not used for this callback and always passed as NULL.

The callback is called with a NULL call_data argument.
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13.18.4. String Conversion Callback

The string conversion callback is triggered by the input method to request the client to return the
string to be converted. The returned string may be either a multibyte or wide character string,
with an encoding matching the locale bound to the input context. The callback prototype is as
follows:

void StringConversionCallbaclq client_data call_data)
XIC ic;
XPointerclient_datg
XIMStringConversionCallbackStructall_data;

ic Specifies the input method.
client_data  Specifies the additional client data.
call_data Specifies the amount of the string to be converted.

The callback is passeddMStringConversionCallbackStruct structure in the call_data argu-

ment. The text member isX@dMStringConversionText structure (see section 13.17.9) to be

filled in by the client and describes the text to be sent to the input method. The data pointed to by
the string and feedback elements of ¥iMStringConversionText structure will be freed using

XFree by the input method after the callback returns. So the client should not point to internal
buffers that are critical to the client.

The XNStringConversionCallbackStruct structure is defined as follows:

typedef struct _XIMStringConversionCallbackStruct {
XIMStringConversionPaosition position;
XIMCaretDirection direction;
short factor;
XIMStringConversionOperation operation;
XIMStringConversionText *text;

} XIMStringConversionCallbackStruct;

typedef short XIMStringConversionPaosition;

typedef unsigned short XIMStringConversionOperation;

#define  XIMStringConversionSubstitution (0x0001)
#define  XIMStringConversionRetrieval (0x0002)

XIMStringConversionPosition specifies the starting position of the string to be returned in the
XIMStringConversionText structure. The value identifies a position, in units of characters, rel-
ative to the client’s cursor position in the client’s buffer.

The ending position of the text buffer is determined by the direction and factor members. Specifi-
cally, it is the character position relative to the starting point as defined by the

XIMCaretDirection . The factor member okIMStringConversionCallbackStruct specifies

the number oXIMCaretDirection positions to be applied. For example, if the direction
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specifiesXIMLineStart and factor is 1, then all characters from the starting position to the end
of the current display line are returned. If the direction speciibAbsolutePosition, then the
factor specifies a relative position, indicated in characters, from the starting position.

XIMStringConversionOperation specifies whether the string to be converted should be deleted
(substitution) or copied (retrieval) from the client’s buffer. WhenXhdStringConversionOp-

eration is XIMStringConversionSubstitution , the client must delete the string to be converted
from its own buffer. When th&IMStringConversionOperation is

XIMStringConversionRetrieval , the client must not delete the string to be converted from its
buffer. The substitute operation is typically used for re-conversion and transliteration conversion,
while the retrieval operation is typically used for context-sensitive conversion.

13.18.5. Preedit State Callbacks

When the input method turns preediting on or off, a PreeditStartCallback or PreeditDoneCallback
callback is triggered to let the toolkit do the setup or the cleanup for the preedit region.

int PreeditStartCallbackg, client_data call_data)
XIC ic;
XPointerclient_datg
XPointercall_data;

ic Specifies the input context.
client_data  Specifies the additional client data.
call_data Not used for this callback and always passed as NULL.

When preedit starts on the specified input context, the callback is called with a NULL call_data
argument. PreeditStartCallback will return the maximum size of the preedit string. A positive
number indicates the maximum number of bytes allowed in the preedit string, and a value of -1
indicates there is no limit.

void PreeditDoneCallbackq, client_data call_data)
XIC ic;
XPointerclient_datg
XPointercall_data;

ic Specifies the input context.
client data  Specifies the additional client data.
call_data Not used for this callback and always passed as NULL.

When preedit stops on the specified input context, the callback is called with a NULL call_data
argument. The client can release the data allocated by PreeditStartCallback.

PreeditStartCallback should initialize appropriate data needed for displaying preedit information
and for handling further PreeditDrawCallback calls. Once PreeditStartCallback is called, it will
not be called again before PreeditDoneCallback has been called.

13.18.6. Preedit Draw Callback

This callback is triggered to draw and insert, delete or replace, preedit text in the preedit region.
The preedit text may include unconverted input text such as Japanese Kana, converted text such
as Japanese Kaniji characters, or characters of both kinds. That string is either a multibyte or wide
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character string, whose encoding matches the locale bound to the input context. The callback
prototype is as follows:

void PreeditDrawCallbackg, client_data call_data)
XIC ic;
XPointerclient_datag
XIMPreeditDrawCallbackStructcall_data;

ic Specifies the input context.
client_ data  Specifies the additional client data.
call_data Specifies the preedit drawing information.

The callback is passeddMPreeditDrawCallbackStruct structure in the call_data argument.
The text member of this structure contains the text to be drawn. After the string has been drawn,
the caret should be moved to the specified location.

The XIMPreeditDrawCallbackStruct structure is defined as follows:

typedef struct _XIMPreeditDrawCallbackStruct {

int caret; /* Cursor offset within preedit string */
int chg_first; [* Starting change position */
int chg_length; /* Length of the change in character count */

XIMText *text;
} XIMPreeditDrawCallbackStruct;

The client must keep updating a buffer of the preedit text and the callback arguments referring to
indexes in that buffer. The call_data fields have specific meanings according to the operation, as
follows:

. To indicate text deletion, the call_data specifies a NULL text field. The text to be deleted is
then the current text in the buffer from position chg_first (starting at zero) on a character
length of chg_length.

. When text is non-NULL, it indicates insertion or replacement of text in the buffer.

A positive chg_length indicates that the characters starting from chg_first to
ch_first+chg_length-1 must be deleted and must be replaced by text, whose length is speci-
fied in theXIMText structure.

A chg_length value of zero indicates that text must be inserted right at the position speci-
fied by chg_first. A value of zero for chg_first specifies the first character in the buffer.

. The caret member is an index in the preedit text buffer that specifies the character after
which the cursor should ane after text has been drawn or deleted.
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typedef struct _XIMText {
unsigned short length;
XIMFeedback * feedback;
Bool encoding_is_wechar;
union {
char * multi_byte;
wchar_t * wide_char;
} string;
} XIMText;

The text string passed is actually a structure specifying as follows:
. The length member is the text length in characters.

. The encoding_is_wchar member is a value that indicates if the text string is encoded in
wide character or multibyte format. This value should be set by the client when it sets the
callback.

. The string member is the text string.
. The feedback member indicates rendering type.

The feedback member expresses the types of rendering feedback the callback should apply when
drawing text. Rendering of the text to be drawn is specified either in generic ways (for example,
primary, secondary) or in specific ways (reverse, underline). When generic indications are given,
the client is free to choose the rendering style. It is necessary, however, that primary and sec-
ondary are mapped to two distinct rendering styles.

If an input method wants to control display of the preedit string, an input method can indicate the
visibility hints using feedbacks in specific way. THEVVisibleToForward ,

XIMVisibleToBackward , and XIMVisibleCenter masks are exclusively used for these visibil-

ity hints. TheXIMVisibleToForward mask indicates that the preedit text is preferably displayed
from the text insertion point in the preedit area forward. XhédVisibleToBackward mask

indicates that the preedit text is preferably displayed from the text insertion point in the preedit
area backward. Th¥IMVisibleCenter mask indicates that the preedit text is preferably dis-
played with the text insertion point in the preedit area centered.

The insertion point of the preedit string could exist outside of the visible area when visibility hints
are used. Only one of the masks is valid for the entire preedit string, and only one character can
hold one of these feedbacks for a given input context at one time. Only the most recently set
feedback is valid, and any previous feedback is automatically canceled. This is a hint to the
client, and the client is free to choose how to display the preedit string.

The feedback member also specifies how rendering of the text argument should be performed. If
the feedback is NULL, then rendering is assumed to be the same as rendering of other characters
in the text entry. Otherwise, it specifies an array defining the rendering for each character of the
string, and the length of the array is thus length.

If an input method wants to indicate that it is only updating the feedback of the preedit text with-
out changing the content of it, tldMText structure will contain a NULL value for the string

field, the number of characters affected will be in the length field, and the feedback field will
point to an array oKIMFeedback.

Each element in the feedback array is a bitmask represented by a valueXiMfeedback.
The valid masks names are as follows:
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typedef unsigned long XIMFeedback;

#define  XIMReverse 1L
#define  XIMUnderline (1L<<1)
#define  XIMHighlight (1L<<2)
#define  XIMPrimary (1L<<5)
#define  XIMSecondary (1L<<6)
#define  XIMTertiary (1L<<7)
#define  XIMVisibleToForward (1L<<8)
#define  XIMVisibleToBackward (1L<<9)
#define  XIMVisibleCenter (1L<<10)

13.18.7. Preedit Caret Callback

An input method may have its own navigation keys to allow the useovetime text insertion
point in the preedit area (for example, towabackward or forward). Consequently, input
method needs to indicate to the client that it shouddathe text insertion point. It then calls the
PreeditCaretCallback.

void PreeditCaretCallbaciq| client_data call _data)
XIC ic;
XPointerclient_datg
XIMPreeditCaretCallbackStructall_data;

ic Specifies the input context.
client_data  Specifies the additional client data.
call_data Specifies the preedit caret information.

The input method will trigger PreeditCaretCallback wvethe text insertion point during
preedit. The call_data argument contains a pointer dl&iPreeditCaretCallbackStruct
structure, which indicates where the caret should be moved. The callback onasheninser-
tion point to its new location and return, in field position, the new offset value from the initial
position.

The XIMPreeditCaretCallbackStruct structure is defined as follows:

typedef struct _XIMPreeditCaretCallbackStruct {

int position; [* Caret offset within preedit string */
XIMCaretDirection direction; /* Caret moves direction */
XIMCaretStyle style; I* Feedback of the caret */

} XIMPreeditCaretCallbackStruct;

The XIMCaretStyle structure is defined as follows:
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typedef enum {

XIMIslnvisible, /* Disable caret feedback */
XIMIsPrimary, /* Ul defined caret feedback */
XIMIsSecondary, /* Ul defined caret feedback */

} XIMCaretStyle;

The XIMCaretDirection structure is defined as follows:

typedef enum {
XIMForwardChar, XIMBackwardChar,
XIMForwardWord, XIMBackwardWord,
XIMCaretUp, XIMCaretDown,
XIMNextLine, XIMPreviousLine,
XIMLineStart, XIMLineEnd,
XIMAbsolutePosition,
XIMDontChange,

} XIMCaretDirection;

These values are defined as follows:

XIMForwardChar Move the caret forward one character position.

XIMBackwardChar Move the caret backward one character position.

XIMForwardWord Movethe caret forward one word position.

XIMBackwardWord Move the caret backward one word position.

XIMCaretUp Move the caret up one line keeping the current offset.

XIMCaretDown Move the caret down one line keeping the current offset.

XIMPreviousLine Move the caret up one line.

XIMNextLine Move the caret down one line.

XIMLineStart Movethe caret to the beginning of the current display line that con-
tains the caret.

XIMLineEnd Move the caret to the end of the current display line that contains the
caret.

XIMAbsolutePosition The callback must ove tothe location specified by the position field
of the callback data, indicated in characters, starting from the begin-
ning of the preedit text. Hence, a value of zero meamseivack to
the beginning of the preedit text.

XIMDontChange The caret position does not change.

13.18.8. Status Callbacks

An input method may communicate changes in the status of an input context (for example, cre-
ated, destroyed, or focus changes) with three status callbacks: StatusStartCallback, Status-
DonecCallback, and StatusDrawCallback.

When the input context is created or gains focus, the input method calls the StatusStartCallback
callback.
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void StatusStartCallbaclq| client_data call_data)
XIC ic;
XPointerclient_datg
XPointercall_data;

ic Specifies the input context.
client_data  Specifies the additional client data.
call_data Not used for this callback and always passed as NULL.

The callback should initialize appropriate data for displaying status and be prepared to further
StatusDrawCallback calls. Once StatusStartCallback is called, it will not be called again before
StatusDoneCallback has been called.

When an input context is destroyed or when it loses focus, the input method calls Status-
DonecCallback.

void StatusDoneCallbaclq, client_data call_data)
XIC ic;
XPointerclient_datg
XPointercall _data;

ic Specifies the input context.
client_data  Specifies the additional client data.
call_data Not used for this callback and always passed as NULL.

The callback may release any data allocate&tatusStart.
When an input context status has to be updated, the input method calls StatusDrawCallback.

void StatusDrawCallbackd, client_datg call_data)
XIC ic;
XPointerclient_datg
XIMStatusDrawCallbackStructcall_data;

ic Specifies the input context.
client_data  Specifies the additional client data.
call_data Specifies the status drawing information.

The callback should update the status area by either drawing a string or imaging a bitmap in the
status area.

The XIMStatusDataType and XIMStatusDrawCallbackStruct structures are defined as fol-
lows:
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typedef enum {
XIMTextType,
XIMBitmapType,
} XIMStatusDataType;

typedef struct _XIMStatusDrawCallbackStruct {
XIMStatusDataType type;
union {
XIMText *text;
Pixmap bitmap;
} data;
} XIMStatusDrawCallbackStruct;

13.19. Event Filtering

Xlib provides the ability for an input method to register a filter internal to Xlib. This filter is

called by a client (or toolkit) by callingFilterEvent after callingXNextEvent. Any client that

uses theXIM interface should calKFilterEvent to allow input methods to process their events
without knowledge of the client’s dispatching mechanism. A client’s user interface policy may
determine the priority of event filters with respect to other event handling mechanisms (for exam-
ple, modal grabs).

Clients may not know how many filters there are, if any, and what they do. They may only know
if an event has been filtered on returnX#ilterEvent . Clients should discard filtered events.

To filter an event, us¥FilterEvent .

Bool XFilterEventevent w)
XEvent *event
Window w;
event Specifies the event to filter.
w Specifies the window for which the filter is to be applied.

If the window argument idNone, XFilterEvent applies the filter to the window specified in the
XEvent structure. The window argument is provided so that layevseaXlib that do event redi-
rection can indicate to which window an event has been redirected.

If XFilterEvent returnsTrue, then some input method has filtered the event, and the client
should discard the event. XFilterEvent returnsFalse, then the client should continue process-
ing the event.

If a grab has occurred in the client akBilterEvent returnsTrue, the client should ungrab the
keyboard.

13.20. Getting Keyboard Input
To get composed input from an input method, XiséLookupString or XwcLookupString .
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int XmbLookupStringic, event buffer_return bytes_bufferkeysym_returpstatus_returi
XIC ic;
XKeyPressedEventevent
char *buffer_return
int bytes_buffer
KeySym *keysym_return
Status status_return

int XwcLookupString{c, event buffer_return bytes_bufferkeysym_returnstatus_return
XIC ic;
XKeyPressedEventevent
wchar_t buffer_return
int wchars_buffer
KeySym *keysym_return
Status status_return

ic Specifies the input context.

event Specifies the key event to be used.

buffer_return Returns a multibyte string or wide character string (if any) from the input
method.

bytes_buffer

wchars_buffer Specifies space available in the return buffer.

keysym_returnReturns the KeySym computed from the event if this argument is not NULL.
status_return Returns a value indicating what kind of data is returned.

The XmbLookupString and XwcLookupString functions return the string from the input
method specified in the buffer_return argument. If no string is returned, the buffer_return argu-
ment is unchanged.

The KeySym into which the KeyCode from the event was mapped is returned in the
keysym_return argument if it is non-NULL and the status_return argument indicates that a
KeySym was returned. If both a string and a KeySym are returned, the KeySym value does not
necessarily correspond to the string returned.

XmbLookupString returns the length of the string in bytes, atwicLookupString returns the
length of the string in characters. BofimbLookupString and XwcLookupString return text
in the encoding of the locale bound to the input method of the specified input context.

Each string returned b¥mbLookupString and XwcLookupString begins in the initial state of
the encoding of the locale (if the encoding of the locale is state-dependent).

Note

To insure proper input processing, it is essential that the client paskeyityess
events taXmbLookupString and XwcLookupString. Their behavior when a
client passes KeyReleaseevent is undefined.

Clients should check the status_return argument before using the other returned values. These

two functions both return a value to status_return that indicates what has been returned in the
other arguments. The possible values returned are:
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XBufferOverflow The input string to be returned is too large for the supplied
buffer_return. The required siz&ihbLookupString in bytes;
XwcLookupString in characters) is returned as the value of the func-
tion, and the contents of buffer_return and keysym_return are not
modified. The client should recall the function with the same event
and a buffer of adequate size to obtain the string.

XLookupNone No consistent input has been composed so far. The contents of
buffer_return and keysym_return are not modified, and the function
returns zero.

XLookupChars Some input characters have been composed. They are placed in the
buffer_return argument, and the string length is returned as the value
of the function. The string is encoded in the locale bound to the input
context. The content of the keysym_return argument is nhot modified.

XLookupKeySym A KeySym has been returned instead of a string and is returned in
keysym_return. The content of the buffer_return argument is not
modified, and the function returns zero.

XLookupBoth Both a KeySym and a string are returngtipokupChars and
XLookupKeySym occur simultaneously.

It does not make any difference if the input context passed as an argurkemltookupString

and XwcLookupString is the one currently in possession of the focus or not. Input may have
been composed within an input context before it lost the focus, and that input may be returned on
subsequent calls t8mbLookupString or XwcLookupString even though it does not have any
more keyboard focus.

13.21. Input Method Conventions

The input method architecture is transparent to the client. However, clients should respect a num-
ber of conventions in order to work properly. Clients must also be aware of possible effects of
synchronization between input method and library in the case of a remote input server.

13.21.1. Client Conventions

A well-behaved client (or toolkit) should first query the input method style. If the client cannot
satisfy the requirements of the supported styles (in terms of geometry management or callbacks),
it should negotiate with the user continuation of the program or raise an exception or error of
some sort.

13.21.2. Synchronization Conventions

A KeyPressevent with a KeyCode of zero is used exclusively as a signal that an input method
has composed input that can be returneXimpLookupString or XwcLookupString. No
other use is made ofkeyPressevent with KeyCode of zero.

Such an event may be generated by either a front-end or a back-end input method in an imple-
mentation dependent manner. Some possible ways to generate this event include:

. A synthetic event sent by an input method server
. An artificial event created by a input method filter and pushed onto a client’s event queue
. A KeyPressevent whose KeyCode value is modified by an input method filter

When callback support is specified by client, input methods will not take action unless they
explicitly called back the client and obtained no response (the callback is not specified or returned
invalid data).
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13.22. String Constants

The following symbols for string constants are defineddaXXlib.h>. Although they are

shown here with particular macro definitions, they may be implemented as macros, as global
symbols, or as a mixture of the two. The string pointer value itself is not significant; clients must
not assume that inequality of two values implies inequality of the actual string data.

#define  XNVaNestedList "XNVaNestedList"
#define  XNQuerylnputStyle "querylnputStyle"
#define  XNClientWindow "clientWindow"
#define  XNInputStyle "inputStyle”

#define  XNFocusWindow "focusWindow"
#define  XNResourceName "resourceName"
#define  XNResourceClass "resourceClass"
#define  XNGeometryCallback "geometryCallback"
#define  XNDestroyCallback "destroyCallback"
#define  XNFilterEvents "filterEvents"

#define  XNPreeditStartCallback "preeditStartCallback"
#define  XNPreeditDoneCallback "preeditDoneCallback"
#define  XNPreeditDrawCallback "preeditDrawCallback"
#define  XNPreeditCaretCallback "preeditCaretCallback"
#define  XNPreeditStateNotifyCallback "preeditStateNotifyCallback"
#define  XNPreeditAttributes "preeditAttributes™
#define  XNStatusStartCallback "statusStartCallback"
#define  XNStatusDoneCallback "statusDoneCallback"
#define  XNStatusDrawCallback "statusDrawCallback"
#define  XNStatusAttributes "statusAttributes"
#define  XNArea "area"

#define  XNAreaNeeded "areaNeeded"

#define  XNSpotLocation "spotLocation”
#define  XNColormap "colorMap"

#define  XNStdColormap "stdColorMap"
#define  XNForeground "foreground”

#define  XNBackground "background"

#define  XNBackgroundPixmap "backgroundPixmap"
#define  XNFontSet "fontSet"

#define  XNLineSpace "lineSpace”

#define  XNCursor "cursor"

#define  XNStatusStartCallback "statusStartCallback"
#define  XNStatusDoneCallback "statusDoneCallback"
#define  XNStatusDrawCallback "statusDrawCallback"
#define  XNStatusAttributes "statusAttributes"
#define  XNArea "area"

#define  XNAreaNeeded "areaNeeded"

#define  XNSpotLocation "spotLocation”
#define ~ XNColormap "colorMap"

#define  XNStdColormap "stdColorMap"
#define  XNForeground "foreground”

#define  XNBackground "background"
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#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

XNBackgroundPixmap
XNFontSet
XNLineSpace
XNCursor

XNQuerylMValuesList
XNQuerylCValuesList
XNStringConversionCallback
XNStringConversion
XNResetState

XNHotKey

XNHotKeyState
XNPreeditState

XNRequiredCharSet
XNQueryOrientation
XNDirectionalDependentDrawing
XNContextualDrawing
XNBaseFontName
XNMissingCharSet
XNDefaultString

XNOrientation
XNDirectionalDependentDrawing
XNContextualDrawing
XNFontinfo
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"backgroundPixmap"
"fontSet"

"lineSpace”

"cursor"

"querylMValuesList"
"querylCValuesList"
"stringConversionCallback"
"stringConversion"
"resetState"

"hotkey"

"hotkeyState"
"preeditState”

"requiredCharSet"
"queryOrientation”
"directionalDependentDrawing"”
"contextualDrawing"
"baseFontName"
"missingCharSet"
"defaultString”

"orientation”
"directionalDependentDrawing"”
"contextualDrawing"

"fontinfo"
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Chapter 14

Inter-Client Communication Functions

Thelnter-Client Communication Conventions Manusreafter referred to as the ICCCM,

details the X Consortium approved conventions that govern inter-client communications. These
conventions ensure peer-to-peer client cooperation in the use of selections, cut buffers, and shared
resources as well as client cooperation with window and session managers. For further informa-
tion, see thénter-Client Communication Conventions Manual

Xlib provides a number of standard properties and programming interfaces that are ICCCM com-
pliant. The predefined atoms for some of these properties are defined XilthiXatom.h>

header file, where to avoid name conflicts with user symbols#Hefine name has an XA_ pre-

fix. For further information about atoms and properties, see section 4.3.

Xlib’s selection and cut buffer mechanisms provide the primary programming interfaces by which

peer client applications communicate with each other (see sections 4.5 and 16.6). The functions

discussed in this chapter provide the primary programming interfaces by which client applications
communicate with their window and session managers as well as share standard colormaps.

The standard properties that are of special interest for communicating with window and session
managers are:

Name Type Format Description

WM_CLASS STRING 8 Set by application programs to allow
window and session managers to
obtain the application’s resources
from the resource database.

WM_CLIENT_MACHINE TEXT The string name of the machine on
which the client application is run-
ning.

WM_COLORMAP_WINDOWS  WINDOW 32 The list of window IDs that may

need a different colormap than that
of their top-level window.

WM_COMMAND TEXT The command and arguments, null-
separated, used to invoke the appli-
cation.

WM_HINTS WM_HINTS 32 Additional hints set by the client for

use by the window manager. The C
type of this property iXWMHints .

WM_ICON_NAME TEXT The name to be used in an icon.
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Name Type

Format

Description

WM_ICON_SIZE

WM_NAME
WM_NORMAL_HINTS

WM_PROTOCOLS

WM_STATE

WM_TRANSIENT_FOR

TEXT

ATOM

WM_STATE

WINDOW

WM_ICON_SIZE

WM_SIZE_HINTS

32

32

32

32

32

The window manager may set this
property on the root window to
specify the icon sizes it supports.
The C type of this property is
XlconSize.

The name of the application.

Size hints for a window in its nor-
mal state. The C type of this prop-
erty is XSizeHints.

List of atoms that identify the com-
munications protocols between the
client and window manager in
which the client is willing to partici-
pate.

Intended for communication
between window and session man-
agers only.

Set by application programs to indi-
cate to the window manager that a
transient top-level window, such as a
dialog box.

The remainder of this chapter discusses:

14.1. Client to Window Manager Communication

Client-to-window-manager communication
Client-to-session-manager communication

Standard colormaps

This section discusses how to:

Manipulate top-level windows

Convert string lists

Set and read text properties

Set and read the WM_NAME property

Set and read the WM_ICON_NAME property

Set and read the WM_HINTS property

Set and read the WM_NORMAL_HINTS property

Set and read the WM_CLASS property

Set and read the WM_TRANSIENT_FOR property

Set and read the WM RDTOCOLS property

Set and read the WM_COLORMAP_WINDOWS property
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. Set and read the WM_ICON_SIZE property
. Use window manager convenience functions

14.1.1. Manipulating Top-Level Windows

Xlib provides functions that you can use to change the visibility or size of top-level windows (that
is, those that were created as children of the root window). Note that the subwindows that you
create are ignored by window managers. Therefore, you should use the basic window functions
described in chapter 3 to manipulate your application’s subwindows.

To request that a top-level window be iconified, ¥$eonifyWindow .

Status XlconifyWindowdisplay, w, screen_numb@r
Display *display;
Window w;
int screen_number

display Specifies the connection to the X server.
w Specifies the window.

screen_number
Specifies the appropriate screen number on the host server.

The XlconifyWindow function sends a WM_CHANGE_ STATElientMessageevent with a

format of 32 and a first data elementiodnicState (as described in section 4.1.4 of theer-

Client Communication Conventions Manuahd a window of w to the root window of the speci-

fied screen with an event mask seStabstructureNotifyMask | SubstructureRedirectMask.

Window managers may elect to receive this message and if the window is in its normal state, may
treat it as a request to change the window’s state from normal to iconic. If the
WM_CHANGE_STATE property cannot be interneticonifyWindow does not send a message

and returns a zero status. It returns a nonzero status if the client message is sent successfully; oth-
erwise, it returns a zero status.

To request that a top-level window be withdrawn, X$&ithdrawWindow .

Status XWithdrawWindowdisplay, w, screen_numbér
Display *display,
Windoww;
int screen_number

display Specifies the connection to the X server.
w Specifies the window.

screen_number
Specifies the appropriate screen nhumber on the host server.

The XWithdrawWindow function unmaps the specified window and sends a synttatitap-

Notify event to the root window of the specified screen. Window managers may elect to receive
this message and may treat it as a request to change the window’s state to withdrawn. When a
window is in the withdrawn state, neither its normal nor its iconic representations is visible. It
returns a nonzero status if thenmapNotify event is successfully sent; otherwise, it returns a

zero status.
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XWithdrawWindow can generate BadWindow error.
To request that a top-level window be reconfigured,XReconfigureWMWindow .

Status XReconfigureWMWindowd(splay, w, screen_numberalue_maskvalueg
Display *display;,
Windoww;
int screen_number
unsigned invalue_mask

XWindowChanges values
display Specifies the connection to the X server.
w Specifies the window.

screen_number
Specifies the appropriate screen number on the host server.

value_mask Specifies which values are to be set using information in the values structure.
This mask is the bitwise inclusive OR of the valid configure window values bits.

values Specifies thexXWindowChangesstructure.

The XReconfigureWMWindow function issues &onfigureWindow request on the specified
top-level window. If the stacking mode is changed and the request fails ®alMatch error,

the error is trapped by Xlib and a synthafionfigureRequestEventcontaining the same config-
uration parameters is sent to the root of the specified window. Window managers may elect to
receive this event and treat it as a request to reconfigure the indicated window. It returns a
nonzero status if the request or event is successfully sent; otherwise, it returns a zero status.

XReconfigureWMWindow can generatBadValue and BadWindow errors.

14.1.2. Converting String Lists

Many of the text properties allow a variety of types and formats. Because the data stored in these
properties are not simple null-terminated stringX;TaxtProperty structure is used to describe

the encoding, type, and length of the text as well as its value XTdéa¢Property structure con-

tains:

typedef struct {

unsigned char *value; [* property data */

Atom encoding; [* type of property */

int format; /*8, 16, or 32 */

unsigned long nitems; /* number of items in value */
} XTextProperty;

Xlib provides functions to convert localized text to or from encodings that support the inter-client
communication conventions for text. In addition, functions are provided for converting between
lists of pointers to character strings and text properties in the STRING encoding.

The functions for localized text return a signed integer error status that eiSianessas zero,
specific error conditions as negative numbers, and partial conversion as a count of unconvertible
characters.
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#define  XNoMemory -1
#define  XLocaleNotSupported -2
#define  XConverterNotFound -3

typedef enum {

XStringStyle, I* STRING */

XCompoundTextStyle, [* COMPOUND_TEXT */

XTextStyle, [* text in owner’s encoding (current locale) */
XStdICCTextStyle [* STRING, else COMPOUND_TEXT */

} XICCEncodingStyle;

To convert a list of text strings to afTextProperty structure, useXmbTextListToTextProp-
erty or XwcTextListToTextProperty .

int XmbTextListToTextPropertydisplay, list, count, style, text_prop_returi
Display *display;,
char **list;
int count,
XICCEnNcodingStylestyle;
XTextProperty text_prop_return

int XwcTextListToTextPropertydisplay, list, count, style, text_prop_returi

Display *display,
wchar_t *Hist;
int count
XICCEncodingStylestyle;
XTextProperty text_prop_return
display Specifies the connection to the X server.
list Specifies a list of null-terminated character strings.
count Specifies the number of strings specified.
style Specifies the manner in which the property is encoded.

text_prop_return
Returns theXTextProperty structure.

The XmbTextListToTextProperty and XwcTextListToTextProperty functions set the specified
XTextProperty value to a set of null-separated elements representing the concatenation of the
specified list of null-terminated text strings. A final terminating null is stored at the end of the
value field of text_prop_return but is not included in the nitems member.

The functions set the encoding field of text_prop_return tAtam for the specified display

naming the encoding determined by the specified style and convert the specified text list to this
encoding for storage in the text_prop_return value field. If the Xi$teingStyle or XCom-
poundTextStyle is specified, this encoding is “STRING” or “COMPOUND_TEXT”, respec-
tively. If the styleXTextStyle is specified, this encoding is the encoding of the current locale. If
the styleXStdICCTextStyle is specified, this encoding is “STRING” if the text is fully convert-
ible to STRING, else “COMPOUND_TEXT".
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If insufficient memory is available for the new value string, the functions retieMemory . If
the current locale is not supported, the functions reXluocaleNotSupported. In both of these
error cases, the functions do not set text_prop_return.

To determine if the functions are guaranteed not to refuotaleNotSupported, use
XSupportsLocale.

If the supplied text is not fully convertible to the specified encoding, the functions return the num-
ber of unconvertible characters. Each unconvertible character is converted to an implementation-
defined and encoding-specific default string. Otherwise, the functions &igoess Note that

full convertibility to all styles excepXStringStyle is guaranteed.

To free the storage for the value field, dderee.

To obtain a list of text strings from afiTextProperty structure, us&XmbTextPropertyTo-
TextList or XwcTextPropertyToTextList .

int XmbTextPropertyToTextListisplay, text_prop list_return, count_return
Display *display,
XTextProperty text_prop
char ***list_return;
int *count_return

int XwcTextPropertyToTextListisplay, text_prop list_return, count_returr)
Display *display,
XTextProperty text_prop
wchar_t ***list_return;
int *count_return

display Specifies the connection to the X server.
text_prop Specifies theXTextProperty structure to be used.
list_return Returns a list of null-terminated character strings.

count_return Returns the number of strings.

The XmbTextPropertyToTextList and XwcTextPropertyToTextList functions return a list of
text strings in the current locale representing the null-separated elements of the specified
XTextProperty structure. The data in text_prop must be format 8.

Multiple elements of the property (for example, the strings in a disjoint text selection) are sepa-
rated by a null byte. The contents of the property are not required to be null-terminated; any ter-
minating null should not be included in text_prop.nitems.

If insufficient memory is available for the list and its elemeXtapTextPropertyToTextList

and XwcTextPropertyToTextList returnXNoMemory. If the current locale is not supported,

the functions returiXLocaleNotSupported. Otherwise, if the encoding field of text_prop is not
convertible to the encoding of the current locale, the functions r&@omverterNotFound.

For supported locales, existence of a converter from COMPOUND_TEXT, STRING or the
encoding of the current locale is guaranteedSfupportsLocale returnsTrue for the current

locale (but the actual text may contain unconvertible characters). Conversion of other encodings
is implementation dependent. In all of these error cases, the functions do not set any return val-
ues.

Otherwise XmbTextPropertyToTextList and XwcTextPropertyToTextList return the list of
null-terminated text strings to list_return and the number of text strings to count_return.
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If the value field of text_prop is not fully convertible to the encoding of the current locale, the
functions return the number of unconvertible characters. Each unconvertible character is con-
verted to a string in the current locale that is specific to the current locale. To obtain the value of
this string, useXDefaultString . Otherwise XmbTextPropertyToTextList and XwcTextProp-
ertyToTextList returnSuccess

To free the storage for the list and its contents returnehyTextPropertyToTextList , use
XFreeStringList. To free the storage for the list and its contents returned by
XwcTextPropertyToTextList , useXwcFreeStringList.

To free the in-memory data associated with the specified wide character string list, use
XwcFreeStringList.

void XwcFreeStringListist)
wchar_t *Hist;

list Specifies the list of strings to be freed.
The XwcFreeStringList function frees memory allocated B§wcTextPropertyToTextList .
To obtain the default string for text conversion in the current localeXDséaultString .

char *XDefaultString ()

The XDefaultString function returns the default string used by Xlib for text conversion (for
example, inXmbTextPropertyToTextList ). The default string is the string in the current locale
that is output when an unconvertible character is found during text conversion. If the string
returned byXDefaultString is the empty string ("), no character is output in the converted text.
XDefaultString does not return NULL.

The string returned b}DefaultString is independent of the default string for text drawing; see
XCreateFontSetto obtain the default string for atFontSet.

The behavior when an invalid codepoint is supplied to any Xlib function is undefined.

The returned string is null-terminated. It is owned by Xlib and should not be modified or freed by
the client. It may be freed after the current locale is changed. Until freed, it will not be modified
by Xilib.

To set the specified list of strings in the STRING encodingXdextProperty structure, use
XStringListToTextProperty .
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Status XStringListToTextPropertlgt, count text_prop_returiy
char **list;
int count
XTextProperty text_prop_return

list Specifies a list of null-terminated character strings.
count Specifies the number of strings.

text_prop_return
Returns theXTextProperty structure.

The XStringListToTextProperty function sets the specifieXiTextProperty to be of type

STRING (format 8) with a value representing the concatenation of the specified list of null-
separated character strings. An extra null byte (which is not included in the nitems member) is
stored at the end of the value field of text_prop_return. The strings are assumed (without verifica-
tion) to be in the STRING encoding. If insufficient memory is available for the new value string,
XStringListToTextProperty does not set any fields in textProperty structure and returns

a zero status. Otherwise, it returns a nonzero status. To free the storage for the value field, use
XFree.

To obtain a list of strings from a specifi&dextProperty structure in the STRING encoding,
use XTextPropertyToStringList .

Status XTextPropertyToStringLigext_prop list_return count_return
XTextProperty text_prop
char ***list_return;
int *count_return

text_prop Specifies theXTextProperty structure to be used.

list_return Returns a list of null-terminated character strings.
count_return Returns the number of strings.

The XTextPropertyToStringList function returns a list of strings representing the null-separated
elements of the specifiedTextProperty structure. The data in text_prop must be of type

STRING and format 8. Multiple elements of the property (for example, the strings in a disjoint
text selection) are separated by NULL (encoding 0). The contents of the property are not null-
terminated. If insufficient memory is available for the list and its elem@&ies¢tProperty-

ToStringList sets no return values and returns a zero status. Otherwise, it returns a nonzero sta-
tus. To free the storage for the list and its contentsX&seeStringList .

To free the in-memory data associated with the specified string lisKRreeStringList .

void XFreeStringListiist)
char **list;

list Specifies the list of strings to be freed.

The XFreeStringList function releases memory allocated XmbTextPropertyToTextList and
XTextPropertyToStringList and the missing charset list allocatedX@reateFontSet
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14.1.3. Setting and Reading Text Properties

Xlib provides two functions that you can use to set and read the text properties for a given win-
dow. You can use these functions to set and read those properties of type TEXT (WM_NAME,
WM_ICON_NAME, WM_COMMAND, and WM_CLIENT_MACHINE). In addition, Xlib pro-

vides separate convenience functions that you can use to set each of these properties. For further
information about these convenience functions, see sections 14.1.4, 14.1.5, 14.2.1, and 14.2.2,
respectively.

To set one of a window’s text properties, u€eetTextProperty.

void XSetTextPropertydisplay, w, text_prop property)
Display *display;,
Window w;
XTextProperty text_prop
Atom property;
display Specifies the connection to the X server.
w Specifies the window.
text_prop Specifies thexXTextProperty structure to be used.

property Specifies the property name.

The XSetTextProperty function replaces the existing specified property for the named window
with the data, type, format, and number of items determined by the value field, the encoding field,
the format field, and the nitems field, respectively, of the specfiextProperty structure. If

the property does not already ex¥6etTextProperty sets it for the specified window.

XSetTextProperty can generatBadAlloc, BadAtom, BadValue, andBadWindow errors.

To read one of a window’s text properties, XSgetTextProperty .

Status XGetTextPropertgisplay, w, text_prop_returpproperty)

Display *display;

Window w;

XTextProperty text_prop_return

Atom property,
display Specifies the connection to the X server.
w Specifies the window.

text_prop_return
Returns theXTextProperty structure.

property Specifies the property name.

The XGetTextProperty function reads the specified property from the window and stores the
data in the returned TextProperty structure. It stores the data in the value field, the type of the
data in the encoding field, the format of the data in the format field, and the number of items of
data in the nitems field. An extra byte containing null (which is not included in the nitems mem-
ber) is stored at the end of the value field of text_prop_return. The particular interpretation of the
property’s encoding and data as text is left to the calling application. If the specified property
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does not exist on the windoWGetTextProperty sets the value field to NULL, the encoding
field to None, the format field to zero, and the nitems field to zero.

If it was able to read and store the data inXfAiextProperty structure XGetTextProperty
returns a nonzero status; otherwise, it returns a zero status.

XGetTextProperty can generat@adAtom and BadwWindow errors.

14.1.4. Setting and Reading the WM_NAME Property

Xlib provides convenience functions that you can use to set and read the WM_NAME property
for a given window.

To set a window's WM_NAME property with the supplied convenience function, use
XSetWMName.

void XSetWMNamedisplay, w, text_prop

Display *display;,

Window w;

XTextProperty text_prop
display Specifies the connection to the X server.
w Specifies the window.

text_prop Specifies thexXTextProperty structure to be used.

The XSetWMName convenience function callsSetTextProperty to set the WM_NAME prop-
erty.

To read a window’s WM_NAME property with the supplied convenience function, use
XGetWMName.

Status XGetWMNamalisplay, w, text_prop_returi
Display *display,
Window w;
XTextProperty text_prop_return
display Specifies the connection to the X server.
w Specifies the window.

text_prop_return
Returns theXTextProperty structure.

The XGetWMName convenience function callsGetTextProperty to obtain the WM_NAME
property. It returns a nonzero status on success; otherwise, it returns a zero status.

The following two functions have been supersedeX8gtWMName and XGetWMName,
respectively. You can use these additional convenience functions for window names that are
encoded as STRING properties.

To assign a name to a window, b§BtoreName.
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XStoreNamedisplay, w, window_namg
Display *display;
Window w;
char ‘window_name

display Specifies the connection to the X server.

w Specifies the window.
window_name Specifies the window name, which should be a null-terminated string.

The XStoreName function assigns the name passed to window_name to the specified window.

A window manager can display the window name in some prominent place, such as the title bar,

to allow users to identify windows easily. Some window managers may display a window’s name
in the window’s icon, although they are encouraged to use the window’s icon name if one is pro-

vided by the application. If the string is not in the Host Portable Character Encoding, the result is
implementation dependent.

XStoreName can generatBadAlloc and BadWindow errors.
To get the name of a window, uX&etchName.

Status XFetchNamel{splay, w, window_name_retum
Display *display;,
Windoww;
char *window_name_return

display Specifies the connection to the X server.

w Specifies the window.

window_name_return
Returns the window name, which is a null-terminated string.

The XFetchNamefunction returns the name of the specified window. If it succeeds, it returns a
nonzero status; otherwise, no name has been set for the window, and it returns zero. If the
WM_NAME property has not been set for this winda{icetchName sets window_name_return

to NULL. If the data returned by the server is in the Latin Portable Character Encoding, then the
returned string is in the Host Portable Character Encoding. Otherwise, the result is implementa-
tion dependent. When finished with it, a client must free the window name string{isieg.

XFetchName can generate BadWindow error.

14.1.5. Setting and Reading the WM_ICON_NAME Property
Xlib provides convenience functions that you can use to set and read the WM_ICON_NAME
property for a given window.

To set a window's WM_ICON_NAME property, ugesetWMIconName.
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void XSetWMIconNamedisplay, w, text_prop

Display *display;,

Window w;

XTextProperty text_prop
display Specifies the connection to the X server.
w Specifies the window.

text_prop Specifies thexXTextProperty structure to be used.

The XSetWMIconName convenience function call€SetTextProperty to set the
WM_ICON_NAME property.

To read a window’s WM_ICON_NAME property, us&GetWMIlconName.

Status XGetWMIconNamel{splay, w, text_prop_returi
Display *display;,
Window w;
XTextProperty text_prop_return
display Specifies the connection to the X server.
w Specifies the window.

text_prop_return
Returns theXTextProperty structure.

The XGetWMIconName convenience function callsGetTextProperty to obtain the
WM_ICON_NAME property. It returns a nonzero status on success; otherwise, it returns a zero
status.

The next two functions have been superseded®gtWMIconName and XGetWMIconName,
respectively. You can use these additional convenience functions for window names that are
encoded as STRING properties.

To set the name to be displayed in a window’s icon X8etlconName

XSetlconNamedisplay, w, icon_namé

Display *display;,

Window w;

char icon_name
display Specifies the connection to the X server.
w Specifies the window.

icon_name  Specifies the icon name, which should be a null-terminated string.

If the string is not in the Host Portable Character Encoding, the result is implementation depen-
dent. XSetlconNamecan generat®adAlloc and BadWindow errors.

To get the name a window wants displayed in its icon XGeticonName.
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Status XGetlconNamel{splay, w, icon_name_returh
Display *display;
Window w;
char **icon_name_return

display Specifies the connection to the X server.

w Specifies the window.

icon_name_return
Returns the window’s icon hame, which is a null-terminated string.

The XGetlconName function returns the name to be displayed in the specified window’s icon. If

it succeeds, it returns a nonzero status; otherwise, if no icon name has been set for the window, it
returns zero. If you never assigned a hame to the wind@egtlconName sets

icon_name_return to NULL. If the data returned by the server is in the Latin Portable Character
Encoding, then the returned string is in the Host Portable Character Encoding. Otherwise, the
result is implementation dependent. When finished with it, a client must free the icon name string
using XFree.

XGetlconName can generate BadWindow error.

14.1.6. Setting and Reading the WM_HINTS Property

Xlib provides functions that you can use to set and read the WM_HINTS property for a given
window. These functions use the flags andXMéMHints structure, as defined in the
<X11/Xutil.h> header file.

To allocate arXWMHints structure, useXAllocWMHints .

XWMHints *XAllocWMHints ()

The XAllocWMHints function allocates and returns a pointer ®\&MHints structure. Note
that all fields in theXWMHints structure are initially set to zero. If insufficient memory is avail-
able, XAllocWMHints returns NULL. To free the memory allocated to this structure, use
XFree.

The XWMHints structure contains:
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/* Window manager hints mask bits */

#define  InputHint (1L << 0)
#define  StateHint (1L << 1)
#define  IconPixmapHint (1L << 2)
#define  lconWindowHint (1L << 3)
#define  IconPositionHint (AL << 4)
#define  IconMaskHint (1L << 5)
#define  WindowGroupHint (1L << 6)
#define  UrgencyHint (1L << 8)
#define  AllHints (InputHint|StateHint|IconPixmapHint|

IconWindowHint|IconPositionHint|
IconMaskHint|WindowGroupHint)

[* Values */
typedef struct {
long flags; /* marks which fields in this structure are defined */
Bool input; /* does this application rely on the window manager to
get keyboard input? */
int initial_state; [* see below */
Pixmap icon_pixmap; [* pixmap to be used as icon */
Window icon_window; /* window to be used as icon */
inticon_x, icon_y; /* initial position of icon */
Pixmap icon_mask; [* pixmap to be used as mask for icon_pixmap */
XID window_group; * id of related window group */
[* this structure may be extended in the future */
} XWMHints;

The input member is used to communicate to the window manager the input focus model used by
the application. Applications that expect input but never explicitly set focus to any of their sub-
windows (that is, use the push model of focus management), such as X Version 10 style applica-
tions that use real-estate driven focus, should set this memibereo Similarly, applications

that set input focus to their subwindows only when it is given to their top-level window by a win-
dow manager should also set this membéirte . Applications that manage their own input

focus by explicitly setting focus to one of their subwindows whenever they want keyboard input
(that is, use the pull model of focus management) should set this menfiadseo Applications

that never expect any keyboard input also should set this memBals®

Pull model window managers should make it possible for push model applications to get input by
setting input focus to the top-level windows of applications whose input membeieis Push

model window managers should make sure that pull model applications do not break them by
resetting input focus tBointerRoot when it is appropriate (for example, whenever an applica-

tion whose input member Ralse sets input focus to one of its subwindows).

The definitions for the initial_state flag are:

#define  WithdrawnState 0
#define  NormalState 1 /* most applications start this way */
#define  IconicState 3 /* application wants to start as an icon */

The icon_mask specifies which pixels of the icon_pixmap should be used as the icon. This allows
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for nonrectangular icons. Both icon_pixmap and icon_mask must be bitmaps. The icon_window
lets an application provide a window for use as an icon for window managers that support such
use. The window_group lets you specify that this window belongs to a group of other windows.
For example, if a single application manipulates multiple top-level windows, this allows you to
provide enough information that a window manager can iconify all of the windows rather than
just the one window.

The UrgencyHint flag, if set in the flags field, indicates that the client deems the window con-

tents to be urgent, requiring the timely response of the user. The window manager will make
some effort to draw the user’s attention to this window while this flag is set. The client must pro-
vide some means by which the user can cause the urgency flag to be cleared (either mitigating the
condition that made the window urgent or merely shutting off the alarm) or the window to be
withdrawn.

To set a window's WM_HINTS property, ug€setWMHints .

XSetWMHints display, w, wmhintg
Display *display;,
Windoww;
XWMHints *wmbhints

display Specifies the connection to the X server.
w Specifies the window.
wmhints Specifies theXWMHints structure to be used.

The XSetWMHints function sets the window manager hints that include icon information and
location, the initial state of the window, and whether the application relies on the window man-
ager to get keyboard input.

XSetWMHints can generatBadAlloc and BadWindow errors.
To read a window’s WM_HINTS property, ud&etWMHints .

XWMHints *XGetWMHints (display, w)

Display *display,

Windoww;
display Specifies the connection to the X server.
w Specifies the window.

The XGetWMHints function reads the window manager hints and returns NULL if no
WM_HINTS property was set on the window or returns a pointerXgVIHints structure if it
succeeds. When finished with the data, free the space used for it by X&liew

XGetWMHints can generate BadWindow error.

14.1.7. Setting and Reading the WM_NORMAL_HINTS Property

Xlib provides functions that you can use to set or read the WM_NORMAL_HINTS property for a
given window. The functions use the flags andXi$ézeHints structure, as defined in the
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<X11/Xutil.h> header file.

The size of theXSizeHints structure may grow in future releases, as new components are added
to support new ICCCM features. Passing statically allocated instances of this structure into Xlib
may result in memory corruption when running against a future release of the library. As such, it
is recommended that only dynamically allocated instances of the structure be used.

To allocate anXSizeHints structure, useXAllocSizeHints.

XSizeHints *XAllocSizeHints ()

The XAllocSizeHints function allocates and returns a pointer ¥8SizeHints structure. Note
that all fields in theXSizeHints structure are initially set to zero. If insufficient memory is avail-
able, XAllocSizeHints returns NULL. To free the memory allocated to this structure, use
XFree.

The XSizeHints structure contains:
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/* Size hints mask bits */

#define USPosition (1L << 0) * user specified x, y */
#define USSize (1L << 1) * user specified width, height */
#define PPosition (1L << 2) * program specified position */
#define PSize (1L << 3) [* program specified size */
#define PMinSize (1L << 4) [* program specified minimum size */
#define PMaxSize (1L << 5) [* program specified maximum size */
#define PResizelnc (1L << 6) /* program specified resize increments */
#define PAspect (AL <<7) /* program specified min and max aspect ratios */
#define PBaseSize (1L << 8)
#define PWinGravity (1L << 9)
#define PAIIHints (PPosi-

tion|PSize|PMinSize|

PMax-

Size|PResizelnc|PAspect)

/* Values */

typedef struct {
long flags; /* marks which fields in this structure are defined */
intx,y; /* Obsolete */
int width, height; /* Obsolete */

int min_width, min_height;
int max_width, max_height;
int width_inc, height_inc;

struct {
int x; /* numerator */
inty; /* denominator */

} min_aspect, max_aspect;

int base_width, base_height;

int win_gravity;

[* this structure may be extended in the future */
} XSizeHints;

The X, y, width, and height members are now obsolete and are left solely for compatibility rea-
sons. The min_width and min_height members specify the minimum window size that still

allows the application to be useful. The max_width and max_height members specify the maxi-
mum window size. The width_inc and height_inc members define an arithmetic progression of
sizes (minimum to maximum) into which the window prefers to be resized. The min_aspect and
max_aspect members are expressed as ratios of x and y, and they allow an application to specify
the range of aspect ratios it prefers. The base_width and base_height members define the desired
size of the window. The window manager will interpret the position of the window and its border
width to position the point of the outer rectangle of the overall window specified by the
win_gravity member. The outer rectangle of the window includes any borders or decorations sup-
plied by the window manager. In other words, if the window manager decides to place the win-
dow where the client asked, the position on the parent window’s border named by the win_gravity
will be placed where the client window would have been placed in the absence of a window man-
ager.
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Note that use of thPAIllHints macro is highly discouraged.
To set a window's WM_NORMAL_HINTS property, useé&setWMNormalHints .

void XSetWMNormalHintsdisplay, w, hints)
Display *display;,
Windoww;
XSizeHints *hints;

display Specifies the connection to the X server.
w Specifies the window.
hints Specifies the size hints for the window in its normal state.

The XSetWMNormalHints function replaces the size hints for the WM_NORMAL_HINTS
property on the specified window. If the property does not already ¥8stWMNormalHints

sets the size hints for the WM_NORMAL_HINTS property on the specified window. The prop-
erty is stored with a type of WM_SIZE_HINTS and a format of 32.

XSetWMNormalHints can generatBadAlloc and BadWindow errors.
To read a window's WM_NORMAL_HINTS property, ud&setWMNormalHints .

Status XGetWMNormalHintlisplay, w, hints_return supplied_return
Display *display,
Windoww;
XSizeHints *hints_return
long *supplied_return

display Specifies the connection to the X server.
w Specifies the window.
hints_return  Returns the size hints for the window in its normal state.

supplied_return
Returns the hints that were supplied by the user.

The XGetWMNormalHints function returns the size hints stored in the

WM_NORMAL_HINTS property on the specified window. If the property is of type

WM_SIZE_ HINTS, is of format 32, and is long enough to contain either an old (pre-ICCCM) or
new size hints structur&XGetWMNormalHints sets the various fields of th&€SizeHints struc-

ture, sets the supplied_return argument to the list of fields that were supplied by the user (whether
or not they contained defined values), and returns a nonzero status. Otherwise, it returns a zero
status.

If XGetWMNormalHints returns successfully and a pre-ICCCM size hints property is read, the
supplied_return argument will contain the following bits:

(USPosition|USSize|PPosition|PSize|PMinSize|
PMaxSize|PResizelnc|PAspect)

If the property is large enough to contain the base size and window gravity fields as well, the sup-
plied_return argument will also contain the following bits:
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PBaseSize|PWinGravity

XGetWMNormalHints can generate BadWindow error.
To set a window's WM_SIZE_HINTS property, u¥&etWMSizeHints.

void XSetWMSizeHintsdisplay, w, hints, property)
Display *display;
Window w;
XSizeHints *hints;
Atom property,

display Specifies the connection to the X server.

w Specifies the window.

hints Specifies theXSizeHints structure to be used.
property Specifies the property name.

The XSetWMSizeHints function replaces the size hints for the specified property on the named
window. If the specified property does not already eXiSetWMSizeHints sets the size hints

for the specified property on the named window. The property is stored with a type of
WM_SIZE_HINTS and a format of 32. To set a window’s normal size hints, you can use the
XSetWMNormalHints function.

XSetWMSizeHints can generat8adAlloc, BadAtom, andBadWindow errors.
To read a window’s WM_SIZE_HINTS property, us6&etWMSizeHints.

Status XGetWMSizeHintsljsplay, w, hints_return supplied_returnproperty)
Display *display,
Windoww;
XSizeHints *hints_return
long *supplied_return

Atom property;
display Specifies the connection to the X server.
w Specifies the window.

hints_return  Returns theXSizeHints structure.

supplied_return
Returns the hints that were supplied by the user.

property Specifies the property name.

The XGetWMSizeHints function returns the size hints stored in the specified property on the
named window. If the property is of type WM_SIZE_HINTS, is of format 32, and is long enough
to contain either an old (pre-ICCCM) or new size hints strucX@stWMSizeHints sets the

various fields of theXSizeHints structure, sets the supplied_return argument to the list of fields
that were supplied by the user (whether or not they contained defined values), and returns a
nonzero status. Otherwise, it returns a zero status. To get a window’s normal size hints, you can
use theXGetWMNormalHints function.
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If XGetWMSizeHints returns successfully and a pre-ICCCM size hints property is read, the sup-
plied_return argument will contain the following bits:

(USPosition|USSize|PPosition|PSize|PMinSize|
PMaxSize|PResizelnc|PAspect)

If the property is large enough to contain the base size and window gravity fields as well, the sup-
plied_return argument will also contain the following bits:

PBaseSize|PWinGravity

XGetWMSizeHints can generatBadAtom and BadWindow errors.

14.1.8. Setting and Reading the WM_CLASS Property

Xlib provides functions that you can use to set and get the WM_CLASS property for a given win-
dow. These functions use th&lassHint structure, which is defined in thexg1/Xutil.h >
header file.

To allocate arXClassHint structure, useXAllocClassHint.

XClassHint *XAllocClassHint()

The XAllocClassHint function allocates and returns a pointer t%GassHint structure. Note

that the pointer fields in th€ClassHint structure are initially set to NULL. If insufficient mem-
ory is available XAllocClassHint returns NULL. To free the memory allocated to this structure,
useXFree.

The XClassHint contains:

typedef struct {
char *res_name;
char *res_class;
} XClassHint;

The res_name member contains the application name, and the res_class member contains the
application class. Note that the name set in this property may differ from the name set as
WM_NAME. Thatis, WM_NAME specifies what should be displayed in the title bar and, there-
fore, can contain temporal information (for example, the name of a file currently in an editor’s
buffer). On the other hand, the name specified as part of WM_CLASS is the formal name of the
application that should be used when retrieving the application’s resources from the resource
database.

To set a window's WM_CLASS property, u¥&SetClassHint
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XSetClassHintdisplay, w, class_hint3

Display *display;,

Windoww;

XClassHint ftlass_hints
display Specifies the connection to the X server.
w Specifies the window.

class_hints  Specifies theXxClassHint structure that is to be used.

The XSetClassHint function sets the class hint for the specified window. If the strings are not in
the Host Portable Character Encoding, the result is implementation dependent.

XSetClassHint can generat®adAlloc and BadWindow errors.
To read a window’s WM_CLASS property, u¥&etClassHint.

Status XGetClassHintlfsplay, w, class_hints_returh
Display *display;,
Window w;
XClassHint tlass_hints_return

display Specifies the connection to the X server.

w Specifies the window.

class_hints_return
Returns theXClassHint structure.

The XGetClassHint function returns the class hint of the specified window to the members of

the supplied structure. If the data returned by the server is in the Latin Portable Character Encod-
ing, then the returned strings are in the Host Portable Character Encoding. Otherwise, the result

is implementation dependent. It returns a nonzero status on success; otherwise, it returns a zero
status. To free res_name and res_class when finished with the string&resen each indi-

vidually.

XGetClassHint can generate BadWindow error.

14.1.9. Setting and Reading the WM_TRANSIENT_FOR Property
Xlib provides functions that you can use to set and read the WM_TRANSIENT_FOR property
for a given window.

To set a window's WM_TRANSIENT_FOR property, ug8etTransientForHint .
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XSetTransientForHindisplay, w, prop_window

Display *display;

Window w;

Window prop_window
display Specifies the connection to the X server.
w Specifies the window.

prop_window Specifies the window that the WM_TRANSIENT_FOR property is to be set to.

The XSetTransientForHint function sets the WM_TRANSIENT_FOR property of the specified
window to the specified prop_window.

XSetTransientForHint can generat®adAlloc and BadWindow errors.
To read a window's WM_TRANSIENT_FOR property, us&etTransientForHint .

Status XGetTransientForHirdisplay, w, prop_window_retur
Display *display;,
Window w;
Window *prop_window_return

display Specifies the connection to the X server.

w Specifies the window.

prop_window_return
Returns the WM_TRANSIENT_FOR property of the specified window.

The XGetTransientForHint function returns the WM_TRANSIENT_FOR property for the
specified window. It returns a nonzero status on success; otherwise, it returns a zero status.

XGetTransientForHint can generate BadWindow error.

14.1.10. Setting and Reading the WM_PROTOCOLS Property
Xlib provides functions that you can use to set and read the \RRIT®GCOLS property for a
given window.

To set a window's WM_ROTOCOLS property, usXSetWMProtocols.
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Status XSetWMProtocolsl{splay, w, protocols count)
Display *display;
Windoww;
Atom *protocols
int count

display Specifies the connection to the X server.

w Specifies the window.

protocols Specifies the list of protocols.

count Specifies the number of protocols in the list.

The XSetWMProtocols function replaces the WM FOTOCOLS property on the specified win-
dow with the list of atoms specified by the protocols argument. If the property does not already
exist, XSetWMProtocols sets the WM_ROTOCOLS property on the specified window to the

list of atoms specified by the protocols argument. The property is stored with a type of ATOM
and a format of 32. If it cannot intern the WMRGTOCOLS atom XSetWMProtocols returns

a zero status. Otherwise, it returns a nonzero status.

XSetWMProtocols can generatBadAlloc and BadWindow errors.
To read a window’s WM_ROTOCOLS property, usXGetWMProtocols.

Status XGetWMProtocolsi{splay, w, protocols_returncount_returr)
Display *display,
Windoww;
Atom **protocols_return
int *count_return

display Specifies the connection to the X server.

w Specifies the window.

protocols_return
Returns the list of protocols.

count_return Returns the number of protocols in the list.

The XGetWMProtocols function returns the list of atoms stored in the WRCHOCOLS

property on the specified window. These atoms describe window manager protocols in which the
owner of this window is willing to participate. If the property exists, is of type ATOM, is of for-

mat 32, and the atom WMRBTOCOLS can be interneXkGetWMProtocols sets the proto-
cols_return argument to a list of atoms, sets the count_return argument to the number of elements
in the list, and returns a nonzero status. Otherwise, it sets neither of the return arguments and
returns a zero status. To release the list of atomsXbsee.

XGetWMProtocols can generate BadWindow error.

14.1.11. Setting and Reading the WM_COLORMAP_WINDOWS Property

Xlib provides functions that you can use to set and read the WM_COLORMAP_WINDOWS
property for a given window.
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To set a window's WM_COLORMAP_WINDOWS property, us&etWMColormapWindows.

Status XSetWMColormapWindowdiéplay, w, colormap_windowscoun)
Display *display;,
Window w;
Window *colormap_windows
int count,

display Specifies the connection to the X server.
w Specifies the window.

colormap_windows
Specifies the list of windows.

count Specifies the number of windows in the list.

The XSetWMColormapWindows function replaces the WM_COLORMAP_WINDOWS prop-
erty on the specified window with the list of windows specified by the colormap_windows argu-
ment. It the property does not already exis$etWMColormapWindows sets the
WM_COLORMAP_WINDOWS property on the specified window to the list of windows speci-
fied by the colormap_windows argument. The property is stored with a type of WINDOW and a
format of 32. If it cannot intern the WM_COLORMAP_WINDOWS atoX§etWMColormap-
Windows returns a zero status. Otherwise, it returns a nonzero status.

XSetWMColormapWindows can generat®adAlloc and BadWindow errors.

To read a window’s WM_COLORMAP_WINDOWS property, use
XGetWMColormapWindows .

Status XGetWMColormapWindowdisplay, w, colormap_windows_returrcount_return
Display *display;
Window w;
Window **colormap_windows_return
int *count_return

display Specifies the connection to the X server.
w Specifies the window.

colormap_windows_return
Returns the list of windows.

count_return Returns the number of windows in the list.

The XGetWMColormapWindows function returns the list of window identifiers stored in the
WM_COLORMAP_WINDOWS property on the specified window. These identifiers indicate the
colormaps that the window manager may need to install for this window. If the property exists, is
of type WINDOW, is of format 32, and the atom WM_COLORMAP_WINDOWS can be

interned, XGetWMColormapWindows sets the windows_return argument to a list of window
identifiers, sets the count_return argument to the number of elements in the list, and returns a
nonzero status. Otherwise, it sets neither of the return arguments and returns a zero status. To
release the list of window identifiers, uséree.
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XGetWMColormapWindows can generate BadWindow error.

14.1.12. Setting and Reading the WM_ICON_SIZE Property

Xlib provides functions that you can use to set and read the WM_ICON_SIZE property for a
given window. These functions use tionSize structure, which is defined in the
<X11/Xutil.h> header file.

To allocate arXlconSize structure, useXAlloclconSize.

XlconSize *XAlloclconSize()

The XAlloclconSize function allocates and returns a pointer tdleonSize structure. Note that
all fields in theXlconSize structure are initially set to zero. If insufficient memory is available,
XAlloclconSize returns NULL. To free the memory allocated to this structure Xiisee.

The XlconSize structure contains:

typedef struct {
int min_width, min_height;
int max_width, max_height;
int width_inc, height_inc;

} XlconSize;

The width_inc and height_inc members define an arithmetic progression of sizes (minimum to
maximum) that represent the supported icon sizes.

To set a window’s WM_ICON_SIZE property, uB&SetlconSizes

XSetlconSizesdisplay, w, size_list count)
Display *display;,
Window w;
XlconSize *size_list
int count,
display Specifies the connection to the X server.
w Specifies the window.
size_list Specifies the size list.
count Specifies the number of items in the size list.

The XSetlconSizesfunction is used only by window managers to set the supported icon sizes.
XSetlconSizescan generat®adAlloc and BadWindow errors.

To read a window’s WM_ICON_SIZE property, us&etlconSizes
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Status XGetlconSizedisplay, w, size_list_returncount_returr)
Display *display;,
Window w;
XlconSize **size_list_return
int *count_return

display Specifies the connection to the X server.
w Specifies the window.

size_list_return
Returns the size list.

count_return Returns the number of items in the size list.

The XGetlconSizesfunction returns zero if a window manager has not set icon sizes; otherwise,

it return nonzero.XGetlconSizesshould be called by an application that wants to find out what
icon sizes would be most appreciated by the window manager under which the application is run-
ning. The application should then us8etWMHints to supply the window manager with an

icon pixmap or window in one of the supported sizes. To free the data allocated in
size_list_return, us¥Free.

XGetlconSizescan generate BadWindow error.

14.1.13. Using Window Manager Convenience Functions

The XmbSetWMProperties function stores the standard set of window manager properties, with
text properties in standard encodings for internationalized text communication. The standard
window manager properties for a given window are WM_NAME, WM_ICON_NAME,
WM_HINTS, WM_NORMAL_HINTS, WM_CLASS, WM_COMMAND,
WM_CLIENT_MACHINE, and WM_LOCALE_NAME.
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void XmbSetWMPropertiesiisplay, w, window_nameicon_nameargv, argc,
normal_hints wm_hints class_hint$
Display *display;,
Window w;
char *window_name
char icon_name
char *argv[];
int argc;
XSizeHints *normal_hints
XWMHints *wm_hints
XClassHint ftlass_hints

display Specifies the connection to the X server.

w Specifies the window.

window_name Specifies the window name, which should be a null-terminated string.
icon_name  Specifies the icon name, which should be a null-terminated string.

argv Specifies the application’s argument list.

argc Specifies the number of arguments.

hints Specifies the size hints for the window in its normal state.
wm_hints Specifies theXWMHints structure to be used.

class_hints  Specifies theXClassHint structure to be used.

The XmbSetWMProperties convenience function provides a simple programming interface for
setting those essential window properties that are used for communicating with other clients (par-
ticularly window and session managers).

If the window_name argument is non-NULKmbSetWMProperties sets the WM_NAME

property. If the icon_name argument is non-NUMmbSetWMProperties sets the
WM_ICON_NAME property. The window_name and icon_name arguments are null-terminated
strings in the encoding of the current locale. If the arguments can be fully converted to the
STRING encoding, the properties are created with type “STRING”; otherwise, the arguments are
converted to Compound Text, and the properties are created with type “COMPOUND_TEXT".

If the normal_hints argument is non-NULKmbSetWMProperties calls

XSetWMNormalHints , which sets the WM_NORMAL_HINTS property (see section 14.1.7).
If the wm_hints argument is non-NULKXmbSetWMProperties calls XSetWMHints , which
sets the WM_HINTS property (see section 14.1.6).

If the argv argument is non-NULIXmbSetWMProperties sets the WM_COMMAND property
from argv and argc. An argc of zero indicates a zero-length command.

The hostname of the machine is stored u3iBgtWMClientMachine (see section 14.2.2).

If the class_hints argument is non-NULXmbSetWMProperties sets the WM_CLASS prop-

erty. If the res_name member in tK€lassHint structure is set to the NULL pointer and the
RESOURCE_NAME environment variable is set, the value of the environment variable is substi-
tuted for res_name. If the res_name member is NULL, the environment variable is not set, and
argv and argv|[0] are set, then the value of argv[0], stripped of any directory prefixes, is substi-
tuted for res_name.

It is assumed that the supplied class_hints.res_name and argv, the RESOURCE_NAME environ-
ment variable, and the hostname of the machine are in the encoding of the locale announced for

366



Xlib — C Library X11, Release 6

the LC_CTYPE category (on POSIX-compliant systems, the LC_CTYPE, else LANG environ-
ment variable). The corresponding WM_CLASS, WM_COMMAND, and
WM_CLIENT_MACHINE properties are typed according to the local host locale announcer. No
encoding conversion is performed prior to storage in the properties.

For clients that need to process the property text in a logateSetWMProperties sets the
WM_LOCALE_NAME property to be the name of the current locale. The name is assumed to be
in the Host Portable Character Encoding and is converted to STRING for storage in the property.

XmbSetWMProperties can generatBadAlloc and BadWindow errors.

To set a window’s standard window manager properties with strings in client-specified encodings,
useXSetWMProperties. The standard window manager properties for a given window are
WM_NAME, WM_ICON_NAME, WM_HINTS, WM_NORMAL_HINTS, WM_CLASS,
WM_COMMAND, and WM_CLIENT_MACHINE.

void XSetWMPropertiegdisplay, w, window_namgicon_nameargy, argc, normal_hintswm_hintsclass_hint3
Display *display;
Window w;
XTextProperty window_name
XTextProperty fcon_name
char **argyv;
int argc;
XSizeHints *normal_hints
XWMHints *wm_hints
XClassHint ftlass_hints

display Specifies the connection to the X server.

w Specifies the window.

window_name Specifies the window name, which should be a null-terminated string.
icon_name  Specifies the icon name, which should be a null-terminated string.

argv Specifies the application’s argument list.

argc Specifies the number of arguments.

normal_hints Specifies the size hints for the window in its normal state.
wm_hints Specifies theXWMHints structure to be used.

class_hints  Specifies theXxClassHint structure to be used.

The XSetWMProperties convenience function provides a single programming interface for set-
ting those essential window properties that are used for communicating with other clients (partic-
ularly window and session managers).

If the window_name argument is non-NULKSetWMProperties calls XSetWMName, which

in turn, sets the WM_NAME property (see section 14.1.4). If the icon_name argument is non-
NULL, XSetWMProperties calls XSetWMIconName, which sets the WM_ICON_NAME
property (see section 14.1.5). If the argv argument is non-NMISetWMProperties calls
XSetCommand, which sets the WM_COMMAND property (see section 14.2.1). Note that an
argc of zero is allowed to indicate a zero-length command. Note also that the hostname of this
machine is stored usingSetWMClientMachine (see section 14.2.2).
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If the normal_hints argument is non-NULKSetWMProperties calls XSetWMNormalHints ,

which sets the WM_NORMAL_HINTS property (see section 14.1.7). If the wm_hints argument
is non-NULL, XSetWMProperties calls XSetWMHints , which sets the WM_HINTS property
(see section 14.1.6).

If the class_hints argument is non-NULXSetWMProperties calls XSetClassHint, which sets

the WM_CLASS property (see section 14.1.8). If the res_name member{iCtassHint

structure is set to the NULL pointer and the RESOURCE_NAME environment variable is set,

then the value of the environment variable is substituted for res_name. If the res_name member is
NULL, the environment variable is not set, and argv and argv[0] are set, then the value of argv[0],
stripped of any directory prefixes, is substituted for res_name.

XSetWMProperties can generat®adAlloc and BadWindow errors.

14.2. Clientto Session Manager Communication

This section discusses how to:

. Set and read the WM_COMMAND property

. Set and read the WM_CLIENT _MACHINE property

14.2.1. Setting and Reading the WM_COMMAND Property

Xlib provides functions that you can use to set and read the WM_COMMAND property for a
given window.

To set a window's WM_COMMAND property, us€SetCommand.

XSetCommanddisplay, w, argv, argc)
Display *display,
Windoww;
char **argyv;
int argc;
display Specifies the connection to the X server.
w Specifies the window.
argv Specifies the application’s argument list.

argc Specifies the number of arguments.

The XSetCommand function sets the command and arguments used to invoke the application.
(Typically, argv is the argv array of your main program.) If the strings are not in the Host
Portable Character Encoding, the result is implementation dependent.

XSetCommandcan generatBadAlloc and BadWindow errors.

To read a window’s WM_COMMAND property, useGetCommand.
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Status XGetCommandyisplay, w, argv_return argc_return)
Display *display;,
Window w;
char **argv_return
int *argc_return
display Specifies the connection to the X server.
w Specifies the window.
argv_return  Returns the application’s argument list.
argc_return  Returns the number of arguments returned.

The XGetCommand function reads the WM_COMMAND property from the specified window

and returns a string list. If the WM_COMMAND property exists, it is of type STRING and for-
mat 8. If sufficient memory can be allocated to contain the stringKiidgtCommand fills in

the argv_return and argc_return arguments and returns a nonzero status. Otherwise, it returns a
zero status. If the data returned by the server is in the Latin Portable Character Encoding, then
the returned strings are in the Host Portable Character Encoding. Otherwise, the result is imple-
mentation dependent. To free the memory allocated to the string lis{FuseStringList .

14.2.2. Setting and Reading the WM_CLIENT_MACHINE Property

Xlib provides functions that you can use to set and read the WM_CLIENT_MACHINE property
for a given window.

To set a window's WM_CLIENT_MACHINE property, us€SetWMClientMachine..

void XSetWMClientMachinedisplay, w, text_prop
Display *display,
Window w;
XTextProperty text_prop
display Specifies the connection to the X server.
w Specifies the window.

text_prop Specifies thexXTextProperty structure to be used.

The XSetWMClientMachine convenience function calsSetTextProperty to set the
WM_CLIENT_MACHINE property.

To read a window’s WM_CLIENT_MACHINE property, usé&etWMClientMachine .
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Status XGetWMClientMachinelfsplay, w, text_prop_returi
Display *display;,
Window w;
XTextProperty text_prop_return

display Specifies the connection to the X server.
w Specifies the window.

text_prop_return
Returns theXTextProperty structure.

The XGetWMClientMachine convenience function performs GetTextProperty on the
WM_CLIENT_MACHINE property. It returns a nonzero status on success; otherwise, it returns
a zero status.

14.3. Standard Colormaps

Applications with color palettes, smooth-shaded drawings, or digitized images demand large
numbers of colors. In addition, these applications often require an efficient mapping from color
triples to pixel values that display the appropriate colors.

As an example, consider a three-dimensional display program that wants to draw a smoothly
shaded sphere. At each pixel in the image of the sphere, the program computes the intensity and
color of light reflected back to the viewer. The result of each computation is a triple of RGB
coefficients in the range 0.0 to 1.0. To draw the sphere, the program needs a colormap that pro-
vides a large range of uniformly distributed colors. The colormap should be arranged so that the
program can convert its RGB triples into pixel values very quickly, because drawing the entire
sphere requires many such conversions.

On many current workstations, the display is limited to 256 or fewer colors. Applications must
allocate colors carefully, not only to make sure they cover the entire range they need but also to
make use of as many of the available colors as possible. On a typical X display, many applica-
tions are active at once. Most workstations have only one hardware look-up table for colors, so
only one application colormap can be installed at a given time. The application using the
installed colormap is displayed correctly, and the other applications go technicolor and are dis-
played with false colors.

As another example, consider a user who is running an image processing program to display
earth-resources data. The image processing program needs a colormap set up with 8 reds, 8
greens, and 4 blues, for a total of 256 colors. Because some colors are already in use in the

default colormap, the image processing program allocates and installs a new colormap.

The user decides to alter some of the colors in the image by invoking a color palette program to
mix and choose colors. The color palette program also needs a colormap with eight reds, eight
greens, and four blues, so just like the image processing program, it must allocate and install a
new colormap.

Because only one colormap can be installed at a time, the color palette may be displayed incor-
rectly whenever the image processing program is active. Conversely, whenever the palette pro-
gram is active, the image may be displayed incorrectly. The user can never match or compare
colors in the palette and image. Contention for colormap resources can be reduced if applications
with similar color needs share colormaps.

The image processing program and the color palette program could share the same colormap if
there existed a convention that described how the colormap was set up. Whenever either program
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was active, both would be displayed correctly.

The standard colormap properties define a set of commonly used colormaps. Applications that
share these colormaps and conventions display true colors more often and provide a better inter-
face to the user.

Standard colormaps allow applications to share commonly used color resources. This allows
many applications to be displayed in true colors simultaneously, even when each application
needs an entirely filled colormap.

Several standard colormaps are described in this section. Usually, a window manager creates
these colormaps. Applications should use the standard colormaps if they already exist.

To allocate arKStandardColormap structure, useXAllocStandardColormap.

XStandardColormap *XAllocStandardColormap ()

The XAllocStandardColormap function allocates and returns a pointer ®&tandardCol-
ormap structure. Note that all fields in théStandardColormap structure are initially set to
zero. If insufficient memory is availabl¥AllocStandardColormap returns NULL. To free the
memory allocated to this structure, UsEree.

The XStandardColormap structure contains:

[* Hints */
#define  ReleaseByFreeingColormap ((XID) 1L)
[* Values */

typedef struct {
Colormap colormap;
unsigned long red_max;
unsigned long red_mult;
unsigned long green_max;
unsigned long green_mult;
unsigned long blue_max;
unsigned long blue_mult;
unsigned long base_pixel,
VisuallD visualid;
XID killid;

} XStandardColormap;

The colormap member is the colormap created bytbeeateColormap function. The

red_max, green_max, and blue_max members give the maximum red, green, and blue values,
respectively. Each color coefficient ranges from zero to its max, inclusive. For example, a com-
mon colormap allocation is 3/3/2 (3 planes for red, 3 planes for green, and 2 planes for blue).
This colormap would have red_max = 7, green_max = 7, and blue_max = 3. An alternate alloca-
tion that uses only 216 colors is red_max = 5, green_max = 5, and blue_max = 5.

The red_mult, green_mult, and blue_mult members give the scale factors used to compose a full
pixel value. (See the discussion of the base_pixel members for further information.) For a 3/3/2
allocation, red_mult might be 32, green_mult might be 4, and blue_mult might be 1. For a
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6-colors-each allocation, red_mult might be 36, green_mult might be 6, and blue_mult might be
1.

The base_pixel member gives the base pixel value used to compose a full pixel value. Usually,
the base_pixel is obtained from a call to ¥¥llocColorPlanes function. Given integer red,

green, and blue coefficients in their appropriate ranges, one then can compute a corresponding
pixel value by using the following expression:

(r * red_mult + g * green_mult + b * blue_mult + base_pixel) & OxFFFFFFFF

For GrayScale colormaps, only the colormap, red_max, red_mult, and base_pixel members are
defined. The other members are ignored. To comp@eagScale pixel value, use the follow-
ing expression:

(gray * red_mult + base_pixel) & OXFFFFFFFF

Negative multipliers can be represented by converting the 2's complement representation of the
multiplier into an unsigned long and storing the result in the appropriate _mult field. The step of
masking by OXFFFFFFFF effectively converts the resulting positive multiplier into a negative one.
The masking step will take place automatically on many machine architectures, depending on the
size of the integer type used to do the computation,

The visualid member gives the ID number of the visual from which the colormap was created.
The killid member gives a resource ID that indicates whether the cells held by this standard col-
ormap are to be released by freeing the colormap ID or by callingkhi€lient function on

the indicated resource. (Note that this method is necessary for allocating out of an existing col-
ormap.)

The properties containing théStandardColormap information have the type
RGB_COLOR_MAP.

The remainder of this section discusses standard colormap properties and atoms as well as how to
manipulate standard colormaps.

14.3.1. Standard Colormap Properties and Atoms

Several standard colormaps are available. Each standard colormap is defined by a property, and
each such property is identified by an atom. The following list names the atoms and describes the
colormap associated with each one. Thd ¥/ Xatom.h> header file contains the definitions for

each of the following atoms, which are prefixed with XA .

RGB_DEFAULT_MAP
This atom names a property. The value of the property is an arié§tahdardCol-
ormap structures. Each entry in the array describes an RGB subset of the default color
map for the Visual specified by visual_id.

Some applications only need a few RGB colors and may be able to allocate them from the
system default colormap. This is the ideal situation because the fewer colormaps that are
active in the system the more applications are displayed with correct colors at all times.

A typical allocation for the RGB_DEFAULT _MAP on 8-plane displays is 6 reds, 6 greens,
and 6 blues. This gives 216 uniformly distributed colors (6 intensities of 36 different hues)
and still leaves 40 elements of a 256-element colormap available for special-purpose colors
for text, borders, and so on.

RGB_BEST_MAP
This atom names a property. The value of the property ¥StandardColormap.
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The property defines the best RGB colormap available on the screen. (Of course, this is a
subjective evaluation.) Many image processing and three-dimensional applications need to
use all available colormap cells and to distribute as many perceptually distinct colors as
possible over those cells. This implies that there may be more green values available than
red, as well as more green or red than blue.

For an 8-pland’seudoColorvisual, RGB_BEST_MAP is likely to be a 3/3/2 allocation.
For a 24-planéirectColor visual, RGB_BEST_MAP is normally an 8/8/8 allocation.

RGB_RED_MAP
RGB_GREEN_MAP
RGB_BLUE_MAP
These atoms name properties. The value of each propertyiStandardColormap.

The properties define all-red, all-green, and all-blue colormaps, respectively. These maps
are used by applications that want to make color-separated images. For example, a user
might generate a full-color image on an 8-plane display both by rendering an image three
times (once with high color resolution in red, once with green, and once with blue) and by
multiply-exposing a single frame in a camera.

RGB_GRAY_MAP
This atom names a property. The value of the property ¥SandardColormap.

The property describes the b&tayScale colormap available on the screen. As previ-
ously mentioned, only the colormap, red_max, red_mult, and base_pixel members of the
XStandardColormap structure are used f@rayScale colormaps.

14.3.2. Setting and Obtaining Standard Colormaps
Xlib provides functions that you can use to set and obtalXStandardColormap structure.

To set anXStandardColormap structure, us&XSetRGBColormaps.

void XSetRGBColormapslisplay, w, std_colormapcount property)
Display *display,
Window w;
XStandardColormapstd_colormap
int count,
Atom property,

display Specifies the connection to the X server.

w Specifies the window.

std_colormap Specifies theXStandardColormap structure to be used.
count Specifies the number of colormaps.

property Specifies the property name.

The XSetRGBColormaps function replaces the RGB colormap definition in the specified prop-
erty on the named window. If the property does not already &@&&#tRGBColormapssets the

RGB colormap definition in the specified property on the named window. The property is stored
with a type of RGB_COLOR_MAP and a format of 32. Note that it is the caller’s responsibility
to honor the ICCCM restriction that only RGB_DEFAULT_MAP contain more than one defini-
tion.
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The XSetRGBColormaps function usually is only used by window or session managers. To cre-
ate a standard colormap, follow this procedure:

1.  Open anew connection to the same server.
2 Grab the server.
3. See if the property is on the property list of the root window for the screen.
4 If the desired property is not present:
. Create a colormap (unless you are using the default colormap of the screen).
. Determine the color characteristics of the visual.
. Allocate cells in the colormap (or create it walHocAll ).
. Call XStoreColors to store appropriate color values in the colormap.
. Fill in the descriptive members in tiéStandardColormap structure.
. Attach the property to the root window.
. Use XSetCloseDownModeto make the resource permanent.
5. Ungrab the server.
XSetRGBColormapscan generat®adAlloc, BadAtom, and BadWindow errors.

To obtain theXStandardColormap structure associated with the specified property, use
XGetRGBColormaps.

Status XGetRGBColormapdigplay, w, std_colormap_returncount_return property)
Display *display,
Windoww;
XStandardColormap *8td_colormap_return
int *count_return

Atom property;
display Specifies the connection to the X server.
w Specifies the window.

std_colormap_return
Returns theXStandardColormap structure.

count_return Returns the number of colormaps.
property Specifies the property name.

The XGetRGBColormaps function returns the RGB colormap definitions stored in the specified
property on the named window. If the property exists, is of type RGB_COLOR_MAP, is of for-
mat 32, and is long enough to contain a colormap definl@etRGBColormaps allocates and

fills in space for the returned colormaps and returns a nonzero status. If the visualid is not pre-
sent,XGetRGBColormaps assumes the default visual for the screen on which the window is
located; if the killid is not presenjone is assumed, which indicates that the resources cannot be
released. Otherwise, none of the fields are setX@wtRGBColormaps returns a zero status.

Note that it is the caller’s responsibility to honor the ICCCM restriction that only
RGB_DEFAULT _MAP contain more than one definition.

XGetRGBColormaps can generat@adAtom and BadWindow errors.
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Chapter 15

Resource Manager Functions

A program often needs a variety of options in the X environment (for example, fonts, colors,

icons, and cursors). Specifying all of these options on the command line is awkward because
users may want to customize many aspects of the program and need a convenient way to establish
these customizations as the default settings. The resource manager is provided for this purpose.
Resource specifications are usually stored in human-readable files and in server properties.

The resource manager is a database manager with a twist. In most database systems, you perform
a guery using an imprecise specification, and you get back a set of records. The resource man-
ager, however, allows you to specify a large set of values with an imprecise specification, to query
the database with a precise specification, and to get back only a single value. This should be used
by applications that need to know what the user prefers for colors, fonts, and other resources. lItis
this use as a database for dealing with X resources that inspired the name “Resource Manager,”
although the resource manager can be and is used in other ways.

For example, a user of your application may want to specify that all windows should have a blue
background but that all mail-reading windows should have a red background. With well-
engineered and coordinated applications, a user can define this information using only two lines
of specifications.

As an example of how the resource manager works, consider a mail-reading application called
xmh. Assume that it is designed so that it uses a complex window hierarchy all the way down to
individual command buttons, which may be actual small subwindows in some toolkits. These are
often called objects or widgets. In such toolkit systems, each user interface object can be com-
posed of other objects and can be assigned a name and a class. Fully qualified names or classes
can have arbitrary numbers of component names, but a fully qualified name always has the same
number of component names as a fully qualified class. This generally reflects the structure of the
application as composed of these objects, starting with the application itself.

For example, the xmh mail program has a hame “xmh” and is one of a class of “Mail” pro-

grams. By convention, the first character of class components is capitalized, and the first letter of
name components is in lowercase. Each name and class finally has an attribute (for example
“foreground” or “font”). If each window is properly assigned a name and class, it is easy for the
user to specify attributes of any portion of the application.

At the top level, the application might consist of a paned window (that is, a window divided into
several sections) named “toc”. One pane of the paned window is a button box window named
“buttons” and is filled with command buttons. One of these command buttons is used to incorpo-
rate new mail and has the name “incorporate”. This window has a fully qualified name,
“xmh.toc.buttons.incorporate”, and a fully qualified class, “Xmh.Paned.Box.Command”. Its

fully qualified name is the name of its parent, “xmh.toc.buttons”, followed by its name, “incor-
porate”. Its class is the class of its parent, “Xmh.Paned.Box”, followed by its particular class,
“Command”. The fully qualified name of a resource is the attribute’s name appended to the
object’s fully qualified name, and the fully qualified class is its class appended to the object’s
class.

The incorporate button might need the following resources: Title string, Font, Foreground color
for its inactive state, Background color for its inactive state, Foreground color for its active state,
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and Background color for its active state. Each resource is considered to be an attribute of the
button and, as such, has a name and a class. For example, the foreground color for the button in
its active state might be named “activeForeground”, and its class might be “Foreground”.

When an application looks up a resource (for example, a color), it passes the complete name and
complete class of the resource to a look-up routine. The resource manager compares this com-
plete specification against the incomplete specifications of entries in the resource database, finds
the best match, and returns the corresponding value for that entry.

The definitions for the resource manager are containedit/Xresource.tp.

15.1. Resource File Syntax

The syntax of a resource file is a sequence of resource lines terminated by newline characters or
the end of the file. The syntax of an individual resource line is:

ResourceLine = Comment | IncludeFile | ResourceSpec | <empty line>
Comment = "I"{<any character except null or newline>}

IncludeFile = "#" WhiteSpace "include" WhiteSpace FileName WhiteSpace
FileName = <valid filename for operating system>

ResourceSpec = WhiteSpace ResourceName WhiteSpace ":" WhiteSpace Value
ResourceName = [Binding] {Component Binding} ComponentName

Binding = "

WhiteSpace = {<space> | <horizontal tab>}

Component = "?"| ComponentName

ComponentName = NameChar {NameChar}

NameChar = "a"-"z"|"A"-"zZ"|"o"-"or |ttt

Value = {<any character except null or unescaped newline>}

Elements separated by vertical bar () are alternatives. Curly braces ({...}) indicate zero or more
repetitions of the enclosed elements. Square brackets ([...]) indicate that the enclosed element is
optional. Quotes ("...") are used around literal characters.

IncludeFile lines are interpreted by replacing the line with the contents of the specified file. The
word “include” must be in lowercase. The file name is interpreted relative to the directory of the
file in which the line occurs (for example, if the file name contains no directory or contains a rela-
tive directory specification).

If a ResourceName contains a contiguous sequence of two or more Binding characters, the

sequence will be replaced with single “.” character if the sequence contains only “.” characters;
otherwise, the sequence will be replaced with a single “*” character.

A resource database never contains more than one entry for a given ResourceName. If a resource
file contains multiple lines with the same ResourceName, the last line in the file is used.

Any white space characters before or after the name or colon in a ResourceSpec are ignored. To
allow a Value to begin with white space, the two-character sequespacé (backslash fol-

lowed by space) is recognized and replaced by a space character, and the two-character sequence
“\ tab” (backslash followed by horizontal tab) is recognized and replaced by a horizontal tab
character. To allow a Value to contain embedded newline characters, the two-character sequence
“\n” is recognized and replaced by a newline character. To allow a Value to be broken across
multiple lines in a text file, the two-character sequenaeiling (backslash followed by new-

line) is recognized and removed from the value. To allow a Value to contain arbitrary character
codes, the four-character sequenceniY, where eacm is a digit character in the range of

“0”="7", is recognized and replaced with a single byte that contains the octal value specified by
the sequence. Finally, the two-character sequence “\\" is recognized and replaced with a single
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backslash.

As an example of these sequences, the following resource line contains a value consisting of four
characters: a backslash, a null, a “z”, and a newline:

magic.values: \W000\
z\n

15.2. Resource Manager Matching Rules

The algorithm for determining which resource database entry matches a given query is the heart
of the resource manager. All queries must fully specify the name and class of the desired
resource (use of the characters “*” and “?” are not permitted). The library supports up to 100
components in a full name or class. Resources are stored in the database with only partially spec-
ified names and classes, using pattern matching constructs. An asterisk (*) is a loose binding and
is used to represent any number of intervening components, including none. A period (.) is a tight
binding and is used to separate immediately adjacent components. A question mark (?) is used to
match any single component name or class. A database entry cannot end in a loose binding; the
final component (which cannot be the character “?") must be specified. The lookup algorithm
searches the database for the entry that most closely matches (is most specific for) the full name
and class being queried. When more than one database entry matches the full name and class,
precedence rules are used to select just one.

The full name and class are scanned from left to right (from highest level in the hierarchy to low-
est), one component at a time. At each level, the corresponding component and/or binding of
each matching entry is determined, and these matching components and bindings are compared
according to precedence rules. Each of the rules is applied at each level before moving to the
next level, until a rule selects a single entry over all others. The rules, in order of precedence, are:

1.  Anentry that contains a matching component (whether name, class, or the character “?”
takes precedence over entries that elide the level (that is, entries that match the level in a
loose binding).

2. Anentry with a matching name takes precedence over both entries with a matching class
and entries that match using the character “?”. An entry with a matching class takes prece-
dence over entries that match using the character “?”.

3. An entry preceded by a tight binding takes precedence over entries preceded by a loose
binding.

To illustrate these rules, consider the following resource database entries:

xmh*Paned*activeForeground: red (entry A)
*incorporate.Foreground: blue (entry B)
xmh.toc*Command*activeForeground: green (entry C)
xmh.toc*?.Foreground: white (entry D)
xmh.toc*Command.activeForeground: black (entry E)

Consider a query for the resource:

xmh.toc.messagefunctions.incorporate.active Foregr(nae)
Xmh.Paned.Box.Command.Foreground (class)

At the first level (xmh, Xmh), rule 1 eliminates entry B. At the second level (toc, Paned), rule 2
eliminates entry A. At the third level (messagefunctions, Box), no entries are eliminated. At the
fourth level (incorporate, Command), rule 2 eliminates entry D. At the fifth level
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(activeForeground, Foreground), rule 3 eliminates entry C.

15.3. Quarks

Most uses of the resource manager involve defining names, classes, and representation types as
string constants. However, always referring to strings in the resource manager can be slow,
because it is so heavily used in some toolkits. To solve this problem, a shorthand for a string is
used in place of the string in many of the resource manager functions. Simple comparisons can
be performed rather than string comparisons. The shorthand name for a string is called a quark
and is the typeXrmQuark . On some occasions, you may want to allocate a quark that has no
string equivalent.

A quark is to a string what an atom is to a string in the server, but its use is entirely local to your
application.

To allocate a new quark, udemuUniqueQuark .

XrmQuark XrmUniqueQuark()

The XrmUniqueQuark function allocates a quark that is guaranteed not to represent any string
that is known to the resource manager.

Each name, class, and representation type is typedef'd>asre@uark .

typedef int XrmQuark, *XrmQuarkList;
typedef XrmQuark XrmName;

typedef XrmQuark XrmClass;

typedef XrmQuark XrmRepresentation;
#define NULLQUARK ((XrmQuark) 0)

Lists are represented as null-terminated arrays of quarks. The size of the array must be large
enough for the number of components used.

typedef XrmQuarkList XrmNamelList;

typedef XrmQuarkList XrmClassList;

To convert a string to a quark, usemStringToQuark or XrmPermStringToQuark .

378



Xlib — C Library X11, Release 6

#define XrmStringToName(string) XrmStringToQuark(string)
#define XrmStringToClass(string) XrmStringToQuark(string)
#define XrmStringToRepresentation(string) XrmStringToQuark(string)

XrmQuark XrmStringToQuarkstring)
char *string;

XrmQuark XrmPermStringToQuarkiting)
char *string;

string Specifies the string for which a quark is to be allocated.

These functions can be used to convert from string to quark representation. If the string is not in
the Host Portable Character Encoding, the conversion is implementation dependent. The string
argument toXrmStringToQuark need not be permanently allocated stora§emPermString-
ToQuark is just like XrmStringToQuark , except that Xlib is permitted to assume the string
argument is permanently allocated, and, hence, that it can be used as the value to be returned by
XrmQuarkToString .

For any given quark, iKrmStringToQuark returns a non-NULL value, all future calls will
return the same value (identical address).

To convert a quark to a string, usemQuarkToString .

#define XrmNameToString(name) XrmQuarkToString(name)
#define XrmClassToString(class) XrmQuarkToString(class)
#define XrmRepresentationToString(type) XrmQuarkToString(type)

char *XrmQuarkToStringquark)
XrmQuarkquark;

quark Specifies the quark for which the equivalent string is desired.

These functions can be used to convert from quark representation to string. The string pointed to
by the return value must not be modified or freed. The returned string is byte-for-byte equal to
the original string passed to one of the string-to-quark routines. If no string exists for that quark,

XrmQuarkToString returns NULL. For any given quark, XrmQuarkToString returns a
non-NULL value, all future calls will return the same value (identical address).

To convert a string with one or more components to a quark lisKms8tringToQuarkList .
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#define XrmStringToNameList(str, name) XrmStringToQuarkList((str), (name))
#define XrmStringToClassList(str,class) XrmStringToQuarkList((str), (class))

void XrmStringToQuarkListgtring, quarks_return
char *string;
XrmQuarkListquarks_return

string Specifies the string for which a quark list is to be allocated.
guarks_return Returns the list of quarks.

The XrmStringToQuarkList function converts the null-terminated string (generally a fully qual-
ified name) to a list of quarks. Note that the string must be in the valid ResourceName format
(see section 15.1). If the string is not in the Host Portable Character Encoding, the conversion is
implementation dependent.

A binding list is a list of typeXrmBindingList and indicates if components of name or class lists
are bound tightly or loosely (that is, if wildcarding of intermediate components is specified).

typedef enum {XrmBindTightly, XrmBindLoosely} XrmBinding, *XrmBindingList;

XrmBindTightly indicates that a period separates the components{ramgindLoosely indi-
cates that an asterisk separates the components.

To convert a string with one or more components to a binding list and a quark list, use
XrmStringToBindingQuarkList .

XrmStringToBindingQuarkListgtring, bindings_returnquarks_return
char *string;
XrmBindingListbindings_return
XrmQuarkListquarks_return

string Specifies the string for which a quark list is to be allocated.

bindings_return
Returns the binding list. The caller must allocate sufficient space for the binding
list before callingXrmStringToBindingQuarkList .

quarks_return Returns the list of quarks. The caller must allocate sufficient space for the quarks
list before callingXrmStringToBindingQuarkList .

Component names in the list are separated by a period or an asterisk character. The string must
be in the format of a valid ResourceName (see section 15.1). If the string does not start with a
period or an asterisk, a tight binding is assumed. For example, the string “*a.b*c” becomes:

guarks: a b o
bindings: loose tight loose

15.4. Creating and Storing Databases

A resource database is an opaque tyfseyDatabase. Each database value is stored inxam-
Value structure. This structure consists of a size, an address, and a representation type. The size
is specified in bytes. The representation type is a way for you to store data tagged by some
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application-defined type (for example, the strings “font” or “color”). It has nothing to do with
the C data type or with its class. THKemValue structure is defined as:

typedef struct {
unsigned int size;
XPointer addr;

} XrmValue, *XrmValuePtr;

To initialize the resource manager, ugeninitialize .

void Xrmlnitialize ();

To retrieve a database from disk, d@enGetFileDatabase.

XrmDatabase XrmGetFileDataba$itsname
char *filename

filename Specifies the resource database file name.

The XrmGetFileDatabase function opens the specified file, creates a new resource database, and
loads it with the specifications read in from the specified file. The specified file should contain a
sequence of entries in valid ResourceLine format (see section 15.1); the database that results from
reading a file with incorrect syntax is implementation dependent. The file is parsed in the current
locale, and the database is created in the current locale. If it cannot open the specified file,
XrmGetFileDatabasereturns NULL.

To store a copy of a database to disk, smPutFileDatabase.

void XrmPutFileDatabase@tabasestored_db
XrmDatabaselatabase
char *stored_dh

database Specifies the database that is to be used.
stored_db Specifies the file name for the stored database.

The XrmPutFileDatabase function stores a copy of the specified database in the specified file.
Text is written to the file as a sequence of entries in valid ResourceLine format (see section 15.1).
The file is written in the locale of the database. Entries containing resource names that are not in
the Host Portable Character Encoding or containing values that are not in the encoding of the
database locale, are written in an implementation dependent manner. The order in which entries
are written is implementation dependent. Entries with representation types other than “String”
are ignored.

To obtain a pointer to the screen independent resources of a display, use
XResourceManagerString
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char *XResourceManagerStringjsplay)
Display *display;,

display Specifies the connection to the X server.

The XResourceManagerStringfunction returns the RESOURCE_MANAGER property from

the server’s root window of screen zero, which was returned when the connection was opened
using XOpenDisplay. The property is converted from type STRING to the current locale. The
conversion is identical to that producedXmbTextPropertyToTextList for a single element
STRING property. The returned string is owned by Xlib and should not be freed by the client.
The property value must be in a format that is acceptaeni@setStringDatabase. If no

property exists, NULL is returned.

To obtain a pointer to the screen-specific resources of a screetSasenResourceString

char *XScreenResourceStrirgpfeer)
Screen $creen

screen Specifies the screen.

The XScreenResourceStringunction returns the SCREEN_RESOURCES property from the

root window of the specified screen. The property is converted from type STRING to the current
locale. The conversion is identical to that produce&impbTextPropertyToTextList for a sin-

gle element STRING property. The property value must be in a format that is acceptable to
XrmGetStringDatabase. If no property exists, NULL is returned. The caller is responsible for
freeing the returned string by usiXdrree.

To create a database from a string, Xe@GetStringDatabase.

XrmDatabase XrmGetStringDatabada{a)
char "data;

data Specifies the database contents using a string.

The XrmGetStringDatabase function creates a new database and stores the resources specified

in the specified null-terminated stringrmGetStringDatabase is similar toXrmGetFile-
Databaseexcept that it reads the information out of a string instead of out of a file. The string
should contain a sequence of entries in valid ResourceLine format (see section 15.1) terminated
by a null character; the database that results from using a string with incorrect syntax is imple-
mentation dependent. The string is parsed in the current locale, and the database is created in the
current locale.

To obtain locale name of a database, XisaLocaleOfDatabase.
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char *XrmLocaleOfDatabasdatabas¢
XrmDatabas&latabase

database Specifies the resource database.
The XrmLocaleOfDatabase function returns the name of the locale bound to the specified
database, as a null-terminated string. The returned locale name string is owned by Xlib and

should not be modified or freed by the client. Xlib is not permitted to free the string until the
database is destroyed. Until the string is freed, it will not be modified by Xlib.

To destroy a resource database and free its allocated memoKrmBestroyDatabase
void XrmDestroyDatabaseétabasg

XrmDatabasa@latabase

database Specifies the resource database.
If database is NULLXrmDestroyDatabasereturns immediately.
To associate a resource database with a displayms8etDatabase

void XrmSetDatabasel{splay, databas¢
Display *display,
XrmDatabaselatabase

display Specifies the connection to the X server.
database Specifies the resource database.

The XrmSetDatabasefunction associates the specified resource database (or NULL) with the
specified display. The database previously associated with the display (if any) is not destroyed.
A client or toolkit may find this function convenient for retaining a database once it is con-
structed.

To get the resource database associated with a displayrmsgetDatabase.

XrmDatabase XrmGetDatabaskgplay)
Display *display;,

display Specifies the connection to the X server.

The XrmGetDatabase function returns the database associated with the specified display. It
returns NULL if a database has not yet been set.

15.5. Merging Resource Databases
To merge the contents of a resource file into a databas&rmsgombineFileDatabase
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Status XrmCombineFileDatabafisgnametarget_db override)
char *filename
XrmDatabase target_dh
Bool override

filename Specifies the resource database file name.
target_db Specifies the resource database into which the source database is to be merged.

The XrmCombineFileDatabasefunction merges the contents of a resource file into a database.

If the same specifier is used for an entry in both the file and the database, the entry in the file will
replace the entry in the database if overridérige ; otherwise, the entry in the file is discarded.

The file is parsed in the current locale. If the file cannot be read, a zero status is returned; other-
wise, a nonzero status is returned. If target_db contains NMirthCombineFileDatabasecre-

ates and returns a new database to it. Otherwise, the database pointed to by target_db is not
destroyed by the merge. The database entries are merged without changing values or types,
regardless of the locale of the database. The locale of the target database is not modified.

To merge the contents of one database into another databaXem@embineDatabase

void XrmCombineDatabass¢urce_dbtarget db override)
XrmDatabaseource_db*target_dh
Bool override

source_db Specifies the resource database that is to be merged into the target database.

target_db Specifies the resource database into which the source database is to be merged.
override Specifies whether source entries override target ones.

The XrmCombineDatabasefunction merges the contents of one database into another. If the

same specifier is used for an entry in both databases, the entry in the source_db will replace the
entry in the target_db if override Tsue ; otherwise, the entry in source_db is discarded. If tar-

get_db contains NULLXrmCombineDatabasesimply stores source_db in it. Otherwise,

source_db is destroyed by the merge, but the database pointed to by target_db is not destroyed.
The database entries are merged without changing values or types, regardless of the locales of the
databases. The locale of the target database is hot modified.

To merge the contents of one database into another database with override semantics, use
XrmMergeDatabases

void XrmMergeDatabasesgurce dbtarget db
XrmDatabaseource _db*target _dhb

source_db Specifies the resource database that is to be merged into the target database.
target_db Specifies the resource database into which the source database is to be merged.

Calling theXrmMergeDatabasesfunction is equivalent to calling théermCombineDatabase
function with an override argument @fue.
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15.6. Looking Up Resources

To retrieve a resource from a resource databaseXnms€etResource, XrmQGetResource, or
XrmQGetSearchResource

Bool XrmGetResourcafatabasestr _namestr_classstr_type returnvalue_return
XrmDatabaselatabase
char *str_name
char *str_class
char **str_type_return
XrmValue *value_return

database Specifies the database that is to be used.
str_name Specifies the fully qualified name of the value being retrieved (as a string).
str_class Specifies the fully qualified class of the value being retrieved (as a string).

str_type_return
Returns the representation type of the destination (as a string).

value_return Returns the value in the database.

Bool XrmQGetResourcaatabasequark _namequark_classquark_type_returpvalue_returr)
XrmDatabaselatabase
XrmNamelListquark_name
XrmClassListquark_class
XrmRepresentationquark_type_return
XrmValue *value_return

database Specifies the database that is to be used.
qguark_name Specifies the fully qualified name of the value being retrieved (as a quark).
guark _class Specifies the fully qualified class of the value being retrieved (as a quark).

quark_type_return
Returns the representation type of the destination (as a quark).

value_return Returns the value in the database.

The XrmGetResource and XrmQGetResource functions retrieve a resource from the specified
database. Both take a fully qualified name/class pair, a destination resource representation, and
the address of a value (size/address pair). The value and returned type point into database mem-
ory; therefore, you must not modify the data.

The database only frees or overwrites entrieXionPutResource, XrmQPutResource, or
XrmMergeDatabases A client that is not storing new values into the database or is not merging
the database should be safe using the address passed back at any time until it exits. If a resource
was found, botiKrmGetResource and XrmQGetResource return True ; otherwise, they return

False.

Most applications and toolkits do not make random probes into a resource database to fetch
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resources. The X toolkit access pattern for a resource database is quite stylized. A series of from
1 to 20 probes are made with only the last name/class differing in each prob¥rniGetRe-
sourcefunction is at worst a"2algorithm, where is the length of the name/class list. This can

be improved upon by the application programmer by prefetching a list of database levels that
might match the first part of a name/class list.

To obtain a list of database levels, ddenQGetSearchList.

typedef XrmHashTable *XrmSearchList;

Bool XrmQGetSearchListfatabasenamesclasseslist_return, list_length
XrmDatabaselatabase
XrmNameListnames
XrmClassListclasses
XrmSearchListist_return;

int list_length
database Specifies the database that is to be used.
names Specifies a list of resource names.
classes Specifies a list of resource classes.

list_return Returns a search list for further use. The caller must allocate sufficient space for
the list before callingkrmQGetSearchList.

list_length Specifies the number of entries (not the byte size) allocated for list_return.

The XrmQGetSearchList function takes a list of names and classes and returns a list of database
levels where a match might occur. The returned list is in best-to-worst order and uses the same
algorithm asXrmGetResource for determining precedence. If list_return was large enough for

the search listKrmQGetSearchList returnsTrue ; otherwise, it returngalse.

The size of the search list that the caller must allocate is dependent upon the number of levels and
wildcards in the resource specifiers that are stored in the database. The worst case fgngth is 3
wheren is the number of name or class components in names or classes.

When using<rmQGetSearchList followed by multiple probes for resources with a common
name and class prefix, only the common prefix should be specified in the name and class list to
XrmQGetSearchList.

To search resource database levels for a given resourcérragisetSearchResource
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Bool Xr mQGetSearchResourdis{, name class type_returnvalue_return
XrmSearchListist;
XrmNamename
XrmClassclass
XrmRepresentationtype_return
XrmValue *value_return

list Specifies the search list returnedXymQGetSearchList.
name Specifies the resource name.
class Specifies the resource class.

type_return  Returns data representation type.
value_return Returns the value in the database.

The XrmQGetSearchResourcefunction searches the specified database levels for the resource
that is fully identified by the specified name and class. The search stops with the first match.
XrmQGetSearchResourcereturnsTrue if the resource was found; otherwise, it retulRasse.

A call to XrmQGetSearchList with a name and class list containing all but the last component
of a resource name followed by a calomQGetSearchResourcewith the last component
name and class returns the same database erXrynddetResource and XrmQGetResource

with the fully qualified name and class.

15.7. Storing Into a Resource Database

To store resources into the database XrsePutResource or XrmQPutResource. Both func-
tions take a partial resource specification, a representation type, and a value. This value is copied
into the specified database.

void XrmPutResourcealatabasespecifier type value)
XrmDatabase database
char *specifier,
char *type;
XrmValue *value;
database Specifies the resource database.
specifier Specifies a complete or partial specification of the resource.
type Specifies the type of the resource.

value Specifies the value of the resource, which is specified as a string.

If database contains NULIXrmPutResource creates a new database and returns a pointer to it.
XrmPutResource is a convenience function that caksmStringToBindingQuarkList fol-
lowed by:

XrmQPutResource(database, bindings, quarks, XrmStringToQuark(type), value)

If the specifier and type are not in the Host Portable Character Encoding, the result is implemen-
tation dependent. The value is stored in the database without modification.
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void XrmQPutResourcelatabasebindings quarks type value)
XrmDatabase database
XrmBindingList bindings
XrmQuarkListquarks
XrmRepresentatiotype;
XrmValue *value,

database Specifies the resource database.

bindings Specifies a list of bindings.

guarks Specifies the complete or partial name or the class list of the resource.
type Specifies the type of the resource.

value Specifies the value of the resource, which is specified as a string.

If database contains NULIXrmQPutResource creates a new database and returns a pointer to

it. If a resource entry with the identical bindings and quarks already exists in the database, the
previous type and value are replaced by the new specified type and value. The value is stored in
the database without modification.

To add a resource that is specified as a stringXus@utStringResource.

void XrmPutStringResourceatabasespecifier value)
XrmDatabase database
char *specifier,
char *value;

database Specifies the resource database.

specifier Specifies a complete or partial specification of the resource.
value Specifies the value of the resource, which is specified as a string.

If database contains NULIXrmPutStringResource creates a new database and returns a

pointer to it. XrmPutStringResource adds a resource with the specified value to the specified
database XrmPutStringResource is a convenience function that first calanStringToBind-
ingQuarkList on the specifier and then cafsmQPutResource, using a “String” representa-

tion type. If the specifier is not in the Host Portable Character Encoding, the result is implemen-
tation dependent. The value is stored in the database without modification.

To add a string resource using quarks as a specificatioXrog@PutStringResource.
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void XrmQPutStringResourcdétabasebindings quarks value)
XrmDatabase database
XrmBindingList bindings
XrmQuarkListquarks
char alue;

database Specifies the resource database.

bindings Specifies a list of bindings.

guarks Specifies the complete or partial name or the class list of the resource.
value Specifies the value of the resource, which is specified as a string.

If database contains NULIXrmQPutStringResource creates a new database and returns a
pointer to it. XrmQPutStringResource is a convenience routine that constructs<amValue

for the value string (by callingtrlen to compute the size) and then callsnQPutResource,

using a “String” representation type. The value is stored in the database without modification.

To add a single resource entry that is specified as a string that contains both a name and a value,
useXrmPutLineResource.

void XrmPutLineResourcelatabaseline)

XrmDatabase database
char 4ine;
database Specifies the resource database.
line Specifies the resource name and value pair as a single string.

If database contains NULIXrmPutLineResource creates a new database and returns a pointer

to it. XrmPutLineResource adds a single resource entry to the specified database. The line
should be in valid ResourceLine format (see section 15.1) terminated by a newline or null charac-
ter; the database that results from using a string with incorrect syntax is implementation depen-
dent. The string is parsed in the locale of the database. RekeurceNames not in the Host
Portable Character Encoding, the result is implementation dependent. Note that comment lines
are not stored.

15.8. Enumerating Database Entries
To enumerate the entries of a database Xus€EnumerateDatabase
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#define  XrmEnumAllLevels 0
#define  XrmEnumOneLevel 1

Bool XrmEnumerateDatabas#gtabasename_prefixclass_prefixmode proc, arg)
XrmDatabaselatabase
XrmNameListname_prefix
XrmClassListclass_prefix
int mode
Bool (*proc)();
XPointerarg;

database Specifies the resource database.
name_prefix Specifies the resource name prefix.
class_prefix  Specifies the resource class prefix.

mode Specifies the number of levels to enumerate.
proc Specifies the procedure that is to be called for each matching entry.
arg Specifies the user-supplied argument that will be passed to the procedure.

The XrmEnumerateDatabasefunction calls the specified procedure for each resource in the
database that would match some completion of the given name/class resource prefix. The order
in which resources are found is implementation dependent. If mottenEnumOnelevel, a

resource must match the given name/class prefix with just a single name and class appended. If
mode isXrmEnumAllLevels , the resource must match the given name/class prefix with one or
more names and classes appended. If the procedure rétuenghe enumeration terminates

and the function returngrue . If the procedure always returfialse, all matching resources are
enumerated and the function retufradse.

The procedure is called with the following arguments:

(*proc)(databasebindings quarks type value arg)
XrmDatabase database
XrmBindingList bindings
XrmQuarkListquarks
XrmRepresentationtype;
XrmValue *value;
XPointerclosure

The bindings and quarks lists are terminatedNb)LLQUARK . Note that pointers to the
database and type are passed, but these values should not be modified.

The procedure must not modifiy the database. If Xlib has been initialized for threads, the proce-
dure is called with the database locked and the result of a call by the procedure to any Xlib func-
tion using the same database is not defined.

15.9. Parsing Command Line Options

The XrmParseCommand function can be used to parse the command line arguments to a pro-
gram and modify a resource database with selected entries from the command line.
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typedef enum {

XrmoptionNoArg, /* Value is specified in XrmOptionDescRec.value */
XrmoptionlIsArg, [* Value is the option string itself */
XrmoptionStickyArg, /* Value is characters immediately following option */
XrmoptionSepArg, /* Value is next argument in argv */
XrmoptionResArg, /* Resource and value in next argument in argv */
XrmoptionSkipArg, /* 1gnore this option and the next argument in argv */
XrmoptionSkipLine, /* Ignore this option and the rest of argv */
XrmoptionSkipNArgs /* Ignore this option and the next

XrmOptionDescRec.value arguments in argv */
} XrmOptionKind;

Note thatXrmoptionSkipArg is equivalent toXrmoptionSkipNArgs with the XrmOptionDe-
scRec.valu€field containing the value one. Note also that the value zedrfooptionSkip-
NArgs indicates that only the option itself is to be skipped.

typedef struct {
char *option; /* Option specification string in argv  */
char *specifier; /* Binding and resource name (sans application name) */
XrmOptionKind argKind,; /* Which style of option itis */
XPointer value; /* Value to provide if XrmoptionNoArg or

XrmoptionSkipNArgs */
} XrmOptionDescRec, *XrmOptionDescList;

To load a resource database from a C command line{rasearseCommand.

void XrmParseCommandétabase table, table_count name argc_in_out argv_in_ou)
XrmDatabase database
XrmOptionDescListable;
int table_count
char "name
int *argc_in_out
char **argv_in_out

database Specifies the resource database.

table Specifies the table of command line arguments to be parsed.
table_count Specifies the number of entries in the table.

name Specifies the application name.

argc_in_out  Specifies the number of arguments and returns the number of remaining argu-
ments.

argv_in_out  Specifies the command line arguments and returns the remaining arguments.

The XrmParseCommand function parses an (argc, argv) pair according to the specified option
table, loads recognized options into the specified database with type “String,” and modifies the
(argc, argv) pair to reaveall recognized options. If database contains NULL,
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XrmParseCommand creates a new database and returns a pointer to it. Otherwise, entries are
added to the database specified. If a database is created, it is created in the current locale.

The specified table is used to parse the command line. Recognized options in the table are
removed from argv, and entries are added to the specified resource database in the order they
occur in argv. The table entries contain information on the option string, the option name, the
style of option, and a value to provide if the option kinXiisioptionNoArg . The option names

are compared byte-for-byte to arguments in argv, independent of any locale. The resource values
given in the table are stored in the resource database without modification. All resource database
entries are created using a “String” representation type. The argc argument specifies the number
of arguments in argv and is set on return to the remaining number of arguments that were not
parsed. The name argument should be the name of your application for use in building the
database entry. The name argument is prefixed to the resourceName in the option table before
storing a database entry. The name argument is treated as a single component, even if it has
embedded periods. No separating (binding) character is inserted, so the table must contain either
a period (.) or an asterisk (*) as the first character in each resourceName entry. To specify a more
completely qualified resource name, the resourceName entry can contain multiple components. If
the name argument and the resourceNames are not in the Host Portable Character Encoding, the
result is implementation dependent.

The following provides a sample option table:

static XrmOptionDescRec opTable[] = {

{"-background”, "*background", XrmoptionSepArg, (XPointer) NULL},
{"=bd", "*porderColor", XrmoptionSepArg, (XPointer) NULL},
{"-bg", "*packground", XrmoptionSepArg, (XPointer) NULL},
{"-borderwidth", "TopLevelShell.borderWidth", XrmoptionSepArg, (XPointer) NULL},
{"-bordercolor", "*borderColor", XrmoptionSepArg, (XPointer) NULL},
{"-bw", "*TopLevelShell.borderWidth", XrmoptionSepArg, (XPointer) NULL},
{"—display", ".display”, XrmoptionSepArg, (XPointer) NULL},
{"-fg", "*foreground", XrmoptionSepArg, (XPointer) NULL},
{"-fn", "*font", XrmoptionSepArg, (XPointer) NULL},
{"-font", "*font", XrmoptionSepArg, (XPointer) NULL},
{"-foreground”,  "*foreground", XrmoptionSepArg, (XPointer) NULL},
{"-geometry", ".TopLevelShell.geometry", XrmoptionSepArg, (XPointer) NULL},
{"=iconic", ".TopLevelShell.iconic", XrmoptionNoArg, (XPointer) "on"},
{"-name", ".name", XrmoptionSepArg, (XPointer) NULL},
{"-reverse", "*reverseVideao", XrmoptionNoArg, (XPointer) "on"},
{"=rv", "*reverseVideo", XrmoptionNoArg, (XPointer) "on"},
{"=synchronous", "*synchronous", XrmoptionNoArg, (XPointer) "on"},
{"—title", ".TopLevelShell.title", XrmoptionSepArg, (XPointer) NULL},
{"=xrm", NULL, XrmoptionResArg, (XPointer) NULL},

%

In this table, if the —background (or —bg) option is used to set background colors, the stored
resource specifier matches all resources of attribute background. If the —borderwidth option is
used, the stored resource specifier applies only to border width attributes of class TopLevelShell
(that is, outer-most windows, including pop-up windows). If the —title option is used to set a win-
dow name, only the topmost application windows receive the resource.

When parsing the command line, any unique unambiguous abbreviation for an option name in the
table is considered a match for the option. Note that uppercase and lowercase matter.

392



Xlib — C Library X11, Release 6

Chapter 16

Application Utility Functions

Once you have initialized the X system, you can use the Xlib utility functions to:
. Obtain and classify KeySyms

. Allocate permanent storage

. Parse window geometry strings

. Manipulate regions

. Use cut buffers

. Determine the appropriate visual

. Manipulate images

. Manipulate bitmaps

. Use the context manager

As a group, the functions discussed in this chapter provide the functionality that is frequently
needed and that spans toolkits. Many of these functions do not generate actual protocol requests
to the server.

16.1. Keyboard Utility Functions

This section discusses mapping between KeyCodes and KeySyms, classifying KeySyms, and
mapping between KeySyms and string names. The first three functions in this section operate on
a cached copy of the server keyboard mapping. The first four KeySyms for each KeyCode are
modified according to the rules given in section 12.7. To obtain the untransformed KeySyms
defined for a key, use the functions described in section 12.7.

To obtain a KeySym for the KeyCode of an event, XilseokupKeysym.

KeySym XLookupKeysynKey eventindex)
XKeyEvent *key_event
int index
key event Specifies th&KeyPressor KeyReleaseevent.
index Specifies the index into the KeySyms list for the event’s KeyCode.

The XLookupKeysym function uses a given keyboard event and the index you specified to
return the KeySym from the list that corresponds to the KeyCode membe{iKdy®ressedE-
vent or XKeyReleasedEventstructure. If no KeySym is defined for the KeyCode of the event,
XLookupKeysym returnsNoSymbol.

To obtain a KeySym for a specific KeyCode, XdéeycodeToKeysym
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KeySym XKeycodeToKeysynafsplay, keycodeindeX)

Display *display;,

KeyCodekeycode

int index
display Specifies the connection to the X server.
keycode Specifies the KeyCode.
index Specifies the element of KeyCode vector.

The XKeycodeToKeysymfunction uses internal Xlib tables and returns the KeySym defined for
the specified KeyCode and the element of the KeyCode vector. If no symbol is dkesd,
codeToKeysymreturnsNoSymbol.

To obtain a KeyCode for a key having a specific KeySym Xik&eysymToKeycode

KeyCode XKeysymToKeycoddisplay, keysym
Display *display;
KeySymkeysym

display Specifies the connection to the X server.
keysym Specifies the KeySym that is to be searched for.

If the specified KeySym is not defined for any KeyCodikeysymToKeycodereturns zero.

The mapping between KeyCodes and KeySyms is cached internal to Xlib. When this information
is changed at the server, an Xlib function must be called to refresh the cache. To refresh the
stored modifier and keymap information, ugeefreshKeyboardMapping.

XRefreshKeyboardMapping{ent_majp
XMappingEvent £vent_map
event_map  Specifies the mapping event that is to be used.
The XRefreshKeyboardMapping function refreshes the stored modifier and keymap informa-
tion. You usually call this function whenMappingNotify event with a request member of

MappingKeyboard or MappingModifier occurs. The result is to update Xlib’s knowledge of
the keyboard.

To obtain the uppercase and lowercase forms of a KeySyKCasvertCase.
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void XConvertCase{eysymlower_return upper_returr)
KeySymkeysym
KeySym HJower_return
KeySym *upper_return

keysym Specifies the KeySym that is to be converted.

lower_return Returns the lowercase form of keysym, or keysym.
upper_return Returns the uppercase form of keysym, or keysym.

The XConvertCasefunction returns the uppercase and lowercase forms of the specified Keysym,
if the KeySym is subject to case conversion; otherwise, the specified KeySym is returned to both
lower_return and upper_return. Support for conversion of other than Latin and Cyrillic KeySyms
is implementation dependent.

KeySyms have string names as well as numeric codes. To convert the name of the KeySym to the
KeySym code, usgStringToKeysym.

KeySym XStringToKeysymstring)
char *string;

string Specifies the name of the KeySym that is to be converted.

Standard KeySym names are obtained frofi K¥keysymdef.l» by removing the XK_ prefix

from each name. KeySyms that are not part of the Xlib standard also may be obtained with this
function. The set of KeySyms that are available in this manner and the mechanisms by which
Xlib obtains them is implementation dependent.

If the KeySym name is not in the Host Portable Character Encoding, the result is implementation
dependent. If the specified string does not match a valid Key&gmingToKeysym returns
NoSymbol.

To convert a KeySym code to the name of the KeySymX#sysymToString.

char *XKeysymToStringkeysyn
KeySymkeysym

keysym Specifies the KeySym that is to be converted.
The returned string is in a static area and must not be modified. The returned string is in the Host

Portable Character Encoding. If the specified KeySym is not defifiéelysymToString returns
a NULL.

16.1.1. KeySym Classification Macros

You may want to test if a KeySym is, for example, on the keypad or on one of the function keys.
You can use KeySym macros to perform the following tests.
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IsCursorKey keysym
keysym Specifies the KeySym that is to be tested.

ReturnsTrue if the specified KeySym is a cursor key.

IsFunctionKey keysynm
keysym Specifies the KeySym that is to be tested.

ReturnsTrue if the specified KeySym is a function key.

IsKeypadKey keysym
keysym Specifies the KeySym that is to be tested.

ReturnsTrue if the specified KeySym is a standard keypad key.

IsPrivateKeypadKeykeysym
keysym Specifies the KeySym that is to be tested.

ReturnsTrue if the specified KeySym is a vendor-private keypad key.

IsMiscFunctionKeykeysym
keysym Specifies the KeySym that is to be tested.

ReturnsTrue if the specified KeySym is a miscellaneous function key.

IsModifierKey (keysym
keysym Specifies the KeySym that is to be tested.

ReturnsTrue if the specified KeySym is a modifier key.

IsPFKey keysym
keysym Specifies the KeySym that is to be tested.

ReturnsTrue if the specified KeySym is a PF key.
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16.2. Latin-1 Keyboard Event Functions

Chapter 13 describes internationalized text input facilities, but sometimes it is expedient to write
an application that only deals with Latin-1 characters and ASCII controls, so Xlib provides a sim-
ple function for that purposeXLookupString handles the standard modifier semantics

described in section 12.7. This function does not use any of the input method facilities described
in chapter 13 and does not depend on the current locale.

To map a key event to an ISO Latin-1 string, ¥&®@okupString .

int XLookupStringevent_strugtbuffer_return bytes_bufferkeysym_returystatus_in_out
XKeyEvent *event_struct
char *buffer_return
int bytes_buffer
KeySym *keysym_return
XComposeStatusstatus_in_out

event_struct Specifies the key event structure to be used. You can{iesgPressedEvent
or XKeyReleasedEvent

buffer_return Returns the translated characters.

bytes buffer Specifies the length of the buffer. No more than bytes_buffer of translation are
returned.

keysym_returnReturns the KeySym computed from the event if this argument is not NULL.
status_in_out Specifies or returns théComposeStatusstructure or NULL.

The XLookupString function translates a key event to a KeySym and a string. The KeySym is
obtained by using the standard interpretation of3hit, Lock, group, and numlock modifiers

as defined in the X Protocol specification. If the KeySym has been rebound (see
XRebindKeysym), the bound string will be stored in the buffer. Otherwise, the KeySym is
mapped, if possible, to an ISO Latin-1 character or (if the Control modifier is on) to an ASCII
control character, and that character is stored in the buflesokupString returns the number

of characters that are stored in the buffer.

If present (non-NULL), theXComposeStatusstructure records the state, which is private to
Xlib, that needs preservation across callXkmokupString to implement compose processing.
The creation oXComposeStatusstructures is implementation dependent; a portable program
must pass NULL for this argument.

XLookupString depends on the cached keyboard information mentioned in the previous section,
so it is necessary to ugdRefreshKeyboardMapping to keep this information up-to-date.

To rebind the meaning of a KeySym f8LookupString , use XRebindKeysym.
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XRebindKeysymdisplay, keysymlist, mod_countstring, num_byte¥
Display *display;,
KeySymkeysym
KeySymlist[];
int mod_count
unsigned charstring;
int num_bytes

display Specifies the connection to the X server.
keysym Specifies the KeySym that is to be rebound.
list Specifies the KeySyms to be used as modifiers.

mod_count  Specifies the number of modifiers in the maodifier list.
string Specifies the string that is copied and will be returne¥lbyokupString .
num_bytes  Specifies the number of bytes in the string argument.

The XRebindKeysym function can be used to rebind the meaning of a KeySym for the client. It
does not redefine any key in the X server but merely provides an easy way for long strings to be
attached to keysXLookupString returns this string when the appropriate set of modifier keys

are pressed and when the KeySym would have been used for the translation. No text conversions
are performed; the client is responsible for supplying appropriately encoded strings. Note that
you can rebind a KeySym that may not exist.

16.3. Allocating Permanent Storage
To allocate some memory you will never give back, Xipermalloc.

char *Xpermallocéize
unsigned insize

The Xpermalloc function allocates storage that can never be freed for the life of the program.
The memory is allocated with alignment for the C type double. This function may provide some
performance and space savings over the standard operating system memory allocator.

16.4. Parsing the Window Geometry
To parse standard window geometry strings, XiBarseGeometry,.
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int XParseGeometryp@rsestring X_return, y_return, width_return height_returp
char *parsestring
int *x_return, *y_return;
unsigned int vidth_return *height_return

parsestring  Specifies the string you want to parse.
X_return

y_return Return the x and y offsets.

width_return

height_return Return the width and height determined.

By convention, X applications use a standard string to indicate window size and placement.
XParseGeometrymakes it easier to conform to this standard because it allows you to parse the
standard window geometry. Specifically, this function lets you parse strings of the form:

[Ell<width>{xX}< height][{+-}< xoffseb{+-}< yoffset]

The fields map into the arguments associated with this function. (Items enclosed in <> are inte-
gers, items in [] are optional, and items enclosed in {} indicate “choose one of.” Note that the
brackets should not appear in the actual string.) If the string is not in the Host Portable Character
Encoding, the result is implementation dependent.

The XParseGeometryfunction returns a bitmask that indicates which of the four values (width,
height, xoffset, and yoffset) were actually found in the string and whether the x and y values are
negative. By convention, -0 is not equal to +0, because the user needs to be able to say “position
the window relative to the right or bottom edge.” For each value found, the corresponding argu-
ment is updated. For each value not found, the argument is left unchanged. The bits are repre-
sented byXValue, YValue, WidthValue , HeightValue, XNegative, or YNegative and are

defined in «X11/Xutil.h>. They will be set whenever one of the values is defined or one of the
signs is set.

If the function returns either théValue or YValue flag, you should place the window at the
requested position.

To construct a window’s geometry information, 06&/MGeometry .
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int XWMGeometry display, screenuser_geomdef _geombwidth, hints x_return y_return
width_return height_returngravity_return
Display *display;
int screen
char *‘user_geom
char *def_geom
unsigned inbwidth;
XSizeHints Hints;
int *x_return *y_return;
int *width_return
int *height_return
int *gravity_return

display Specifies the connection to the X server.
screen Specifies the screen.

user_geom  Specifies the user-specified geometry or NULL.
def_geom Specifies the application’s default geometry or NULL.

bwidth Specifies the border width.

hints Specifies the size hints for the window in its normal state.
X_return

y_return Return the x and y offsets.

width_return
height_return Return the width and height determined.
gravity_return Returns the window gravity.

The XWMGeometry function combines any geometry information (given in the format used by
XParseGeometry) specified by the user and by the calling program with size hints (usually the
ones to be stored in WM_NORMAL_HINTS) and returns the position, size, and gravity
(NorthWestGravity , NorthEastGravity , SouthEastGravity, or SouthWestGravity) that

describe the window. If the base size is not set itBzeHints structure, the minimum size is

used if set. Otherwise, a base size of zero is assumed. If no minimum size is set in the hints
structure, the base size is used. A mask (in the form return¥®agseGeometry) that

describes which values came from the user specification and whether or not the position coordi-
nates are relative to the right and bottom edges is returned. Note that these coordinates will have
already been accounted for in the x_return and y_return values.

Note that invalid geometry specifications can cause a width or height of zero to be returned. The
caller may pass the address of the hints win_gravity field as gravity_return to update the hints
directly.

16.5. Manipulating Regions

Regions are arbitrary sets of pixel locations. Xlib provides functions for manipulating regions.
The opaque typ&egionis defined in X11/Xutil.h>. Xlib provides functions that you can use
to manipulate regions. This section discusses how to:

. Create, copy, or destroy regions
. Move orshrink regions
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. Compute with regions
. Determine if regions are empty or equal
. Locate a point or rectangle in a region

16.5.1. Creating, Copying, or Destroying Regions
To create a new empty region, Us€reateRegion

Region XCreateRegion ()

To generate a region from a polygon, ddolygonRegion

Region XPolygonRegiorppints, n, fill_rule)
XPointpoints[];

intn;
int fill_rule;
points Specifies an array of points.
n Specifies the number of points in the polygon.
fill_rule Specifies the fill-rule you want to set for the specified GC. You canEass

OddRule or WindingRule.

The XPolygonRegionfunction returns a region for the polygon defined by the points array. For
an explanation of fill_rule, se¢CreateGC.

To set the clip-mask of a GC to a region, X&etRegion

XSetRegiondisplay, gc, r)

Display *display,

GCggc;

Regionr;
display Specifies the connection to the X server.
gc Specifies the GC.
r Specifies the region.

The XSetRegionfunction sets the clip-mask in the GC to the specified region. The region is
specified relative to the drawable’s origin. The resulting GC clip origin is implementation depen-
dent. Once itis setin the GC, the region can be destroyed.

To deallocate the storage associated with a specified regioKDesgroyRegion
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XDestroyRegionK)
Regionr;

r Specifies the region.

16.5.2. Moving or Shrinking Regions
To move a rgion by a specified amount, ux©ffsetRegion.

XOffsetRegion(, dx, dy)

Regionr;
int dx, dy;
r Specifies the region.
dx
dy Specify the x and y coordinates, which define the amount you wartvi time

specified region.

To reduce a region by a specified amount, XSarinkRegion.

XShrinkRegion ¢, dx, dy)

Regionr;
int dx, dy;
r Specifies the region.
dx
dy Specify the x and y coordinates, which define the amount you want to shrink the

specified region.

Positive values shrink the size of the region, and negative values expand the region.

16.5.3. Computing with Regions
To generate the smallest rectangle enclosing a regiorX CigeBox .

XClipBox(r, rect_return)
Regionr;
XRectangle tect_return

r Specifies the region.
rect_return Returns the smallest enclosing rectangle.

The XClipBox function returns the smallest rectangle enclosing the specified region.

To compute the intersection of two regions, X$etersectRegion.

402



Xlib — C Library X11, Release 6

XlntersectRegiondra, srb, dr_return)
Regionsra, srb, dr_return;

sra
srb Specify the two regions with which you want to perform the computation.
dr_return Returns the result of the computation.

To compute the union of two regions, u§gnionRegion.

XUnionRegion éra, srb, dr_return)
Regionsra, srb, dr_return;

sra
srb Specify the two regions with which you want to perform the computation.
dr_return Returns the result of the computation.

To create a union of a source region and a rectangleWismnRectWithRegion.

XUnionRectWithRegionrectangle src_region dest_region_returh
XRectangle tectangle
Regionsrc_region
Regiondest_region_return

rectangle Specifies the rectangle.

src_region Specifies the source region to be used.

dest_region_return
Returns the destination region.

The XUnionRectWithRegion function updates the destination region from a union of the speci-
fied rectangle and the specified source region.

To subtract two regions, us€SubtractRegion.

XSubtractRegiongra, srb, dr_return)
Regionsra, srb, dr_return;

sra
srb Specify the two regions with which you want to perform the computation.
dr_return Returns the result of the computation.

The XSubtractRegion function subtracts srb from sra and stores the results in dr_return.

To calculate the difference between the union and intersection of two regioné{aigeegion.
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XXorRegion (sra, srb, dr_return)
Regionsra, srb, dr_return;

sra
srb Specify the two regions with which you want to perform the computation.
dr_return Returns the result of the computation.

16.5.4. Determining if Regions Are Empty or Equal
To determine if the specified region is empty, X&mptyRegion.

Bool XEmptyRegion()
Regionr;

r Specifies the region.
The XEmptyRegion function returnsTrue if the region is empty.
To determine if two regions have the same offset, size, and shap&-qsalRegion.

Bool XEqualRegioni(1, r2)
Regionrl, r2;

ri
r2 Specify the two regions.

The XEqualRegion function returnsTrue if the two regions have the same offset, size, and
shape.

16.5.5. Locating a Point or a Rectangle in a Region
To determine if a specified point resides in a specified regiorXRsmtinRegion.

Bool XPointinRegion(, X, y)
Regionr;
intx,y;

r Specifies the region.

L Specify the x and y coordinates, which define the point.
The XPointinRegion function returnslrue if the point (x, y) is contained in the region r.

To determine if a specified rectangle is inside a regionX&actinRegion.
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int XRectinRegion(, x, y, width, heigh)
Regionr;
intx,y;
unsigned intvidth, height,

r Specifies the region.

Specify the x and y coordinates, which define the coordinates of the upper-left
corner of the rectangle.

width
height Specify the width and height, which define the rectangle .

The XRectIinRegion function returnRectangleln if the rectangle is entirely in the specified
region, RectangleOutif the rectangle is entirely out of the specified region, RedtanglePart
if the rectangle is partially in the specified region.

16.6. Using Cut Buffers

Xlib provides functions to manipulate cut buffers, a very simple form of cut and paste inter-client
communication. Selections are a much more powerful and useful mechanism for interchanging
data between clients (see section 4.5), and generally should be used instead of cut buffers.

Cut buffers are implemented as properties on the first root window of the display. The buffers can
only contain text, in the STRING encoding. The text encoding is not changed by Xlib when
fetching or storing. Eight buffers are provided and can be accessed as a ring or as explicit buffers
(numbered 0 through 7).

To store data in cut buffer 0, uX&toreBytes.

XStoreBytesdlisplay, bytes nbyteg
Display *display;
char *bytes
int nbytes
display Specifies the connection to the X server.
bytes Specifies the bytes, which are not necessarily ASCII or null-terminated.

nbytes Specifies the number of bytes to be stored.
The data can have embedded null characters and need not be null-terminated. The cut buffer’'s
contents can be retrieved later by any client caliikgtchBytes.

XStoreBytescan generate BadAlloc error.

To store data in a specified cut buffer, X&toreBuffer.
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XStoreBuffer display, bytes nbytes buffer)

Display *display;,
char *bytes
int nbytes
int buffer,
display Specifies the connection to the X server.
bytes Specifies the bytes, which are not necessarily ASCII or null-terminated.
nbytes Specifies the number of bytes to be stored.
buffer Specifies the buffer in which you want to store the bytes.

If an invalid buffer is specified, the call has no effect. The data can have embedded null charac-
ters and need not be null-terminated.

XStoreBuffer can generate BadAlloc error.
To return data from cut buffer 0, uXé&etchBytes.

char *XFetchBytesdisplay, nbytes_returip

Display *display;

int *nbytes_return
display Specifies the connection to the X server.
nbytes_return Returns the number of bytes in the buffer.

The XFetchBytesfunction returns the number of bytes in the nbytes_return argument, if the

buffer contains data. Otherwise, the function returns NULL and sets nbytes to 0. The appropriate
amount of storage is allocated and the pointer returned. The client must free this storage when
finished with it by callingXFree.

To return data from a specified cut buffer, X$eetchBuffer.

char *XFetchBuffer{lisplay, nbytes_returnbuffer)
Display *display,
int *nbytes_return
int buffer,
display Specifies the connection to the X server.
nbytes_return Returns the number of bytes in the buffer.
buffer Specifies the buffer from which you want the stored data returned.

The XFetchBuffer function returns zero to the nbytes_return argument if there is no data in the
buffer or if an invalid buffer is specified.

To rotate the cut buffers, uséRotateBuffers.
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XRotateBuffersdisplay, rotate)

Display *display;,
int rotate;
display Specifies the connection to the X server.
L rotate Specifies how much to rotate the cut buffers.

The XRotateBuffers function rotates the cut buffers, such that buffer 0 becomes buffer n, buffer
1 becomes n + 1 mod 8, and so on. This cut buffer numbering is global to the display. Note that
XRotateBuffers generateBadMatch errors if any of the eight buffers have not been created.

16.7. Determining the Appropriate Visual Type

A single display can support multiple screens. Each screen can have several different visual types
supported at different depths. You can use the functions described in this section to determine
which visual to use for your application.

The functions in this section use the visual information masks arXMiseallnfo structure,
which is defined in X11/Xutil.h> and contains:

‘ /* Visual information mask bits */

#define  VisualNoMask 0x0
#define  VisuallDMask Ox1
#define  VisualScreenMask 0x2
#define  VisualDepthMask 0x4
#define  VisualClassMask 0x8
#define  VisualRedMaskMask 0x10
#define  VisualGreenMaskMask 0x20
#define  VisualBlueMaskMask 0x40
#define  VisualColormapSizeMask 0x80
#define  VisualBitsPerRGBMask 0x100
#define  VisualAllMask Ox1FF
/* Values */

typedef struct {

Visual *visual;
VisuallD visualid;
int screen;
unsigned int depth;
int class;
unsigned long red_mask;
unsigned long green_mask;
unsigned long blue_mask;
int colormap_size;
int bits_per_rgb;
} XVisuallnfo;

|

To obtain a list of visual information structures that match a specified template, use
XGetVisuallnfo .

407



Xlib — C Library X11, Release 6

XVisuallnfo *XGetVisuallnfo display, vinfo_maskvinfo_templatenitems_return
Display *display;,
longvinfo_mask
XVisuallnfo *vinfo_template
int *nitems_return

display Specifies the connection to the X server.
vinfo_mask  Specifies the visual mask value.

vinfo_templateSpecifies the visual attributes that are to be used in matching the visual structures.
nitems_return Returns the number of matching visual structures.

The XGetVisuallnfo function returns a list of visual structures that have attributes equal to the
attributes specified by vinfo_template. If no visual structures match the template using the speci-
fied vinfo_maskXGetVisuallnfo returns a NULL. To free the data returned by this function,
useXFree.

To obtain the visual information that matches the specified depth and class of the screen, use
XMatchVisuallnfo .

Status XMatchVisuallnfodisplay, screendepth class vinfo_return)

Display *display;
int screen
int depth
int class
XVisuallnfo *vinfo_return
display Specifies the connection to the X server.
screen Specifies the screen.
depth Specifies the depth of the screen.
class Specifies the class of the screen.

vinfo_return  Returns the matched visual information.

The XMatchVisuallnfo function returns the visual information for a visual that matches the
specified depth and class for a screen. Because multiple visuals that match the specified depth
and class can exist, the exact visual chosen is undefined. If a visual isXddaidhVisuallnfo
returns nonzero and the information on the visual to vinfo_return. Otherwise, when a visual is
not found,XMatchVisuallnfo returns zero.

16.8. Manipulating Images

Xlib provides several functions that perform basic operations on images. All operations on
images are defined using Xfmage structure, as defined iXd 1/Xlib.h>. Because the number

of different types of image formats can be very large, this hides details of image storage properly
from applications.

This section describes the functions for generic operations on images. Manufacturers can provide
very fast implementations of these for the formats frequently encountered on their hardware.
These functions are neither sufficient nor desirable to use for general image processing. Rather,
they are here to provide minimal functions on screen format images. The basic operations for
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getting and putting images axX&etimage and XPutimage.
Note that no functions have been defined, as yet, to read and write images to and from disk files.

The Xlmage structure describes an image as it exists in the client's memory. The user can
request that some of the members such as height, width, and xoffset be changed when the image
is sent to the server. Note that bytes_per_line in concert with offset can be used to extract a sub-
set of the image. Other members (for example, byte order, bitmap_unit, and so forth) are charac-
teristics of both the image and the server. If these members differ between the image and the
server,XPutlmage makes the appropriate conversions. The first byte of the first line of plane n
must be located at the address (data + (n * height * bytes_per_line)). For a description of the
XImage structure, see section 8.7.

To allocate arXlmage structure and initialize it with image format values from a display, use
XCreatelmage.

Xlmage *XCreatelmagelisplay, visual depth format, offset data, width, height, bitmap_pad
bytes per_ling
Display *display;,
Visual *visual;
unsigned indepth
int format;
int offset
char "data;
unsigned intvidth;
unsigned inteight
int bitmap_pad
int bytes_per_line

display Specifies the connection to the X server.

visual Specifies thé/isual structure.

depth Specifies the depth of the image.

format Specifies the format for the image. You can pgg8itmap , XYPixmap, or
ZPixmap.

offset Specifies the number of pixels to ignore at the beginning of the scanline.

data Specifies the image data.

width Specifies the width of the image, in pixels.

height Specifies the height of the image, in pixels.

bitmap_pad Specifies the quantum of a scanline (8, 16, or 32). In other words, the start of one
scanline is separated in client memory from the start of the next scanline by an
integer multiple of this many bits.

bytes_per_lineSpecifies the number of bytes in the client image between the start of one scan-
line and the start of the next.

The XCreatelmage function allocates the memory needed foixdmage structure for the spec-

ified display but does not allocate space for the image itself. Rather, it initializes the structure
byte-order, bit-order, and bitmap-unit values from the display and returns a pointexiothe
agestructure. The red, green, and blue mask values are defined for Z format images only and are
derived from theVisual structure passed in. Other values also are passed in. The offset permits
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the rapid displaying of the image without requiring each scanline to be shifted into position. If
you pass a zero value in bytes_per_line, Xlib assumes that the scanlines are contiguous in mem-
ory and calculates the value of bytes_per_line itself.

Note that when the image is created usfi@reatelmage, XGetimage, or XSublmage, the
destroy procedure that théDestroylmage function calls frees both the image structure and the
data pointed to by the image structure.

The basic functions used to get a pixel, set a pixel, create a subimage, and add a constant value to
an image are defined in the image object. The functions in this section are really macro invoca-
tions of the functions in the image object and are defineXiriAXutil.h>.

To obtain a pixel value in an image, us&etPixel.

unsigned long XGetPixek{mage X, y)
XImage *image

int x;
inty;
ximage Specifies the image.
X
y Specify the x and y coordinates.

The XGetPixel function returns the specified pixel from the named image. The pixel value is
returned in normalized format (that is, the least-significant byte of the long is the least-significant
byte of the pixel). The image must contain the x and y coordinates.

To set a pixel value in an image, UsButPixel.

XPutPixel kimage x, y, pixel)
Xlmage *ximage

int X;
inty;
unsigned longpixel;
ximage Specifies the image.
X
y Specify the x and y coordinates.
pixel Specifies the new pixel value.

The XPutPixel function overwrites the pixel in the named image with the specified pixel value.
The input pixel value must be in normalized format (that is, the least-significant byte of the long
is the least-significant byte of the pixel). The image must contain the x and y coordinates.

To create a subimage, us&ublmage.
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Xlmage *XSublmageXimage x, y, subimage_widthsubimage_height
XImage *image
int X;
inty;
unsigned insubimage_width
unsigned insubimage_height

Ximage Specifies the image.
X
y Specify the x and y coordinates.

subimage_width
Specifies the width of the new subimage, in pixels.

subimage_height
Specifies the height of the new subimage, in pixels.

The XSublmage function creates a new image that is a subsection of an existing one. It allocates
the memory necessary for the n#ivnage structure and returns a pointer to the new image. The
data is copied from the source image, and the image must contain the rectangle defined by x, vy,
subimage_width, and subimage_height.

To increment each pixel in an image by a constant valueXAddPixel .

XAddPixel (ximage value)
Xlmage *ximage

longvalue;
ximage Specifies the image.
value Specifies the constant value that is to be added.

The XAddPixel function adds a constant value to every pixel in an image. It is useful when you
have a base pixel value from allocating color resources and need to manipulate the image to that
form.

To deallocate the memory allocated in a previous caflGeeatelmage, useXDestroylmage.

XDestroylmageximage
XImage *ximage

ximage Specifies the image.

The XDestroylmage function deallocates the memory associated withximeage structure.

Note that when the image is created usfi@yeatelmage, XGetlmage, or XSublmage, the
destroy procedure that this macro calls frees both the image structure and the data pointed to by
the image structure.
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16.9. Manipulating Bitmaps

Xlib provides functions that you can use to read a bitmap from a file, save a bitmap to a file, or
create a bitmap. This section describes those functions that transfer bitmaps to and from the
client’s file system, thus allowing their reuse in a later connection (for example, from an entirely
different client or to a different display or server).

The X version 11 bitmap file format is:

#definename width width

#definename heightheight

#definename x_hotx

#definename y_hoty

static unsigned charame bits[] = { OXNN,... }

The lines for the variables ending with _x_hot and _y_hot suffixes are optional because they are
present only if a hotspot has been defined for this bitmap. The lines for the other variables are
required. The word “unsigned” is optional; that is, the type of the _bits array can be “char” or
“unsigned char”. The _bits array must be large enough to contain the size bitmap. The bitmap
unit is eight.

To read a bitmap from a file and store it in a pixmap XReadBitmapFile.

int XReadBitmapFiledisplay, d, filenamewidth_return height_returnbitmap_returnx_hot_return

y_hot_return

Display *display;

Drawabled;

char *filename

unsigned int tvidth_return *height_return

Pixmap “bitmap_return

int *x_hot_return*y_hot_return

display Specifies the connection to the X server.

d Specifies the drawable that indicates the screen.

filename Specifies the file name to use. The format of the file name is operating-system
dependent.

width_return

height_return Return the width and height values of the read in bitmap file.
bitmap_return Returns the bitmap that is created.

X_hot_return

y_hot_return Return the hotspot coordinates.

The XReadBitmapFile function reads in a file containing a bitmap. The file is parsed in the
encoding of the current locale. The ability to read other than the standard format is implementa-
tion dependent. If the file cannot be openéBeadBitmapFile returnsBitmapOpenFailed. If

the file can be opened but does not contain valid bitmap data, it r8itmrepFilelnvalid . If
insufficient working storage is allocated, it retuBisnapNoMemory . If the file is readable and
valid, it returnsBitmapSuccess
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XReadBitmapFile returns the bitmap’s height and width, as read from the file, to width_return

and height_return. It then creates a pixmap of the appropriate size, reads the bitmap data from the

file into the pixmap, and assigns the pixmap to the caller’s variable bitmap. The caller must free
the bitmap usingKFreePixmap when finished. Ihame x_hot anchame y_hot exist XRead-
BitmapFile returns them to x_hot_return and y_hot_return; otherwise, it returns —-1,-1.

XReadBitmapFile can generat8adAlloc, BadDrawable, andBadGC errors.
To read a bitmap from a file and return it as data{i®eadBitmapFileData.

int XReadBitmapFileDatdilename width_return height_returndata_return x_hot_returny_hot_returr)
char *filename
unsigned int tvidth_return *height_return
unsigned chardata_return
int *x_hot_return*y_hot_return

filename Specifies the file name to use. The format of the file name is operating-system
dependent.

width_return

height_return Return the width and height values of the read in bitmap file.

data_return  Returns the bitmap data.

Xx_hot_return

y_hot_return Return the hotspot coordinates.

The XReadBitmapFileData function reads in a file containing a bitmap, in the same manner as
XReadBitmapFile, but returns the data directly rather than creating a pixmap in the server. The
bitmap data is returned in data_return; the client must free this storage when finished with it by
calling XFree. The status and other return values are the same AReadBitmapFile.

To write out a bitmap from a pixmap to a file, 06&/riteBitmapFile .

413



Xlib — C Library X11, Release 6

int XWriteBitmapFiledisplay, filename bitmap width, height x_hot y_ho)
Display *display;,
char filename
Pixmapbitmap;
unsigned intvidth, height
intx_hoty_hot

display Specifies the connection to the X server.

filename Specifies the file name to use. The format of the file name is operating-system
dependent.

bitmap Specifies the bitmap.

width

height Specify the width and height.

x_hot

y_hot Specify where to place the hotspot coordinates (or —1,-1 if none are present) in
the file.

The XWriteBitmapFile function writes a bitmap out to a file in the X Version 11 format. The
name used in the output file is derived from the file name by deleting the directory prefix. The
file is written in the encoding of the current locale. If the file cannot be opened for writing, it
returnsBitmapOpenFailed. If insufficient memory is allocatedkWriteBitmapFile returns
BitmapNoMemory ; otherwise, on no error, it returi&tmapSuccess If x_hot and y_hot are

not -1, -1 XWriteBitmapFile writes them out as the hotspot coordinates for the bitmap.

XWriteBitmapFile can generatBadDrawable and BadMatch errors.

To create a pixmap and then store bitmap-format data into it, use
XCreatePixmapFromBitmapData.
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Pixmap XCreatePixmapFromBitmapDadiégplay, d, data width, height fg, bg, depth
Display *display;
Drawabled;
char *data;
unsigned intvidth, height,
unsigned londg, bg;
unsigned indepth

display Specifies the connection to the X server.

d Specifies the drawable that indicates the screen.

data Specifies the data in bitmap format.

width

height Specify the width and height.

fg

bg Specify the foreground and background pixel values to use.
depth Specifies the depth of the pixmap.

The XCreatePixmapFromBitmapData function creates a pixmap of the given depth and then
does a bitmap-formatPutimage of the data into it. The depth must be supported by the screen
of the specified drawable, orBadMatch error results.

XCreatePixmapFromBitmapData can generat®adAlloc, BadDrawable, BadGC, andBad-
Value errors.

To include a bitmap written out b§\WriteBitmapFile in a program directly, as opposed to read-
ing it in every time at run time, us€CreateBitmapFromData.

Pixmap XCreateBitmapFromDatdiéplay, d, data width, height)
Display *display;
Drawabled;
char *data;
unsigned intvidth, height,
display Specifies the connection to the X server.
d Specifies the drawable that indicates the screen.
data Specifies the location of the bitmap data.
width

height Specify the width and height.

The XCreateBitmapFromData function allows you to include in your C program (using
#include) a bitmap file that was written out b§WriteBitmapFile (X version 11 format only)
without reading in the bitmap file. The following example creates a gray bitmap:

#include "gray.bitmap"

Pixmap bitmap;
bitmap = XCreateBitmapFromData(display, window, gray_bits, gray_ width, gray height);
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If insufficient working storage was allocateXCreateBitmapFromData returnsNone. Itis
your responsibility to free the bitmap usiXgreePixmap when finished.

XCreateBitmapFromData can generate BadAlloc and BadGC errors.

16.10. Using the Context Manager

The context manager provides a way of associating data with an X resource ID (mostly typically
a window) in your program. Note that this is local to your program; the data is not stored in the
server on a property list. Any amount of data in any number of pieces can be associated with a
resource ID, and each piece of data has a type associated with it. The context manager requires
knowledge of the resource ID and type to store or retrieve data.

Essentially, the context manager can be viewed as a two-dimensional, sparse array: one dimen-
sion is subscripted by the X resource ID and the other by a context type field. Each entry in the
array contains a pointer to the data. Xlib provides context management functions with which you
can save data values, get data values, delete entries, and create a unique context type. The sym-
bols used are inX11/Xutil.h>.

To save a data value that corresponds to a resource ID and context ty¥8aus€ontext

int XSaveContextfisplay, rid, context data)

Display *display;,
XID rid;
XContextcontext
XPointerdata;
display Specifies the connection to the X server.
rid Specifies the resource ID with which the data is associated.
context Specifies the context type to which the data belongs.
data Specifies the data to be associated with the window and type.

If an entry with the specified resource ID and type already eXiS@yeContextoverrides it
with the specified context. Th€SaveContextfunction returns a nonzero error code if an error
has occurred and zero otherwise. Possible errorK@MOMEM (out of memory).

To get the data associated with a resource ID and typeskisdContext.

int XFindContextlisplay, rid, contexf data_return
Display *display,
XID rid;
XContextcontext
XPointer *data_return
display Specifies the connection to the X server.
rid Specifies the resource ID with which the data is associated.
context Specifies the context type to which the data belongs.

data_return  Returns the data.

Because it is a return value, the data is a pointer. XFiedContext function returns a nonzero
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error code if an error has occurred and zero otherwise. Possible errXIGN@ENT (context-
not-found).

To delete an entry for a given resource ID and type XiBeleteContext

int XDeleteContextdisplay, rid, contex)
Display *display;,
XID rid;
XContextcontext
display Specifies the connection to the X server.
rid Specifies the resource ID with which the data is associated.

context Specifies the context type to which the data belongs.

The XDeleteContextfunction deletes the entry for the given resource ID and type from the data
structure. This function returns the same error codes<tRimdContext returns if called with
the same argumentXDeleteContextdoes not free the data whose address was saved.

To create a unique context type that may be used in subsequent ¥8BvEeContextand
XFindContext, useXUniqueContext.

XContext XUniqueContext()
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Appendix A

Xlib Functions and Protocol Requests

This appendix provides two tables that relate to Xlib functions and the X protocol. The following
table lists each Xlib function (in alphabetical order) and the corresponding protocol request that it

generates.

Xlib Function Protocol Request
XActivateScreenSaver ForceScreenSaver
XAddHost ChangeHosts
XAddHosts ChangeHosts
XAddToSaveSet ChangeSaveSet
XAllocColor AllocColor

XAllocColorCells
XAllocColorPlanes
XAllocNamedColor
XAllowEvents
XAutoRepeatOff
XAutoRepeatOn

XBell
XChangeActivePointerGrab
XChangeGC
XChangeKeyboardControl
XChangeKeyboardMapping
XChangePointerControl
XChangeProperty
XChangeSaveSet
XChangeWindowAttributes
XCirculateSubwindows
XCirculateSubwindowsDown
XCirculateSubwindowsUp
XClearArea

XClearWindow
XConfigureWindow
XConvertSelection
XCopyArea
XCopyColormapAndFree
XCopyGC

XCopyPlane
XCreateBitmapFromData

XCreateColormap

AllocColorCells
AllocColorPlanes
AllocNamedColor

AllowEvents
ChangeKeyboardControl

ChangeKeyboardControl

Bell

ChangeActivePointerGrab
ChangeGC
ChangeKeyboardControl
ChangeKeyboardMapping
ChangePointerControl
ChangeProperty
ChangeSaveSet
ChangeWindowAttributes
CirculateWindow
CirculateWindow
CirculateWindow
ClearArea

ClearArea

ConfigureWindow
ConvertSelection

CopyArea
CopyColormapAndFree

CopyGC
CopyPlane

CreateGC

CreatePixmap

FreeGC

Putimage

CreateColormap
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Xlib Function Protocol Request
XCreateFontCursor CreateGlyphCursor
XCreateGC CreateGC
XCreateGlyphCursor CreateGlyphCursor
XCreatePixmap CreatePixmap
XCreatePixmapCursor CreateCursor
XCreatePixmapFromData CreateGC

CreatePixmap

FreeGC

Putimage
XCreateSimpleWindow CreateWindow
XCreateWindow CreateWindow
XDefineCursor ChangeWindowAttributes
XDeleteProperty DeleteProperty
XDestroySubwindows DestroySubwindows
XDestroyWindow DestroyWindow
XDisableAccessControl SetAccessControl
XDrawArc PolyArc
XDrawArcs PolyArc
XDrawlmageString ImageText8
XDrawlmageString16 ImageTextl6
XDrawlLine PolySegment
XDrawLines PolyLine
XDrawPoint PolyPoint
XDrawPoints PolyPoint

XDrawRectangle
XDrawRectangles
XDrawSegments
XDrawsString
XDrawString16
XDrawText
XDrawText16
XEnableAccessControl
XFetchBytes
XFetchName
XFillArc

XFillArcs
XFillPolygon
XFillRectangle
XFillRectangles
XForceScreenSaver
XFreeColormap
XFreeColors
XFreeCursor
XFreeFont
XFreeGC
XFreePixmap
XGetAtomName

PolyRectangle
PolyRectangle
PolySegment
PolyText8
PolyText16
PolyText8
PolyText16
SetAccessControl
GetProperty
GetProperty
PolyFillArc
PolyFillArc
FillPoly
PolyFillRectangle
PolyFillRectangle
ForceScreenSaver
FreeColormap
FreeColors
FreeCursor
CloseFont
FreeGC
FreePixmap
GetAtomName
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Xlib Function

Protocol Request

XGetClassHint
XGetFontPath
XGetGeometry
XGetlconName
XGetlconSizes
XGetlmage
XGetlnputFocus
XGetKeyboardControl
XGetKeyboardMapping
XGetModifierMapping
XGetMotionEvents
XGetModifierMapping
XGetNormalHints
XGetPointerControl
XGetPointerMapping
XGetRGBColormaps
XGetScreenSaver
XGetSelectionOwner
XGetSizeHints
XGetTextProperty
XGetTransientForHint
XGetWMClientMachine
XGetWMColormapWindows

XGetWMHints
XGetWMIlconName
XGetWMName
XGetWMNormalHints
XGetWMProtocols

XGetWMSizeHints
XGetWindowAttributes

XGetWindowProperty
XGetZoomHints
XGrabButton
XGrabKey
XGrabKeyboard
XGrabPointer
XGrabServer
XlconifyWindow

XInitExtension
XlInstallColormap
XlnternAtom
XKillClient
XListExtensions

GetProperty
GetFontPath
GetGeometry
GetProperty
GetProperty
Getlmage
GetlnputFocus
GetKeyboardControl
GetKeyboardMapping
GetModifierMapping
GetMotionEvents
GetModifierMapping
GetProperty
GetPointerControl
GetPointerMapping
GetProperty
GetScreenSaver
GetSelectionOwner
GetProperty
GetProperty
GetProperty
GetProperty
GetProperty
InternAtom
GetProperty
GetProperty
GetProperty
GetProperty
GetProperty
InternAtom
GetProperty
GetWindowAttributes
GetGeometry
GetProperty
GetProperty
GrabButton
GrabKey
GrabKeyboard
GrabPointer
GrabServer
InternAtom
SendEvent
QueryExtension
InstallColormap
InternAtom
KillClient
ListExtensions
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Xlib Function Protocol Request
XListFonts ListFonts
XListFontsWithinfo ListFontsWithInfo
XListHosts ListHosts
XListInstalledColormaps ListInstalledColormaps
XListProperties ListProperties
XLoadFont OpenFont
XLoadQueryFont OpenFont
QueryFont
XLookupColor LookupColor
XLowerWindow ConfigureWindow
XMapRaised ConfigureWindow
MapWindow
XMapSubwindows MapSubwindows
XMapWindow MapWindow
XMoveResizeWindow ConfigureWindow
XMoveWindow ConfigureWindow
XNoOp NoOperation
XOpenDisplay CreateGC
XParseColor LookupColor
XPutlmage Putlmage
XQueryBestCursor QueryBestSize
XQueryBestSize QueryBestSize
XQueryBestStipple QueryBestSize
XQueryBestTile QueryBestSize
XQueryColor QueryColors
XQueryColors QueryColors
XQueryExtension QueryExtension
XQueryFont QueryFont
XQueryKeymap QueryKeymap
XQueryPointer QueryPointer
XQueryTextExtents QueryTextExtents
XQueryTextExtents16 QueryTextExtents
XQueryTree QueryTree
XRaiseWindow ConfigureWindow
XReadBitmapFile CreateGC
CreatePixmap
FreeGC
Putimage
XRecolorCursor RecolorCursor
XReconfigureWMWindow ConfigureWindow
SendEvent
XRemoveFromSaveSet ChangeSaveSet
XRemoveHost ChangeHosts
XRemoveHosts ChangeHosts
XReparentWindow ReparentWindow
XResetScreenSaver ForceScreenSaver
XResizeWindow ConfigureWindow
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Xlib Function Protocol Request
XRestackWindows ConfigureWindow
XRotateBuffers RotateProperties
XRotateWindowProperties RotateProperties
XSelectinput ChangeWindowAttributes
XSendEvent SendEvent
XSetAccessControl SetAccessControl
XSetArcMode ChangeGC
XSetBackground ChangeGC
XSetClassHint ChangeProperty
XSetClipMask ChangeGC
XSetClipOrigin ChangeGC

XSetClipRectangles
XSetCloseDownMode
XSetCommand
XSetDashes
XSetFillRule
XSetFillStyle
XSetFont
XSetFontPath
XSetForeground
XSetFunction
XSetGraphicsExposures
XSetlconName
XSetlconSizes
XSetlnputFocus
XSetLineAttributes
XSetModifierMapping
XSetNormalHints
XSetPlaneMask
XSetPointerMapping
XSetRGBColormaps
XSetScreenSaver
XSetSelectionOwner
XSetSizeHints
XSetStandardProperties
XSetState
XSetStipple
XSetSubwindowMode
XSetTextProperty
XSetTile
XSetTransientForHint
XSetTSOrigin
XSetWMClientMachine

XSetWMColormapWindows

XSetWMHints
XSetWMIlconName

SetClipRectangles
SetCloseDownMode
ChangeProperty
SetDashes
ChangeGC
ChangeGC
ChangeGC
SetFontPath
ChangeGC
ChangeGC
ChangeGC
ChangeProperty
ChangeProperty
SetlnputFocus
ChangeGC
SetModifierMapping
ChangeProperty
ChangeGC
SetPointerMapping
ChangeProperty
SetScreenSaver
SetSelectionOwner
ChangeProperty
ChangeProperty
ChangeGC
ChangeGC
ChangeGC
ChangeProperty
ChangeGC
ChangeProperty
ChangeGC
ChangeProperty
ChangeProperty

InternAtom

ChangeProperty
ChangeProperty
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Xlib Function Protocol Request
XSetWMName ChangeProperty
XSetWMNormalHints ChangeProperty
XSetWMProperties ChangeProperty
XSetWMProtocols ChangeProperty
InternAtom
XSetWMSizeHints ChangeProperty
XSetWindowBackground ChangeWindowAttributes
XSetWindowBackgroundPixmap ChangeWindowAttributes
XSetWindowBorder ChangeWindowAttributes
XSetWindowBorderPixmap ChangeWindowAttributes
XSetWindowBorderWidth ConfigureWindow
XSetWindowColormap ChangeWindowAttributes
XSetZoomHints ChangeProperty
XStoreBuffer ChangeProperty
XStoreBytes ChangeProperty
XStoreColor StoreColors
XStoreColors StoreColors
XStoreName ChangeProperty
XStoreNamedColor StoreNamedCaolor
XSync GetlnputFocus

XSynchronize
XTranslateCoordinates
XUndefineCursor
XUngrabButton
XUngrabKey
XUngrabKeyboard
XUngrabPointer
XUngrabServer
XUninstallColormap
XUnloadFont
XUnmapSubwindows
XUnmapWindow
XWarpPointer
XWithdrawWindow

GetlnputFocus
TranslateCoordinates
ChangeWindowAttributes
UngrabButton
UngrabKey
UngrabKeyboard
UngrabPointer
UngrabServer
UninstallColormap
CloseFont
UnmapSubwindows
UnmapWindow
WarpPointer
SendEvent
UnmapWindow
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The following table lists each X protocol request (in alphabetical order) and the Xlib functions

that reference it.

Protocol Request

Xlib Function

AllocColor
AllocColorCells
AllocColorPlanes
AllocNamedColor
AllowEvents

Bell
SetAccessControl

ChangeActivePointerGrab
SetCloseDownMode
ChangeGC

ChangeHosts

ChangeKeyboardControl

ChangeKeyboardMapping
ChangePointerControl
ChangeProperty

XAllocColor
XAllocColorCells
XAllocColorPlanes
XAllocNamedColor
XAllowEvents
XBell
XDisableAccessControl
XEnableAccessControl
XSetAccessControl
XChangeActivePointerGrab
XSetCloseDownMode
XChangeGC
XSetArcMode
XSetBackground
XSetClipMask
XSetClipOrigin
XSetFillRule
XSetFillStyle
XSetFont
XSetForeground
XSetFunction
XSetGraphicsExposures
XSetLineAttributes
XSetPlaneMask
XSetState
XSetStipple
XSetSubwindowMode
XSetTile
XSetTSOrigin
XAddHost
XAddHosts
XRemoveHost
XRemoveHosts
XAutoRepeatOff
XAutoRepeatOn
XChangeKeyboardControl
XChangeKeyboardMapping
XChangePointerControl
XChangeProperty
XSetClassHint
XSetCommand
XSetlconName
XSetlconSizes
XSetNormalHints
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Protocol Request

Xlib Function

ChangeSaveSet

ChangeWindowAttributes

CirculateWindow

ClearArea
CloseFont

ConfigureWindow

XSetRGBColormaps
XSetSizeHints
XSetStandardProperties
XSetTextProperty
XSetTransientForHint
XSetWMClientMachine
XSetWMColormapWindows
XSetWMHints
XSetWMIconName
XSetWMName
XSetWMNormalHints
XSetWMProperties
XSetWMProtocols
XSetWMSizeHints
XSetZoomHints
XStoreBuffer
XStoreBytes
XStoreName
XAddToSaveSet
XChangeSaveSet
XRemoveFromSaveSet
XChangeWindowAttributes
XDefineCursor
XSelectlnput
XSetWindowBackground
XSetWindowBackgroundPixmap
XSetWindowBorder
XSetWindowBorderPixmap
XSetWindowColormap
XUndefineCursor
XCirculateSubwindowsDown
XCirculateSubwindowsUp
XCirculateSubwindows
XClearArea
XClearWindow
XFreeFont
XUnloadFont
XConfigureWindow
XLowerWindow
XMapRaised
XMoveResizeWindow
XMoveWindow
XRaiseWindow
XReconfigureWMWindow
XResizeWindow
XRestackWindows
XSetWindowBorderWidth
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Protocol Request

Xlib Function

ConvertSelection
CopyArea
CopyColormapAndFree
CopyGC

CopyPlane
CreateColormap
CreateCursor
CreateGC

CreateGlyphCursor

CreatePixmap

CreateWindow

DeleteProperty
DestroySubwindows
DestroyWindow
FillPoly
ForceScreenSaver

FreeColormap
FreeColors
FreeCursor
FreeGC

FreePixmap
GetAtomName
GetFontPath
GetGeometry

Getlmage
GetlnputFocus

GetKeyboardControl
GetKeyboardMapping
GetModifierMapping
GetMotionEvents

XConvertSelection
XCopyArea
XCopyColormapAndFree
XCopyGC
XCopyPlane
XCreateColormap
XCreatePixmapCursor
XCreateGC
XCreateBitmapFromData
XCreatePixmapFromData
XOpenDisplay
XReadBitmapFile
XCreateFontCursor
XCreateGlyphCursor
XCreatePixmap
XCreateBitmapFromData
XCreatePixmapFromData
XReadBitmapFile
XCreateSimpleWindow
XCreateWindow
XDeleteProperty
XDestroySubwindows
XDestroyWindow
XFillPolygon
XActivateScreenSaver
XForceScreenSaver
XResetScreenSaver
XFreeColormap
XFreeColors
XFreeCursor
XFreeGC
XCreateBitmapFromData
XCreatePixmapFromData
XReadBitmapFile
XFreePixmap
XGetAtomName
XGetFontPath
XGetGeometry
XGetWindowAttributes
XGetlmage
XGetlnputFocus
XSync
XSynchronize
XGetKeyboardControl
XGetKeyboardMapping
XGetModifierMapping
XGetMotionEvents
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Protocol Request

Xlib Function

GetPointerControl
GetPointerMapping
GetProperty

GetSelectionOwner
GetWindowAttributes
GrabButton
GrabKey
GrabKeyboard
GrabPointer
GrabServer
ImageText1l6
ImageText8
InstallColormap
InternAtom

KillClient
ListExtensions
ListFonts
ListFontsWithinfo
ListHosts
ListInstalledColormaps
ListProperties
LookupColor

XGetPointerControl
XGetPointerMapping
XFetchBytes
XFetchName
XGetClassHint
XGetlconName
XGetlconSizes
XGetNormalHints
XGetRGBColormaps
XGetSizeHints
XGetTextProperty
XGetTransientForHint
XGetWMClientMachine
XGetWMColormapWindows
XGetWMHints
XGetWMIlconName
XGetWMName
XGetWMNormalHints
XGetWMProtocols
XGetWMSizeHints
XGetWindowProperty
XGetZoomHints
XGetSelectionOwner
XGetWindowAttributes
XGrabButton
XGrabKey
XGrabKeyboard
XGrabPointer
XGrabServer
XDrawlmageString16
XDrawlmageString
XlnstallColormap
XGetWMColormapWindows
XGetWMProtocols
XlconifyWindow
XlnternAtom
XSetWMColormapWindows
XSetWMProtocols
XKillClient
XListExtensions
XListFonts
XListFontsWithinfo
XListHosts
XListInstalledColormaps
XListProperties
XLookupColor
XParseColor
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Protocol Request Xlib Function
MapSubwindows XMapSubwindows
MapWindow XMapRaised
XMapWindow
NoOperation XNoOp
OpenFont XLoadFont
XLoadQueryFont
PolyArc XDrawArc
XDrawArcs
PolyFillArc XFillArc
XFillArcs

PolyFillRectangle

PolyLine
PolyPoint

PolyRectangle
PolySegment
PolyText16
PolyText8

Putimage

QueryBestSize

QueryColors
QueryExtension
QueryFont
QueryKeymap
QueryPointer
QueryTextExtents
QueryTree
RecolorCursor
ReparentWindow

RotateProperties

SendEvent

XFillRectangle
XFillRectangles
XDrawlLines
XDrawPoint
XDrawPoints
XDrawRectangle
XDrawRectangles
XDrawlLine
XDrawSegments
XDrawString16
XDrawText16
XDrawString
XDrawText
XPutimage
XCreateBitmapFromData
XCreatePixmapFromData
XReadBitmapFile
XQueryBestCursor
XQueryBestSize
XQueryBestStipple
XQueryBestTile
XQueryColor
XQueryColors
XInitExtension
XQueryExtension
XLoadQueryFont
XQueryFont
XQueryKeymap
XQueryPointer
XQueryTextExtents
XQueryTextExtents16
XQueryTree
XRecolorCursor
XReparentWindow
XRotateBuffers
XRotateWindowProperties
XlconifyWindow
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Protocol Request Xlib Function
XReconfigureWMWindow
XSendEvent
XWithdrawWindow
SetClipRectangles XSetClipRectangles
SetCloseDownMode XSetCloseDownMode
SetDashes XSetDashes
SetFontPath XSetFontPath
SetlnputFocus XSetlnputFocus
SetModifierMapping XSetModifierMapping
SetPointerMapping XSetPointerMapping
SetScreenSaver XGetScreenSaver
XSetScreenSaver
SetSelectionOwner XSetSelectionOwner
StoreColors XStoreColor

StoreNamedColor
TranslateCoordinates
UngrabButton
UngrabKey
UngrabKeyboard
UngrabPointer
UngrabServer
UninstallColormap
UnmapSubwindows
UnmapWindow

WarpPointer

XStoreColors
XStoreNamedColor
XTranslateCoordinates
XUngrabButton
XUngrabKey
XUngrabKeyboard
XUngrabPointer
XUngrabServer
XUninstallColormap
XUnmapSubWindows
XUnmapWindow
XWithdrawWindow
XWarpPointer
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Appendix B

X Font Cursors

The following are the available cursors that can be usedX@tieateFontCursor.

#define XC_X cursor 0
#define XC_arrow 2

#define XC_based_arrow_down 4
#define XC_based_arrow_up 6
#define XC_boat 8

#define XC_bogosity 10
#define XC_bottom_left_corner 12
#define XC_bottom_right_corner 14
#define XC_bottom_side 16
#define XC_bottom_tee 18
#define XC_box_spiral 20
#define XC_center_ptr 22
#define XC_circle 24

#define XC_clock 26

#define XC_coffee_mug 28
#define XC_cross 30

#define XC_cross_reverse 32
#define XC_crosshair 34
#define XC_diamond_cross 36
#define XC_dot 38

#define XC_dot_box_mask 40
#define XC_double_arrow 42
#define XC_draft_large 44
#define XC_draft_small 46
#define XC_draped_box 48
#define XC_exchange 50
#define XC_fleur 52

#define XC_gobbler 54
#define XC_gumby 56

#define XC_handl 58

#define XC_hand2 60

#define XC_heart 62

#define XC_icon 64

#define XC_iron_cross 66
#define XC_left_ptr 68

#define XC_left_side 70
#define XC_left_tee 72

#define XC_leftbutton 74

#define XC_Il_angle 76
#define XC_Ir_angle 78

#define XC_man 80

#define XC_middlebutton 82
#define XC_mouse 84

#define XC_pencil 86

#define XC_pirate 88

#define XC_plus 90

#define XC_question_arrow 92
#define XC_right_ptr 94

#define XC_right_side 96
#define XC_right_tee 98
#define XC_rightbutton 100
#define XC_rtl_logo 102

#define XC_sailboat 104
#define XC_sb_down_arrow 106

#define XC_sb_h_double_arrow 108
#define XC_sb_left_arrow 110

#define XC_sb_right_arrow 112
#define XC_sb_up_arrow 114
#define XC_sb_v_double_arrow 116
#define XC_shuttle 118

#define XC_sizing 120

#define XC_spider 122

#define XC_spraycan 124
#define XC_star 126
#define XC_target 128

#define XC_tcross 130
#define XC_top_left_arrow 132
#define XC_top_left _corner 134
#define XC_top_right_corner 136
#define XC_top_side 138
#define XC_top_tee 140

#define XC_trek 142
#define XC_ul_angle 144
#define XC_umbrella 146
#define XC_ur_angle 148
#define XC_watch 150

#define XC_xterm 152
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Appendix C

Extensions

Because X can evolve by extensions to the core protocol, it is important that extensions not be
perceived as second class citizens. At some point, your favorite extensions may be adopted as
additional parts of the X Standard.

Therefore, there should be little to distinguish the use of an extension from that of the core proto-
col. To avoid having to initialize extensions explicitly in application programs, it is also impor-
tant that extensions perform lazy evaluations, automatically initializing themselves when called
for the first time.

This appendix describes techniques for writing extensions to Xlib that will run at essentially the
same performance as the core protocol requests.

Note

It is expected that a given extension to X consists of multiple requests. Defining ten
new features as ten separate extensions is a bad practice. Rather, they should be
packaged into a single extension and should use minor opcodes to distinguish the
requests.

The symbols and macros used for writing stubs to Xlib are listed1d/libint.h >.

Basic Protocol Support Routines
The basic protocol requests for extensionsxd@eieryExtension and XListExtensions.

Bool XQueryExtensiordisplay, name major_opcode_returrfirst_event_returpfirst_error_return)
Display *display,
char *name;
int *major_opcode_retumn
int *first_event_return
int *first_error_return

display Specifies the connection to the X server.

name Specifies the extension name.

major_opcode_return
Returns the major opcode.

first_event_return
Returns the first event code, if any.

Specifies the extension list.

The XQueryExtension function determines if the named extension is present. If the extension is
not presentXQueryExtension returnsFalse; otherwise, it return3rue. If the extension is pre-
sent,XQueryExtension returns the major opcode for the extension to major_opcode_return; oth-
erwise, it returns zero. Any minor opcode and the request formats are specific to the extension. If
the extension involves additional event typéQueryExtension returns the base event type code
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to first_event_return; otherwise, it returns zero. The format of the events is specific to the exten-
sion. If the extension involves additional error cod&@ueryExtension returns the base error

code to first_error_return; otherwise, it returns zero. The format of additional data in the errors is
specific to the extension.

If the extension name is not in the Host Portable Character Encoding the result is implementation
dependent. Uppercase and lowercase matter; the strings “thing”, “Thing”, and “thinG” are all
considered different names.

char **XListExtensionsglisplay, nextensions_retumn
Display *display,
int *nextensions_return

display Specifies the connection to the X server.

nextensions_return
Returns the number of extensions listed.

The XListExtensions function returns a list of all extensions supported by the server. If the data
returned by the server is in the Latin Portable Character Encoding, then the returned strings are in
the Host Portable Character Encoding. Otherwise, the result is implementation dependent.

XFreeExtensionList{st)
char **list;

list Specifies the list of extension names.

The XFreeExtensionList function frees the memory allocated KiistExtensions.

Hooking into Xlib

These functions allow you to hook into the library. They are not normally used by application
programmers but are used by people who need to extend the core X protocol and the X library
interface. The functions, which generate protocol requests for X, are typically called stubs.

In extensions, stubs first should check to see if they have initialized themselves on a connection.
If they have not, they then should cXlInitExtension to attempt to initialize themselves on the
connection.

If the extension needs to be informed of GC/font allocation or deallocation or if the extension
defines new event types, the functions described here allow the extension to be called when these
events occur.

The XExtCodes structure returns the information froinitExtension and is defined in
<X11/Xlib.h>:
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typedef struct _XExtCodes { /* public to extension, cannot be changed */
int extension; /* extension number */
int major_opcode; /* major op-code assigned by server */
int first_event; [* first event number for the extension */
int first_error; /* first error number for the extension */
} XExtCodes;

XExtCodes *XInitExtensiondisplay, name
Display *display,
char *name

display Specifies the connection to the X server.
name Specifies the extension name.

The XlnitExtension function determines if the named extension exists. Then, it allocates storage
for maintaining the information about the extension on the connection, chains this onto the exten-
sion list for the connection, and returns the information the stub implementor will need to access

the extension. If the extension does not ex{#hitExtension returns NULL.

If the extension hame is not in the Host Portable Character Encoding, the result is implementation
dependent. Uppercase and lowercase matter; the strings “thing”, “Thing”, and “thinG” are all
considered different names.

The extension number in tEXtCodes structure is needed in the other calls that follow. This
extension number is unique only to a single connection.

XExtCodes *XAddExtensiordisplay)
Display *display;

display Specifies the connection to the X server.

For local Xlib extensions, thEAddExtension function allocates th&XExtCodes structure,
bumps the extension number count, and chains the extension onto the extension list. (This per-
mits extensions to Xlib without requiring server extensions.)

Hooks into the Library

These functions allow you to define procedures that are to be called when various circumstances
occur. The procedures include the creation of a new GC for a connection, the copying of a GC,
the freeing of a GC, the creating and freeing of fonts, the conversion of events defined by exten-
sions to and from wire format, and the handling of errors.

All of these functions return the previous procedure defined for this extension.
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int (*XESetCloseDisplaydisplay, extensionproc))()
Display *display;,
int extension
int (*proc)();
display Specifies the connection to the X server.
extension Specifies the extension number.

proc Specifies the procedure to call when the display is closed.

The XESetCloseDisplayfunction defines a procedure to be called when®¥@pseDisplayis
called. It returns any previously defined procedure, usually NULL.

When XCloseDisplayis called, your procedure is called with these arguments:

(*proc)(display, codeg
Display *display,
XExtCodes todes

int (*XESetCreateGQisplay, extensionproc))()

Display *display,

int extension

int (*proc)();
display Specifies the connection to the X server.
extension Specifies the extension number.

proc Specifies the procedure to call when a GC is closed.

The XESetCreateGC function defines a procedure to be called whenever a new GC is created. It

returns any previously defined procedure, usually NULL.
When a GC is created, your procedure is called with these arguments:

(*proc)(display, gc, codeg
Display *display;
GCagc;
XExtCodes todes
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int (*XESetCopyGC(lisplay, extensionproc))()

Display *display;

int extension

int (*proc)();
display Specifies the connection to the X server.
extension Specifies the extension number.

proc Specifies the procedure to call when GC components are copied.

The XESetCopyGC function defines a procedure to be called whenever a GC is copied. It
returns any previously defined procedure, usually NULL.

When a GC is copied, your procedure is called with these arguments:

(* proc)(display; gc, code9
Display *display,
GCagc;
XExtCodes todes

int (*XESetFreeGCdisplay, extensionproc))()

Display *display;

int extension

int (*proc)();
display Specifies the connection to the X server.
extension Specifies the extension number.

proc Specifies the procedure to call when a GC is freed.

The XESetFreeGCfunction defines a procedure to be called whenever a GC is freed. It returns
any previously defined procedure, usually NULL.

When a GC is freed, your procedure is called with these arguments:

(*proc)(display, gc, codeg
Display *display;,
GCgc;
XExtCodes todes
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int (*XESetCreateFont{isplay, extensionproc))()
Display *display;,
int extension
int (*proc)();
display Specifies the connection to the X server.
extension Specifies the extension number.
proc Specifies the procedure to call when a font is created.

The XESetCreateFontfunction defines a procedure to be called whenieradQueryFont
and XQueryFont are called. It returns any previously defined procedure, usually NULL.

When XLoadQueryFont or XQueryFont is called, your procedure is called with these argu-
ments:

(*proc)(display; fs, codeg
Display *display;
XFontStruct fs;
XExtCodes todes

int (*XESetFreeFontisplay, extensionproc))()
Display *display,
int extension
int (*proc)();
display Specifies the connection to the X server.
extension Specifies the extension number.
proc Specifies the procedure to call when a font is freed.

The XESetFreeFontfunction defines a procedure to be called when¥¥eeeFont is called. It
returns any previously defined procedure, usually NULL.

When XFreeFont is called, your procedure is called with these arguments:

(*proc)(display; fs, codeg
Display *display;
XFontStruct fs;
XExtCodes todes

The XESetWireToEvent and XESetEventToWire functions allow you to define new events to

the library. AnXEvent structure always has a type code (tymte as the first component. This
uniquely identifies what kind of event it is. The second component is always the serial number
(type unsigned long of the last request processed by the server. The third component is always
a Boolean (typeéBool) indicating whether the event came frorBendEventprotocol request.

The fourth component is always a pointer to the display the event was read from. The fifth com-
ponent is always a resource ID of one kind or another, usually a window, carefully selected to be
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useful to toolkit dispatchers. The fifth component should always exist, even if the event does not
have a natural destination; if there is no value from the protocol to put in this component, initial-
ize it to zero.

Note

There is an implementation limit such that your host event structure size cannot be
bigger than the size of théEvent union of structures. There also is no way to guar-
antee that more than 24 elements or 96 characters in the structure will be fully
portable between machines.

int (*XESetWireToEventdisplay, event_numbeiproc))()
Display *display,
int event_number
Status (proc)();

display Specifies the connection to the X server.
event_number Specifies the event code.
proc Specifies the procedure to call when converting an event.

The XESetWireToEvent function defines a procedure to be called when an event needs to be
converted from wire formatxgvent) to host format XEvent). The event number defines which
protocol event number to install a conversion procedureX&SetWireToEvent returns any
previously defined procedure.

Note

You can replace a core event conversion function with one of your own, although this
is not encouraged. It would, however, allow you to intercept a core event and modify
it before being placed in the queue or otherwise examined.

When Xlib needs to convert an event from wire format to host format, your procedure is called
with these arguments:

Status (proc)(display, re, even)
Display *display,
XEvent *re;

XEvent *event

Your procedure must return status to indicate if the conversion succeeded. The re argument is a
pointer to where the host format event should be stored, and the event argument is the 32-byte
wire event structure. In th&Event structure you are creating, you must fill in the five required
members of the event structure. You should fill in the type member with the type specified for the
XEvent structure. You should copy all other members fromxiBeent structure (wire format)

to the XEvent structure (host format). Your conversion procedure should r@tum if the

event should be placed in the queuéalseif it should not be placed in the queue.

To initialize the serial number component of the event, céBetLastRequestReadvith the
event and use the return value.
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unsigned long _XSetLastRequestReahsiflay, rep)
Display *display;,
xGenericReply rep;

display Specifies the connection to the X server.
rep Specifies the wire event structure.

The _XSetLastRequestReadunction computes and returns a complete serial number from the
partial serial number in the event.

Status (*XESetEventToWiré{splay, event_numbeproc))()
Display *display;
int event_number
int (*proc)();
display Specifies the connection to the X server.
event_number Specifies the event code.

proc Specifies the procedure to call when converting an event.

The XESetEventToWire function defines a procedure to be called when an event needs to be
converted from host formaXgvent) to wire format &Event) form. The event number defines
which protocol event number to install a conversion procedureiéGetEventToWire returns

any previously defined procedure. It returns zero if the conversion fails or nonzero otherwise.

Note

You can replace a core event conversion function with one of your own, although this
is not encouraged. It would, however, allow you to intercept a core event and modify
it before being sent to another client.

When Xlib needs to convert an event from host format to wire format, your procedure is called
with these arguments:

(*proc)(display; re, even)
Display *display;
XEvent *re;
XEvent *event

The re argument is a pointer to the host format event, and the event argument is a pointer to where
the 32-byte wire event structure should be stored. You should fill in the type with the type from

the XEvent structure. All other members then should be copied from the host format to the

XEvent structure.
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Bool (*XESetWireToErrorflisplay, error_numbey proc)()
Display *display;,
int error_number
Bool (*proc)();

display Specifies the connection to the X server.
error_number Specifies the error code.
proc Specifies the procedure to call when an error is received.

The XESetWireToError function defines a procedure to be called when an extension error needs
to be converted from wire format to host format. The error number defines which protocol error
code to install the conversion procedure fEESetWireToError returns any previously defined
procedure.

Use this function for extension errors that contain additional error values beyond those in a core X
error, when multiple wire errors must be combined into a single Xlib error, or when it is neces-
sary to intercept an X error before it is otherwise examined.

When Xlib needs to convert an error from wire format to host format, the procedure is called with
these arguments:

Bool (*proc)(display, he we)
Display *display;
XErrorEvent he;
XError *we;

The he argument is a pointer to where the host format error should be stored. The structure
pointed at by he is guaranteed to be as large &&&ant structure and so can be cast to a type
larger than arXErrorEvent to store additional values. If the error is to be completely ignored

by Xlib (for example, several protocol error structures will be combined into one Xlib error), then
the function should returRalse; otherwise, it should returrue.

int (*XESetErrordisplay, extensionproc))()
Display *display,
int extension
int (*proc)();
display Specifies the connection to the X server.
extension Specifies the extension number.
proc Specifies the procedure to call when an error is received.

Inside Xlib, there are times that you may want to suppress the calling of the external error han-
dling when an error occurs. This allows status to be returned on a call at the cost of the call being
synchronous (though most such functions are query operations, in any case, and are typically pro-
grammed to be synchronous).

When Xlib detects a protocol error irKReply, it calls your procedure with these arguments:
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int (*proc)(display, err, codesret_code
Display *display,
XError *err;
XExtCodes todes
int *ret_code

The err argument is a pointer to the 32-byte wire format error. The codes argument is a pointer to
the extension codes structure. The ret_code argument is the return code you ma¥Reqty
returned to.

If your procedure returns a zero value, the error is not suppressed, and the client’s error handler is
called. (For further information, see section 11.8.2.) If your procedure returns nonzero, the error
is suppressed, andXReply returns the value of ret_code.

char *(*XESetErrorStringdisplay, extensionproc))()
Display *display,
int extension
char *(*proc)();

display Specifies the connection to the X server.
extension Specifies the extension number.
proc Specifies the procedure to call to obtain an error string.

The XGetErrorText function returns a string to the user for an erbdESetErrorString allows
you to define a procedure to be called that should return a pointer to the error message. The fol-
lowing is an example.

(*proc)(display, code codes buffer, nbyteg
Display *display;
int code
XExtCodes todes
char *buffer;
int nbytes

Your procedure is called with the error code for every error detected. You should copy nbytes of
a null-terminated string containing the error message into buffer.

void (*XESetPrintErrorValuesiisplay, extensionproc))()
Display *display,
int extension
void (*proc)();

display Specifies the connection to the X server.
extension Specifies the extension number.
proc Specifies the procedure to call when an error is printed.

The XESetPrintErrorValues function defines a procedure to be called when an extension error
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is printed, to print the error values. Use this function for extension errors that contain additional
error values beyond those in a core X error. It returns any previously defined procedure.

When Xlib needs to print an error, the procedure is called with these arguments:

void (*proc)(display; ev, fp)
Display *display;
XErrorEvent %v;
void *fp;

The structure pointed at by ev is guaranteed to be as largeXdvant structure and so can be

cast to a type larger than AificrrorEvent to obtain additional values set by using
XESetWireToError . The underlying type of the fp argument is system dependent; on a POSIX-
compliant system, fp should be cast to type FILE*.

int (*XESetFlushGCdlisplay, extensionproc))()

Display *display,

int extension

int *(* proc)();
display Specifies the connection to the X server.
extension Specifies the extension number.

proc Specifies the procedure to call when a GC is flushed.

The procedure set by theéESetFlushGC function has the same interface as the procedure set by
the XESetCopyGC function, but is called when a GC cache needs to be updated in the server.

int (*XESetBeforeFlushdisplay, extensionproc))()
Display *display,
int extension
int *(* proc)();
display Specifies the connection to the X server.
extension Specifies the extension number.
proc Specifies the procedure to call when a buffer is flushed.

The XESetBeforeFlushfunction defines a procedure to be called when data is about to be sent to
the server. When data is about to be sent, your procedure is called one or more times with these
arguments:
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void (*proc)(display, codesdata, len)
Display *display,
XExtCodes todes
char "data;
longlen;

The data argument specifies a portion of the outgoing data buffer, and its length in bytes is speci-
fied by the len argument. Your procedure must not alter the contents of the data, and must not do
additional protocol requests to the same display.

Hooks onto Xlib Data Structures

Various Xlib data structures have provisions for extension procedures to chain extension supplied
data onto a list. These structures &€, Visual, Screen ScreenFormat, Display, and

XFontStruct. Because the list pointer is always the first member in the structure, a single set of
procedures can be used to manipulate the data on these lists.

The following structure is used in the functions in this section and is defined kiXlib.h>:

typedef struct _XExtData {

int number; /* number returned by XInitExtension */
struct _XExtData *next; [* next item on list of data for structure */
int (*free_private)(); /* if defined, called to free private */
XPointer private_data; [* data private to this extension. */

} XExtData;

When any of the data structures listedadare freed, the list is walked, and the structure’s free
procedure (if any) is called. If free is NULL, then the library frees both the data pointed to by the
private_data member and the structure itself.

union { Display *display;
GC gc;
Visual *visual;
Screen *screen;
ScreenFormat *pixmap_format;
XFontStruct *font } XEDataObject;

XExtData *XEHeadOfExtensionListibject)
XEDataObjecbbject,

object Specifies the object.
The XEHeadOfExtensionList function returns a pointer to the list of extension structures
attached to the specified object. In concert WifkddToExtensionList, XEHeadOfExtension-

List allows an extension to attach arbitrary data to any of the structures of types contained in
XEDataObject.
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XAddToExtensionListtructure ext_datg
XExtData **structure
XExtData *ext_data

structure Specifies the extension list.

ext_data Specifies the extension data structure to add.

The structure argument is a pointer to one of the data structures enumerated above. You must ini-
tialize ext_data->number with the extension number before calling this function.

XExtData *XFindOnExtensionListructure numbej)
struct _XExtData *Structure

int number,
structure Specifies the extension list.
number Specifies the extension number fro¢mitExtension .

The XFindOnExtensionList function returns the first extension data structure for the extension
numbered number. It is expected that an extension will add at most one extension data structure
to any single data structure’s extension data list. There is no way to find additional structures.

The XAllocID macro, which allocates and returns a resource ID, is definetlitvXlib.h>.

XAllocID (display)
Display *display;

display Specifies the connection to the X server.

This macro is a call through th&isplay structure to an internal resource ID allocator. It returns
aresource ID that you can use when creating new resources.

The XAllocIDs macro allocates and returns an array of resource ID.

XAllocIDs (display; ids_return couni)
Display *display,
XID *ids_return
int count

display Specifies the connection to the X server.

ids_return Returns the resource IDs.
rep Specifies the number of resource IDs requested.

This macro is a call through thaisplay structure to an internal resource ID allocator. It returns
resource IDs to the array supplied by the caller. To correctly handle automatic reuse of resource
IDs, you must calXAlloclDs when requesting multiple resource IDs. This call might generate
protocol requests.
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GC Caching

GCs are cached by the library to allow merging of independent change requests to the same GC
into single protocol requests. This is typically called a write-back cache. Any extension proce-
dure whose behavior depends on the contents of a GC must flush the GC cache to make sure the
server has up-to-date contents in its GC.

The FlushGC macro checks the dirty bits in the library’s GC structure and cilHushGC-
Cacheif any elements have changed. THashGC macro is defined as follows:

FlushGC (isplay, gc)

Display *display;,

GCgc;
display Specifies the connection to the X server.
gc Specifies the GC.

Note that if you extend the GC to add additional resource ID components, you should ensure that
the library stub sends the change request immediately. This is because a client can free a resource
immediately after using it, so if you only stored the value in the cache without forcing a protocol
request, the resource might be destroyed before being set into the GC. You can use the

_ XFlushGCCacheprocedure to force the cache to be flushed. TKieElushGCCacheproce-

dure is defined as follows:

_XFlushGCCachelisplay, gc)

Display *display,

GCgc;
display Specifies the connection to the X server.
gc Specifies the GC.

Graphics Batching

If you extend X to add more poly graphics primitives, you may be able to take advantage of facili-
ties in the library to allow back-to-back single calls to be transformed into poly requests. This
may dramatically impove performance of programs that are not written using poly requests. A
pointer to arnxReq, called last_req in the display structure, is the last request being processed.

By checking that the last request type, drawable, gc, and other options are the same as the new
one and that there is enough space left in the buffer, you may be able to just extend the previous
graphics request by extending the length field of the request and appending the data to the buffer.
This can impove performance by five times or more in naive programs. For example, here is the
source for theXDrawPoint stub. (Writing extension stubs is discussed in the next section.)
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#include <X11/Xlibint.h>

[* precompute the maximum size of batching request allowed */

static int size = sizeof(xPolyPointReq) + EPERBATCH * sizeof(xPoint);

XDrawPoint(dpy, d, gc, X, y)

{

}

To keep clients from generating very long requests that may monopolize the server, there is a
symbol defined in X11/Xlibint.h > of EPERBATCH on the number of requests batched. Most of
the performance benefit occurs in the first few merged requests. NokuslaGC is called

register Display *dpy;
Drawable d;

GC gc;

intx,y; /*INT16 */

xPoint *point;
LockDisplay(dpy);
FlushGC(dpy, gc);
{
register xPolyPointReq *req = (xPolyPointReq *) dpy->last_req;
[* if same as previous request, with same drawable, batch requests */
if (
(reg->reqType == X_PolyPoint)
&& (reg->drawable == d)
&& (reg->gc == gc->gid)
&& (reg->coordMode == CoordModeOrigin)
&& ((dpy->bufptr + sizeof (xPoint)) <= dpy->bufmax)
&& (((char *)dpy->bufptr - (char *)req) < size) ) {
point = (xPoint *) dpy->bufptr;
reg->length += sizeof (xPoint) >> 2;
dpy->bufptr += sizeof (xPoint);

}

else {
GetRegExtra(PolyPoint, 4, req); /* 1 point = 4 bytes */
req->drawable = d;
reg->gc = gc->qid;
req->coordMode = CoordModeOrigin;
point = (xPoint *) (req + 1);
}

point->Xx = X;

point->y =y;

}

UnlockDisplay(dpy);

SyncHandle();

beforepicking up the value of last_req, because it may modify this field.
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Writing Extension Stubs

All X requests always contain the length of the request, expressed as a 16-bit quantity of 32 bits.
This means that a single request can be no more than 256K bytes in length. Some servers may
not support single requests of such a length. The value of dpy->max_request_size contains the
maximum length as defined by the server implementation. For further information, see “X Win-
dow System Protocol.”

Requests, Replies, and Xproto.h

The <X11/Xproto.h> file contains three sets of definitions that are of interest to the stub imple-
mentor: request names, request structures, and reply structures.

You need to generate a file equivalent ¥al&/Xproto.h> for your extension and need to include
it in your stub procedure. Each stub procedure also must incKiti# Xlibint.h >.

The identifiers are deliberately chosen in such a way that, if the request is called
X_DoSomething, then its request structure is xDoSomethingReq, and its reply is xDoSomethin-
gReply. The GetReq family of macros, defined Xi1&/Xlibint.h >, takes advantage of this nam-
ing scheme.

For each X request, there is a definition Xil&/Xproto.h> that looks similar to this:

#define X_DoSomething 42

In your extension header file, this will be a minor opcode, instead of a major opcode.

Request Format

Every request contains an 8-bit major opcode and a 16-bit length field expressed in units of four
bytes. Every request consists of four bytes of header (containing the major opcode, the length
field, and a data byte) followed by zero or more additional bytes of data. The length field defines
the total length of the request, including the header. The length field in a request must equal the
minimum length required to contain the request. If the specified length is smaller or larger than
the required length, the server should gener@adiength error. Unused bytes in a request are

not required to be zero. Extensions should be designed in such a way that long protocol requests
can be split up into smaller requests, if it is possible to exceed the maximum request size of the
server. The protocol guarantees the maximum request size to be no smaller than 4096 units
(16384 bytes).

Major opcodes 128 through 255 are reserved for extensions. Extensions are intended to contain
multiple requests, so extension requests typically have an additional minor opcode encoded in the
second data byte in the request header, but the placement and interpretation of this minor opcode
as well as all other fields in extension requests are not defined by the core protocol. Every request
is implicitly assigned a sequence number (starting with one) used in replies, errors, and events.

To help but not cure portability problems to certain machineBilteand B32 macros have
been defined so that they can become bitfield specifications on some machines. For example, on
a Cray, these should be used for all 16-bit and 32-bit quantities, as discussed below.

Most protocol requests have a corresponding structure typedgflityXproto.h>, which looks
like:
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typedef struct _DoSomethingReq {

CARDS reqType; /* X_DoSomething */
CARDS8 someDatum; [* used differently in different requests */
CARD16 length B16; [* total # of bytes in request, divided by 4 */

[* request-specific data */
} xDoSomethingReq;
If a core protocol request has a single 32-bit argument, you need not declare a request structure in
your extension header file. Instead, such requests us®#sourceRegstructure in

<X11/Xproto.h>. This structure is used for any request whose single argumekitirsdaw ,
Pixmap, Drawable, GContext, Font, Cursor, Colormap, Atom, or VisuallD .

typedef struct _ResourceReq {

CARDS reqType; /* the request type, e.g. X_DoSomething */

BYTE pad; /* not used */

CARD16 length B16; [* 2 (= total # of bytes in request, divided by 4) */

CARD32 id B32; /* the Window, Drawable, Font, GContext, etc. */
} XResourceReq;

If convenient, you can do something similar in your extension header file.

In both of these structures, the reqType field identifies the type of the request (for example,
X_MapWindow or X_CreatePixmap). The length field tells how long the request is in units of
4-byte longwords. This length includes both the request structure itself and any variable length
data, such as strings or lists, that follow the request structure. Request structures come in differ-
ent sizes, but all requests are padded to be multiples of four bytes long.

A few protocol requests take no arguments at all. Instead, they ugd#uestructure in
<X11/Xproto.h>, which contains only a reqType and a length (and a pad byte).

If the protocol request requires a reply, thetl&/Xproto.h> also contains a reply structure type-
def:

typedef struct _DoSomethingReply {

BYTE type; [* always X_Reply */

BYTE someDatum,; [* used differently in different requests */
CARD16 sequenceNumber B16; [* # of requests sent so far */

CARD32 length B32; /* # of additional bytes, divided by 4 */

[* request-specific data */

} xDoSomethingReply;

Most of these reply structures are 32 bytes long. If there are not that many reply values, then they
contain a sufficient number of pad fields to bring them up to 32 bytes. The length field is the total
number of bytes in the request minus 32, divided by 4. This length will be nonzero only if:
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. The reply structure is followed by variable length data such as a list or string.
. The reply structure is longer than 32 bytes.

Only GetWindowAttributes , QueryFont, QueryKeymap, and GetKeyboardControl have
reply structures longer than 32 bytes in the core protocol.

A few protocol requests return replies that contain no daxd.1kKproto.h> does not define
reply structures for these. Instead, they usextBenericReply structure, which contains only a
type, length, and sequence number (and sufficient padding to make it 32 bytes long).

Starting to Write a Stub Procedure
An Xlib stub procedure should start like this:

#include "<X11/Xlibint.h>

XDoSomething (arguments, ... )
[* argument declarations */

{

register XDoSomethingReq *req;

If the protocol request has a reply, then the variable declarations should include the reply structure
for the request. The following is an example:

xDoSomethingReply rep;

Locking Data Structures

To lock the display structure for systems that want to support multithreaded access to a single dis-
play connection, each stub will need to lock its critical section. Generally, this section is the point
from just before the appropriate GetReq call until all arguments to the call have been stored into
the buffer. The precise instructions needed for this locking depend upon the machine architec-
ture. Two calls, which are generally implemented as macros, have been provided.

LockDisplay(display)
Display *display;,

UnlockDisplay@isplay)
Display *display;,

display Specifies the connection to the X server.

Sending the Protocol Request and Arguments

After the variable declarations, a stub procedure should call one of four macros defined in
<X11/Xlibint.h >: GetReq, GetRegExtra, GetResReq or GetEmptyReq. All of these macros
take, as their first argument, the name of the protocol request as declaxdd fMXproto.h>

except with X _removed. Each one declar&isplay structure pointer, called dpy, and a pointer

to a request structure, called req, which is of the appropriate type. The macro then appends the
request structure to the output buffer, fills in its type and length field, and sets req to point to it.
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If the protocol request has no arguments (for instance, X_GrabServer), theatEseptyReq.

GetEmptyReq (DoSomething, req);

If the protocol request has a single 32-bit argument (suchPasraap, Window, Drawable,
Atom, and so on), then ugeetResReq The second argument to the macro is the 32-bit object.
X_MapWindow is a good example.

GetResReq (DoSomething, rid, req);

The rid argument is thBixmap, Window, or other resource ID.

If the protocol request takes any other argument list, therGedaReq. After the GetReq, you
need to set all the other fields in the request structure, usually from arguments to the stub proce-
dure.

GetReq (DoSomething, req);
/* fill in arguments here */
reg->argl = argl;

reg->arg2 = argz;

A few stub procedures (such A€reateGC and XCreatePixmap) return a resource ID to the

caller but pass a resource ID as an argument to the protocol request. Such procedures use the
macroXAllocID to allocate a resource ID from the range of IDs that were assigned to this client
when it opened the connection.

rid = reg->rid = XAllocID();

return (rid);

Finally, some stub procedures transmit a fixed amount of variable length data after the request.
Typically, these procedures (suchX@gloveWindow and XSetBackground) are special cases of
more general functions likEMoveResizeWindowand XChangeGC. These procedures use
GetRegExtra, which is the same aSetReq except that it takes an additional argument (the
number of extra bytes to allocate in the output buffer after the request structure). This number
should always be a multiple of four.

Variable Length Arguments

Some protocol requests take additional variable length data that folloidtiteomethingReq
structure. The format of this data varies from request to request. Some requests require a
sequence of 8-bit bytes, others a sequence of 16-bit or 32-bit entities, and still others a sequence
of structures.

It is necessary to add the length of any variable length data to the length field of the request struc-
ture. That length field is in units of 32-bit longwords. If the data is a string or other sequence of
8-bit bytes, then you must round the length up and shift it before adding:

reg->length += (nbytes+3)>>2;

To transmit variable length data, use &ta macros. If the data fits into the output buffer, then

this macro copies it to the buffer. If it does not fit, however,Daga macro calls_XSend,

which transmits first the contents of the buffer and then your dataDateemacros take three
arguments: the display, a pointer to the beginning of the data, and the number of bytes to be sent.
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Data(display, (char *)data nbytes;
Datal6gisplay (short *)data nbytes;

Data32(isplay, (long *) data, nbyte9;

Data, Datal6, andData32 are macros that may use their last argument more than once, so that
argument should be a variable rather than an expression such as “nitems*sizeof(item)”. You
should do that kind of computation in a separate statement before calling them. Use the appropri-
ate macro when sending byte, short, or long data.

If the protocol request requires a reply, then call the procedd&endinstead of theData

macro. _XSendtakes the same arguments, but because it sends your data immediately instead of
copying it into the output buffer (which would later be flushed anyway by the following call on
_XReply), it is faster.

Replies

If the protocol request has a reply, then cdReply after you have finished dealing with all the
fixed and variable length argumentsXReply flushes the output buffer and waits forxéReply
packet to arrive. If any events arrive in the meantin¥Reply places them in the queue for later
use.

Status _XReplydisplay, rep, extra discard)

Display *display,
xReply *rep;
int extra;
Bool discard;
display Specifies the connection to the X server.
rep Specifies the reply structure.
extra Specifies the number of 32-bit words expected after the replay.
discard Specifies if any data beyond that specified in the extra argument should be dis-
carded.

The XReply function waits for a reply packet and copies its contents into the specified rep.
_XReply handles error and event packets that occur before the reply is recekRdply takes
four arguments:

. A Display * structure
. A pointer to a reply structure (which must be cast taRaply *)

. The number of additional 32-bit words (beyond sizeR&ply) = 32 bytes) in the reply
structure

. A Boolean that indicates whetheKReply is to discard any additional bytes beyond those
it was told to read

Because most reply structures are 32 bytes long, the third argument is usually 0. The only core
protocol exceptions are the repliesGetWindowAttributes , QueryFont, QueryKeymap, and
GetKeyboardControl, which have longer replies.
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The last argument should Balseif the reply structure is followed by additional variable length
data (such as a list or string). It shouldTwae if there is not any variable length data.

Note

This last argument is provided for upward-compatibility reasons to allow a client to
communicate properly with a hypothetical later version of the server that sends more
data than the client expected. For example, some later vers@et\dfindowAt-

tributes might use a larger, but compatibi;etWindowAttributesReply that con-

tains additional attribute data at the end.

_XReply returnsTrue if it received a reply successfully &alseif it received any sort of error.

For a request with a reply that is not followed by variable length data, you write something like:
_XReply(display, (xReply *)&rep, 0, True);
*retl = rep.retl;

*ret2 = rep.ret2;
*ret3 = rep.ret3;

UnlockDisplay(dpy);
SyncHandle();
return (rep.retd);

}

If there is variable length data after the reply, changditbe to False, and use the appropriate
_XRead function to read the variable length data.

_XReadgisplay, data_return nbyteg
Display *display,
char *data_return
long nbytes
display Specifies the connection to the X server.
data_return  Specifies the buffer.
nbytes Specifies the number of bytes required.

The XRead function reads the specified number of bytes into data_return.

_XRead1l6display, data_return nbyteg

Display *display;

short *data_return

long nbytes
display Specifies the connection to the X server.
data_return  Specifies the buffer.

nbytes Specifies the number of bytes required.

The _XReadl6function reads the specified number of bytes, unpacking them as 16-bit quanti-
ties, into the specified array as shorts.
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_XRead32(isplay, data_return nbyteg

Display *display;

long *data_return

long nbytes
display Specifies the connection to the X server.
data_return  Specifies the buffer.

nbytes Specifies the number of bytes required.

The _XRead32function reads the specified number of bytes, unpacking them as 32-bit quanti-
ties, into the specified array as longs.

_XReadl6Padilisplay, data_return nbyteg
Display *display,
short *data_return
long nbytes
display Specifies the connection to the X server.
data_return  Specifies the buffer.
nbytes Specifies the number of bytes required.

The XReadl6Padfunction reads the specified number of bytes, unpacking them as 16-bit quan-
tities, into the specified array as shorts. If the number of bytes is not a multiple of four,
_XReadl6Padreads and discards up to two additional pad bytes.

_XReadPad{isplay, data_return nbyteg

Display *display;,

char *data_return

long nbytes
display Specifies the connection to the X server.
data_return  Specifies the buffer.

nbytes Specifies the number of bytes required.

The _XReadPadfunction reads the specified number of bytes into data_return. If the number of
bytes is not a multiple of four,XReadPadreads and discards up to three additional pad bytes.

Each protocol request is a little different. For further information, see the Xlib sources for exam-
ples.

Synchronous Calling

Each procedure should have a call, just before returning to the user, to a macro called
SyncHandle. If synchronous mode is enabled (s€8ynchronize), the request is sent immedi-
ately. The library, however, waits until any error the procedure could generate at the server has
been handled.
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Allocating and Deallocating Memory

To support the possible reentry of these procedures, you must observe several conventions when
allocating and deallocating memory, most often done when returning data to the user from the
window system of a size the caller could not know in advance (for example, a list of fonts or a list
of extensions). The standard C library functions on many systems are not protected against sig-
nals or other multithreaded uses. The following analogies to standard I/O library functions have
been defined:

Xmalloc() Replacesnalloc()
XFree() Replacedree()
Xcalloc() Replacesalloc()

These should be used in place of any calls you would make to the normal C library functions.

If you need a single scratch buffer inside a critical section (for example, to pack and unpack data
to and from the wire protocol), the general memory allocators may be too expensive to use (par-
ticularly in output functions, which are performance critical). The following function returns a
scratch buffer for use within a critical section:

char *_XAllocScratchdisplay, nbyteg

Display *display,

unsigned longhbytes
display Specifies the connection to the X server.
nbytes Specifies the number of bytes required.

This storage must only be used inside of a critical section of your stub. The returned pointer can-
not be assumed valid after any call that might permit another thread to execute inside Xlib. For
example, the pointer cannot be assumed valid after any use G&tReq or Data families of

macros, after any use oXReply, or after any use of theXSendor XRead families of func-

tions.

The following function returns a scratch buffer for use across critical sections:

char *_XAllocTempdisplay, nbyteg
Display *display;
unsigned longhbytes

display Specifies the connection to the X server.
nbytes Specifies the number of bytes required.

This storage can be used across calls that might permit another thread to execute inside Xlib. The
storage must be explicitly returned to Xlib. The following function returns the storage:
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void _XFreeTempdisplay, buf, nbyteg
Display *display;,
char *uf;
unsigned longbytes

display Specifies the connection to the X server.
buf Specifies the buffer to return.
nbytes Specifies the size of the buffer.

You must pass back the same pointer and size that were returnd\bycTemp.

Portability Considerations

Many machine architectures, including many of the more recent RISC architectures, do not cor-
rectly access data at unaligned locations; their compilers pad out structures to preserve this char-
acteristic. Many other machines capable of unaligned references pad inside of structures as well
to preserve alignment, because accessing aligned data is usually much faster. Because the library
and the server use structures to access data at arbitrary points in a byte stream, all data in request
and reply packetsustbe naturally aligned; that is, 16-bit data starts on 16-bit boundaries in the
request and 32-bit data on 32-bit boundaries. All requesstbe a multiple of 32 bits in length

to preserve the natural alignment in the data stream. You must pad structures out to 32-bit bound-
aries. Pad information does not have to be zeroed unless you want to preserve such fields for
future use in your protocol requests. Floating point varies radically between machines and should
be avoided completely if at all possible.

This code may run on machines with 16-bit ints. So, if any integer argument, variable, or return
value either can take only nonnegative values or is declare@ARB16 in the protocol, be sure

to declare it asinsigned intand not asnt. (This, of course, does not apply to Booleans or enu-
merations.)

Similarly, if any integer argument or return value is decldZ@dRD32 in the protocol, declare it
as anunsigned longand not asnt or long. This also goes for any internal variables that may
take on values larger than the maximum 16eiisigned int.

The library currently assumes thatlaar is 8 bits, ashort is 16 bits, arint is 16 or 32 bits, and
along is 32 bits. ThePackData macro is a half-hearted attempt to deal with the possibility of
32 bit shorts. However, much more work is needed to make this work properly.

Deriving the Correct Extension Opcode

The remaining problem a writer of an extension stub procedure faces that the core protocol does
not face is to map from the call to the proper major and minor opcodes. While there are a number
of strategies, the simplest and fastest is outlined below.

1. Declare an array of pointers, _NFILE long (this is normally foundsidie.h> and is the
number of file descriptors supported on the system) of ¥fpaCodes. Make sure these
are all initialized to NULL.

2. When your stub is entered, your initialization test is just to use the display pointer passed in
to access the file descriptor and an index into the array. If the entry is NULL, then this is
the first time you are entering the procedure for this display. Call your initialization proce-
dure and pass to it the display pointer.

3. Once in your initialization procedure, cXlInitExtension ; if it succeeds, store the pointer
returned into this array. Make sure to establish a close display handler to allow you to zero
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the entry. Do whatever other initialization your extension requires. (For example, install
event handlers and so on.) Your initialization procedure would normally return a pointer to

the XExtCodes structure for this extension, which is what would normally be found in
your array of pointers.

4.  After returning from your initialization procedure, the stub can now continue normally,
because it has its major opcode safely in its hand iXEwCodes structure.
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Appendix D

Compatibility Functions

The X Version 11 and X Version 10 functions discussed in this appendix are obsolete, have been
superseded by newer X Version 11 functions, and are maintained for compatibility reasons only.

X Version 11 Compatibility Functions

You can use the X Version 11 compatibility functions to:
. Set standard properties

. Set and get window sizing hints

. Set and get aXStandardColormap structure

. Parse window geometry

. Get X environment defaults

Setting Standard Properties

To specify a minimum set of properties describing the simplest application, use
XSetStandardProperties This function has been supersededX8etWMProperties and sets
all or portions of the WM_NAME, WM_ICON_NAME, WM_HINTS, WM_COMMAND, and
WM_NORMAL_HINTS properties.

XSetStandardPropertiedi§play, w, window_namgicon_nameicon_pixmapargy, argc, hints)
Display *display;,
Window w;
char *window_name
char *icon_name
Pixmapicon_pixmap
char **argyv;
int argc;
XSizeHints *hints;

display Specifies the connection to the X server.

w Specifies the window.

window_name Specifies the window name, which should be a null-terminated string.
icon_name  Specifies the icon name, which should be a null-terminated string.
icon_pixmap Specifies the bitmap that is to be used for the icddae.

argv Specifies the application’s argument list.
argc Specifies the number of arguments.
hints Specifies a pointer to the size hints for the window in its normal state.

The XSetStandardPropertiesfunction provides a means by which simple applications set the
most essential properties with a single caBetStandardPropertiesshould be used to give a
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window manager some information about your program’s preferences. It should not be used by
applications that need to communicate more information than is possible with
XSetStandardProperties (Typically, argv is the argv array of your main program.) If the

strings are not in the Host Portable Character Encoding, the result is implementation dependent.

XSetStandardPropertiescan generat8adAlloc and BadWindow errors.

Setting and Getting Window Sizing Hints

Xlib provides functions that you can use to set or get window sizing hints. The functions dis-
cussed in this section use the flags andd8zeHints structure, as defined in thX&1/Xutil.h >
header file, and use the WM_NORMAL_HINTS property.

To set the size hints for a given window in its normal state X&&tNormalHints. This function
has been superseded ¥getWMNormalHints .

XSetNormalHintsdisplay, w, hints)
Display *display;
Window w;
XSizeHints *hints;

display Specifies the connection to the X server.
w Specifies the window.
hints Specifies a pointer to the size hints for the window in its normal state.

The XSetNormalHints function sets the size hints structure for the specified window. Applica-
tions useXSetNormalHints to inform the window manager of the size or position desirable for
that window. In addition, an application that wants wveorresize itself should caXSetNor-
malHints and specify its new desired location and size as well as making direct Xlib calls to
move orresize. This is because window managers may ignore redirected configure requests, but
they pay attention to property changes.

To set size hints, an application not only must assign values to the appropriate members in the
hints structure but also must set the flags member of the structure to indicate which information is
present and where it came from. A callX8etNormalHints is meaningless, unless the flags
member is set to indicate which members of the structure have been assigned values.

XSetNormalHints can generat®adAlloc and BadWindow errors.

To return the size hints for a window in its normal state XSetNormalHints . This function
has been superseded ¥¢etWMNormalHints .
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Status XGetNormalHintsiisplay, w, hints_returr)
Display *display;,
Window w;
XSizeHints *ints_return

display Specifies the connection to the X server.

w Specifies the window.
hints_return  Returns the size hints for the window in its normal state.

The XGetNormalHints function returns the size hints for a window in its normal state. It
returns a nonzero status if it succeeds or zero if the application specified no normal size hints for
this window.

XGetNormalHints can generate BadWindow error.

The next two functions set and read the WM_ZOOM_HINTS property.

To set the zoom hints for a window, us8etZoomHints. This function is no longer supported
by thelnter-Client Communication Conventions Manual

XSetZzoomHintsdisplay, w, zhintg)
Display *display;,
Window w;
XSizeHints *zhints

display Specifies the connection to the X server.
w Specifies the window.
zhints Specifies a pointer to the zoom hints.

Many window managers think of windows in one of three states: iconic, normal, or zoomed. The
XSetZoomHints function provides the window manager with information for the window in the
zoomed state.

XSetZoomHints can generatBadAlloc and BadWindow errors.

To read the zoom hints for a window, us&etZoomHints. This function is no longer supported
by thelnter-Client Communication Conventions Manual

Status XGetZoomHintslisplay, w, zhints_returr)
Display *display,
Window w;
XSizeHints *%zhints_return
display Specifies the connection to the X server.
w Specifies the window.
zhints_return Returns the zoom hints.

The XGetZoomHints function returns the size hints for a window in its zoomed state. It returns
a nonzero status if it succeeds or zero if the application specified no zoom size hints for this
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window.
XGetZoomHints can generate BadWindow error.

To set the value of any property of type WM_SIZE_HINTS, XiSetSizeHints This function
has been superseded ¥$etWMSizeHints.

XSetSizeHintsdisplay, w, hints property)
Display *display,
Window w;
XSizeHints *hints;
Atom property,

display Specifies the connection to the X server.
w Specifies the window.

hints Specifies a pointer to the size hints.
property Specifies the property name.

The XSetSizeHintsfunction sets theXSizeHints structure for the named property and the speci-
fied window. This is used b}SetNormalHints and XSetZoomHints, and can be used to set

the value of any property of type WM_SIZE_HINTS. Thus, it may be useful if other properties
of that type get defined.

XSetSizeHintscan generat®adAlloc, BadAtom, andBadWindow errors.

To read the value of any property of type WM_SIZE_HINTS, Xi€etSizeHints. This function
has been superseded X¢etWMSizeHints.

Status XGetSizeHintsi{splay, w, hints_return property)
Display *display;,
Windoww;
XSizeHints *ints_return
Atom property;

display Specifies the connection to the X server.
w Specifies the window.

hints_return  Returns the size hints.

property Specifies the property name.

The XGetSizeHints function returns thXSizeHints structure for the named property and the
specified window. This is used §GetNormalHints and XGetZoomHints. It also can be

used to retrieve the value of any property of type WM_SIZE_HINTS. Thus, it may be useful if
other properties of that type get definetiGetSizeHints returns a nonzero status if a size hint
was defined or zero otherwise.

XGetSizeHints can generatBadAtom and BadWindow errors.
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Getting and Setting an XStandardColormap Structure

To get theXStandardColormap structure associated with one of the described atoms, use
XGetStandardColormap. This function has been superseded{yetRGBColormap.

Status XGetStandardColormalgplay, w, colormap_returnproperty)

Display *display;,

Windoww;

XStandardColormapcblormap_return

Atom property; /* RGB_BEST_MAP, etc. */
display Specifies the connection to the X server.
w Specifies the window.

colormap_return
Returns the colormap associated with the specified atom.

property Specifies the property name.

The XGetStandardColormap function returns the colormap definition associated with the atom
supplied as the property argumeGetStandardColormap returns a nonzero status if suc-
cessful and zero otherwise. For example, to fetch the sta@fagScale colormap for a dis-

play, you useXGetStandardColormap with the following syntax:

XGetStandardColormap(dpy, DefaultRootWindow(dpy), &cmap, XA RGB_GRAY_MAP);

See section 14.3 for the semantics of standard colormaps.
XGetStandardColormap can generatBadAtom and BadWindow errors.

To set a standard colormap, UsBetStandardColormap. This function has been superseded by
XSetRGBColormap.

XSetStandardColormagisplay, w, colormap property)
Display *display,
Windoww;
XStandardColormapcblormap
Atom property; /* RGB_BEST_MAP, etc. */
display Specifies the connection to the X server.
w Specifies the window.
colormap Specifies the colormap.

property Specifies the property name.
The XSetStandardColormap function usually is only used by window or session managers.

XSetStandardColormap can generat®adAlloc, BadAtom, BadDrawable, and BadWindow
errors.
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Parsing Window Geometry

To parse window geometry given a user-specified position and a default position, use
XGeometry. This function has been supersededWMGeometry .

int XGeometry flisplay, screen position, default_position bwidth, fwidth, fheight, xadder,
yadder, X_return, y_return, width_return height_returr)
Display *display;
int screen
char *position, *default_position
unsigned inbwidth;
unsigned infwidth, fheight,
int xadder, yadder,
int *x_return, *y_return;
int *width_return *height_return

display Specifies the connection to the X server.
screen Specifies the screen.
position

default_position
Specify the geometry specifications.

bwidth Specifies the border width.

fheight

fwidth Specify the font height and width in pixels (increment size).
xadder

yadder Specify additional interior padding needed in the window.
X_return

y_return Return the x and y offsets.

width_return
height_return Return the width and height determined.

You pass in the border width (bwidth), size of the increments fwidth and fheight (typically font
width and height), and any additional interior space (xadder and yadder) to make it easy to com-
pute the resulting size. Thé&Geometry function returns the position the window should be

placed given a position and a default positiofGeometry determines the placement of a win-

dow using a geometry specification as specifiekBgarseGeometryand the additional informa-

tion about the window. Given a fully qualified default geometry specification and an incomplete
geometry specificatiol{ParseGeometryreturns a bitmask value as definedwabin the
XParseGeometrycall, by using the position argument.

The returned width and height will be the width and height specified by default_position as over-
ridden by any user-specified position. They are not affected by fwidth, fheight, xadder, or yadder.
The x and y coordinates are computed by using the border width, the screen width and height,
padding as specified by xadder and yadder, and the fheight and fwidth times the width and height
from the geometry specifications.
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Obtaining the X Environment Defaults

The XGetDefault function provides a primitive interface to the resource manager facilities dis-
cussed in chapter 15. It is only useful in very simple applications.

char *XGetDefaultdlisplay, program, option)
Display *display;,
char *program;
char *option;

display Specifies the connection to the X server.

program Specifies the program name for the Xlib defaults (usually argv[0] of the main
program).

option Specifies the option name.

The XGetDefault function returns the value of the resoupteg.option whereprogis the pro-

gram argument with the directory prefix removed aptionmust be a single component. Note

that multilevel resources cannot be used MetDefault. The class "Program.Name" is

always used for the resource lookup. If the specified option name does not exist for this program,
XGetDefault returns NULL. The strings returned §GetDefault are owned by Xlib and

should not be modified or freed by the client.

If a database has been set withmSetDatabase that database is used for the lookup. Other-

wise, a database is created and is set in the display (as if by ¢aln®ptDatabase. The

database is created in the current locale. To create a datAt®efault uses resources from

the RESOURCE_MANAGER property on the root window of screen zero. If no such property
exists, a resource file in the user’s home directory is used. On a POSIX-conformant system, this
file is SHOME/.Xdefaults. After loading these defaultXGetDefault merges additional

defaults specified by the XENVIRONMENT environment variable. If XENVIRONMENT is
defined, it contains a full path name for the additional resource file. If XENVIRONMENT is not
defined,XGetDefault looks for SHOME/.Xdefaults-name wherenamespecifies the name of

the machine on which the application is running.

X Version 10 Compatibility Functions

You can use the X Version 10 compatibility functions to:
. Draw and fill polygons and curves

. Associate user data with a value

Drawing and Filling Polygons and Curves

Xlib provides functions that you can use to draw or fill arbitrary polygons or curves. These func-
tions are provided mainly for compatibility with X Version 10 and have no server support. That
is, they call other Xlib functions, not the server directly. Thus, if you just have straight lines to
draw, usingXDrawLines or XDrawSegmentsis much faster.

The functions discussed here provide all the functionality of the X Version 10 funxirasv ,
XDrawFilled , XDrawPatterned, XDrawDashed, andXDrawTiled . They are as compatible

as possible given X Version 11’s new line drawing functions. One thing to note, however, is that
VertexDrawLastPoint is no longer supported. Also, the error status returned is the opposite of
what it was under X Version 10 (this is the X Version 11 standard error staidppendVertex
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and XClearVertexFlag from X Version 10 also are not supported.

Just how the graphics context you use is set up actually determines whether you get dashes or not,
and so on. Lines are properly joined if they connect and include the closing of a closed figure
(seeXDrawlLines). The functions discussed here fail (return zero) only if they run out of mem-

ory or are passed\éertex list that has d/ertex with VertexStartClosed set that is not followed

by aVertex with VertexEndClosed set.

To achieve the effects of the X Version ADraw , XDrawDashed, and XDrawPatterned, use
XDraw .

#include <X11/X10.h>

Status XDrawlisplay, d, gc, vlist, vcoun

Display *display,
Drawabled;
GCggc;
Vertex *vlist;
int vcount
display Specifies the connection to the X server.
d Specifies the drawable.
gc Specifies the GC.
vlist Specifies a pointer to the list of vertices that indicate what to draw.
vcount Specifies how many vertices are in vlist.

The XDraw function draws an arbitrary polygon or curve. The figure drawn is defined by the
specified list of vertices (vlist). The points are connected by lines as specified in the flags in the
vertex structure.

Each Vertex, as defined irX21/X10.h>, is a structure with the following members:

typedef struct _Vertex {
short x,y;
unsigned short flags;
} Vertex;

The x and y members are the coordinates of the vertex that are relative to either the upper-left
inside corner of the drawable {iertexRelative is zero) or the previous vertex {iertexRela-
tive is one).

The flags, as defined irX41/X10.h>, are as follows:
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VertexRelative 0x0001 /* else absolute */

VertexDontDraw 0x0002 /* else draw */

VertexCurved 0x0004  /* else straight */

VertexStartClosed 0x0008 /* else not */
VertexEndClosed 0x0010 /* else not */

If VertexRelative is not set, the coordinates are absolute (that is, relative to the drawable’s
origin). The first vertex must be an absolute vertex.

If VertexDontDraw is one, no line or curve is drawn from the previous vertex to this one.
This is analogous to picking up the pen and moving to another place before drawing
another line.

If VertexCurved is one, a spline algorithm is used to draw a smooth curve from the previ-
ous vertex through this one to the next vertex. Otherwise, a straight line is drawn from the
previous vertex to this one. It makes sense to/sgexCurved to one only if a previous

and next vertex are both defined (either explicitly in the array or through the definition of a
closed curve).

It is permissible foVertexDontDraw bits andVertexCurved bits both to be one. This is
useful if you want to define the previous point for the smooth curve but do not want an
actual curve drawing to start until this point.

If VertexStartClosed is one, then this point marks the beginning of a closed curve. This
vertex must be followed later in the array by another vertex whose effective coordinates are
identical and that has\éertexEndClosedbit of one. The points in between form a cycle

to determine predecessor and successor vertices for the spline algorithm.

This function uses these GC components: function, plane-mask, line-width, line-style, cap-style,
join-style, fill-style, subwindow-mode, clip-x-origin, clip-y-origin, and clip-mask. It also uses
these GC mode-dependent components: foreground, background, tile, stipple, tile-stipple-x-
origin, tile-stipple-y-origin, dash-offset, and dash-list.

To achieve the effects of the X Version ADrawTiled and XDrawkFilled , useXDrawkFilled .

#include <X11/X10.h>

Status XDrawkFilleddisplay, d, gc, vlist, vcoun)

Display *display,
Drawabled;
GCggc;
Vertex *vlist;
int vcount
display Specifies the connection to the X server.
d Specifies the drawable.
gc Specifies the GC.
vlist Specifies a pointer to the list of vertices that indicate what to draw.
vcount Specifies how many vertices are in vlist.

The XDrawkFilled function draws arbitrary polygons or curves and then fills them.
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This function uses these GC components: function, plane-mask, line-width, line-style, cap-style,
join-style, fill-style, subwindow-mode, clip-x-origin, clip-y-origin, and clip-mask. It also uses
these GC mode-dependent components: foreground, background, tile, stipple, tile-stipple-x-
origin, tile-stipple-y-origin, dash-offset, dash-list, fill-style, and fill-rule.

Associating User Data with a Value

These functions have been superseded by the context management functions (see section 16.10).
It is often necessary to associate arbitrary information with resource IDs. Xlib providéashe
socTablefunctions that you can use to make such an association. Application programs often
need to be able to easily refer to their own data structures when an event arriv®\sThe
socTablesystem provides users of the X library with a method for associating their own data
structures with X resource®ikmaps, Fonts, Windows, and so on).

An XAssocTablecan be used to type X resources. For example, the user may want to have three
or four types of windows, each with different properties. This can be accomplished by associat-
ing each X window ID with a pointer to a window property data structure defined by the user.

A generic type has been defined in the X library for resource IDs. It is called an XID.

There are a few guidelines that should be observed when usXgsaocTable
. All XIDs are relative to the specified display.

. Because of the hashing scheme used by the association mechanism, the following
rules for determining the size ob&ssocTableshould be followed. Associations will be
made and looked up more efficiently if the table size (number of buckets in the hash-
ing system) is a power of two and if there are not more than 8 XIDs per bucket.

To return a pointer to a neAssocTable useXCreateAssocTable

XAssocTable *XCreateAssocTablkize
int size
size Specifies the number of buckets in the hash systexf\esocTable
The size argument specifies the number of buckets in the hash sys{éwssotTable For rea-
sons of efficiency the number of buckets should be a power of two. Some size suggestions
might be: use 32 buckets per 100 objects, and a reasonable maximum number of objects per

buckets is 8. If an error allocating memory for KassocTableoccurs, a NULL pointer is
returned.

To create an entry in a givefAssocTable useXMakeAssoc.
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XMakeAssoc (lisplay, table, x_id, data)

Display *display;
XAssocTable table;
XID x_id;
char *data;
display Specifies the connection to the X server.
table Specifies the assoc table.
X_id Specifies the X resource ID.
data Specifies the data to be associated with the X resource ID.

The XMakeAssoc function inserts data into axAssocTablekeyed on an XID. Data is inserted
into the table only once. Redundant inserts are ignored. The queue in each association bucket is
sorted from the lowest XID to the highest XID.

To obtain data from a givexXAssocTable useXLookUpAssoc.

char *XLookUpAssocdisplay, table, x_id)

Display *display,

XAssocTable table;

XID x_id;
display Specifies the connection to the X server.
table Specifies the assoc table.
x_id Specifies the X resource ID.

The XLookUpAssoc function retrieves the data stored inJéAssocTableby its XID. If an
appropriately matching XID can be found in the tablepokUpAssoc returns the data associ-
ated with it. If the x_id cannot be found in the table, it returns NULL.

To delete an entry from a givefAssocTable useXDeleteAssoc

XDeleteAssocdisplay, table, x_id)

Display *display,

XAssocTable table;

XID x_id;
display Specifies the connection to the X server.
table Specifies the assoc table.
x_id Specifies the X resource ID.

The XDeleteAssocfunction deletes an association in)dAssocTablekeyed on its XID. Redun-
dant deletes (and deletes of nonexistent XIDs) are ignored. Deleting associations in no way
impairs the performance of afAssocTable

To free the memory associated with a giveékssocTable useXDestroyAssocTable
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‘ XDestroyAssocTableéble)
XAssocTable table;

L table Specifies the assoc table.
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Glossary

Access control list

X maintains a list of hosts from which client programs can be run. By default, only pro-
grams on the local host and hosts specified in an initial list read by the server can use the
display. This access control list can be changed by clients on the local host. Some server
implementations can also implement other authorization mechanisms in addition to or in
place of this mechanism. The action of this mechanism can be conditional based on the
authorization protocol name and data received by the server at connection setup.

Active grab

A grab is active when the pointer or keyboard is actually owned by the single grabbing
client.

Ancestors

If W is an inferior of A, then A is an ancestor of W.
Atom

An atom is a unique ID corresponding to a string name. Atoms are used to identify proper-
ties, types, and selections.

Background

An InputOutput window can have a background, which is defined as a pixmap. When
regions of the window have their contents lost or invalidated, the server automatically tiles
those regions with the background.

Backing store

When a server maintains the contents of a window, the pixels saved off-screen are known as
a backing store.

Base font name

A font name used to select a family of fonts whose members may be encoded in various
charsets. Th€harSetRegistry and CharSetEncodingfields of an XLFD name identify

the charset of the font. A base font name may be a full XLFD name, with all fourteen -’
delimiters, or an abbreviated XLFD name containing only the first 13 fields of an XLFD
name, up to but not includingharSetRegistry, with or without the thirteenth ’-’, or a
non-XLFD name. Any XLFD fields may contain wild cards.

When creating aiXFontSet, Xlib accepts from the client a list of one or more base font
names which select one or more font families. They are combined with charset names
obtained from the encoding of the locale to load the fonts required to render text.

Bit gravity
When a window is resized, the contents of the window are not necessarily discarded. lItis
possible to request that the server relocate the previous contents to some region of the win-

dow (though no guarantees are made). This attraction of window contents for some loca-
tion of a window is known as bit gravity.
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Bit plane

When a pixmap or window is thought of as a stack of bitmaps, each bitmap is called a bit
plane or plane.

Bitmap
A bitmap is a pixmap of depth one.
Border

An InputOutput window can have a border of equal thickness on all four sides of the win-
dow. The contents of the border are defined by a pixmap, and the server automatically
maintains the contents of the border. Exposure events are never generated for border
regions.

Button grabbing

Buttons on the pointer can be passively grabbed by a client. When the button is pressed,
the pointer is then actively grabbed by the client.

Byte order

For image (pixmap/bitmap) data, the server defines the byte order, and clients with different
native byte ordering must swap bytes as necessary. For all other parts of the protocol, the
client defines the byte order, and the server swaps bytes as necessary.

Character

A member of a set of elements used for the organization, control, or representation of text
(1ISO2022, as adapted by XPG3). Note that in ISO2022 terms, a character is not bound to a
coded value until it is identified as part of a coded character set.

Character glyph

The abstract graphical symbol for a character. Character glyphs may or may not map one-
to-one to font glyphs, and may be context-dependent, varying with the adjacent characters.
Multiple characters may map to a single character glyph.

Character set
A collection of characters.
Charset

An encoding with a uniform, state-independent mapping from characters to codepoints. A
coded character set.

For display in X, there can be a direct mapping from a charset to one font, if the width of

all characters in the charset is either one or two bytes. A text string encoded in an encoding
such as Shift-JIS cannot be passed directly to the X server, because the text imaging
requests accept only single-width charsets (either 8 or 16 bits). Charsets which meet these
restrictions can serve as “font charsets”. Font charsets strictly speaking map font indices

to font glyphs, not characters to character glyphs.

Note that a single font charset is sometimes used as the encoding of a locale, for example,
ISO8859-1.

Children
The children of a window are its first-level subwindows.
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Class

Windows can be of different classes or types. See the entribypfatOnly and
InputOutput windows for further information about valid window types.

Client

An application program connects to the window system server by some interprocess com-
munication (IPC) path, such as a TCP connection or a shared memory buffer. This program
is referred to as a client of the window system server. More precisely, the client is the IPC
path itself. A program with multiple paths open to the server is viewed as multiple clients

by the protocol. Resource lifetimes are controlled by connection lifetimes, not by program
lifetimes.

Clipping region
In a graphics context, a bitmap or list of rectangles can be specified to restrict output to a

particular region of the window. The image defined by the bitmap or rectangles is called a
clipping region.

Coded character
A character bound to a codepoint.
Coded character set

A set of unambiguous rules that establishes a character set and the one-to-one relationship
between each character of the set and its bit representation. (1ISO2022, as adapted by
XPG3) A definition of a one-to-one mapping of a set of characters to a set of codepoints.

Codepoint
The coded representation of a single character in a coded character set.
Colormap

A colormap consists of a set of entries defining color values. The colormap associated with
a window is used to display the contents of the window; each pixel value indexes the col-
ormap to produce an RGB value that drives the guns of a monitor. Depending on hardware
limitations, one or more colormaps can be installed at one time so that windows associated
with those maps display with true colors.

Connection

The IPC path between the server and client program is known as a connection. A client
program typically (but not necessarily) has one connection to the server over which
requests and events are sent.

Containment

A window contains the pointer if the window is viewable and the hotspot of the cursor is
within a visible region of the window or a visible region of one of its inferiors. The border
of the window is included as part of the window for containment. The pointer is in a win-
dow if the window contains the pointer but no inferior contains the pointer.

Coordinate system

The coordinate system has X horizontal and Y vertical, with the origin [0, O] at the upper
left. Coordinates are integral and coincide with pixel centers. Each window and pixmap
has its own coordinate system. For a window, the origin is inside the border at the inside
upper-left corner.
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Cursor

A cursor is the visible shape of the pointer on a screen. It consists of a hotspot, a source
bitmap, a shape bitmap, and a pair of colors. The cursor defined for a window controls the
visible appearance when the pointer is in that window.

Depth

The depth of a window or pixmap is the number of bits per pixel it has. The depth of a
graphics context is the depth of the drawables it can be used in conjunction with graphics
output.

Device

Keyboards, mice, tablets, track-balls, button boxes, and so on are all collectively known as
input devices. Pointers can have one or more buttons (the most common number is three).
The core protocol only deals with two devices: the keyboard and the pointer.

DirectColor

DirectColor is a class of colormap in which a pixel value is decomposed into three sepa-
rate subfields for indexing. The first subfield indexes an array to produce red intensity val-
ues. The second subfield indexes a second array to produce blue intensity values. The third
subfield indexes a third array to produce green intensity values. The RGB (red, green, and
blue) values in the colormap entry can be changed dynamically.

Display
A server, together with its screens and input devices, is called a display. THeisfliay

structure contains all information about the particular display and its screens as well as the
state that Xlib needs to communicate with the display over a particular connection.

Drawable

Both windows and pixmaps can be used as sources and destinations in graphics operations.
These windows and pixmaps are collectively known as drawables. Howelspuan
tOnly window cannot be used as a source or destination in a graphics operation.

Encoding

A set of unambiguous rules that establishes a character set and a relationship between the
characters and their representations. The character set does not have to be fixed to a finite
pre-defined set of characters. The representations do not have to be of uniform length.
Examples are an 1SO2022 graphic set, a state-independent or state-dependent combination
of graphic sets, possibly including control sets, and the X Compound Text encoding.

In X, encodings are identified by a string which appears a£hheSetRegistry and
CharSetEncoding components of an XLFD name; the name of a charset of the locale for
which a font could not be found; or an atom which identifies the encoding of a text property
or which names an encoding for a text selection target type. Encoding names should be
composed of characters from the X Portable Character Set.

Escapement

The escapement of a string is the distance in pixels in the primary draw direction from the
drawing origin to the origin of the next character (that is, the one following the given string)
to be drawn.
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Event

Clients are informed of information asynchronously by means of events. These events can
be either asynchronously generated from devices or generated as side effects of client
requests. Events are grouped into types. The server never sends an event to a client unless
the client has specifically asked to be informed of that type of event. However, clients can
force events to be sent to other clients. Events are typically reported relative to a window.

Event mask

Events are requested relative to a window. The set of event types a client requests relative
to a window is described by using an event mask.

Event propagation
Device-related events propagate from the source window to ancestor windows until some
client has expressed interest in handling that type of event or until the event is discarded
explicitly.

Event synchronization

There are certain race conditions possible when demultiplexing device events to clients (in
particular, deciding where pointer and keyboard events should be sent when in the middle
of window management operations). The event synchronization mechanism allows syn-
chronous processing of device events.

Event source

The deepest viewable window that the pointer is in is called the source of a device-related
event.

Exposure event

Servers do not guarantee to preserve the contents of windows when windows are obscured
or reconfigured. Exposure events are sent to clients to inform them when contents of
regions of windows have been lost.

Extension

Named extensions to the core protocol can be defined to extend the system. Extensions to
output requests, resources, and event types are all possible and expected.

Font
A font is an array of glyphs (typically characters). The protocol does no translation or
interpretation of character sets. The client simply indicates values used to index the glyph
array. A font contains additional metric information to determine interglyph and interline
spacing.

Frozen events
Clients can freeze event processing during keyboard and pointer grabs.

Font glyph
The abstract graphical symbol for an index into a font.

GC
GC is an abbreviation for graphics context. Geaphics context

Glyph

An identified abstract graphical symbol independent of any actual image. (ISO/IEC/DIS
9541-1) An abstract visual representation of a graphic character, not bound to a codepoint.
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Glyph image
An image of a glyph, as obtained from a glyph representation displayed on a presentation
surface. (ISO/IEC/DIS 9541-1)

Grab

Keyboard keys, the keyboard, pointer buttons, the pointer, and the server can be grabbed for
exclusive use by a client. In general, these facilities are not intended to be used by normal
applications but are intended for various input and window managers to implement various
styles of user interfaces.

Graphics context

Various information for graphics output is stored in a graphics context (GC), such as fore-
ground pixel, background pixel, line width, clipping region, and so on. A graphics context

can only be used with drawables that have the same root and the same depth as the graphics
context.

Gravity

The contents of windows and windows themselves have a gravity, which determines how
the contents wvewhen a window is resized. S8 gravity andWindow gravity .

GrayScale

GrayScale can be viewed as a degenerate cagesetidoColor, in which the red, green,
and blue values in any given colormap entry are equal and thus, produce shades of gray.
The gray values can be changed dynamically.

Host Portable Character Encoding

The encoding of the X Portable Character Set on the host. The encoding itself is not
defined by this standard, but the encoding must be the same in all locales supported by Xlib
on the host. If a string is said to be in the Host Portable Character Encoding, then it only
contains characters from the X Portable Character Set, in the host encoding.

Hotspot

A cursor has an associated hotspot, which defines the point in the cursor corresponding to
the coordinates reported for the pointer.

Identifier

An identifier is a unique value associated with a resource that clients use to name that
resource. The identifier can be used over any connection to hame the resource.

Inferiors

The inferiors of a window are all of the subwindows nested below it; the children, the chil-
dren’s children, and so on.

Input focus

The input focus is usually a window defining the scope for processing of keyboard input. If
a generated keyboard event usually would be reported to this window or one of its inferiors,
the event is reported as usual. Otherwise, the event is reported with respect to the focus
window. The input focus also can be set such that all keyboard events are discarded and
such that the focus window is dynamically taken to be the root window of whatever screen
the pointer is on at each keyboard event.
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Input manager

Control over keyboard input is typically provided by an input manager client, which usually
is part of a window manager.

InputOnly window

An InputOnly window is a window that cannot be used for graphics requéspaitOnly
windows are invisible and are used to control such things as cursors, input event generation,
and grabbing.InputOnly windows cannot havinputOutput windows as inferiors.

InputOutput window

An InputOutput window is the normal kind of window that is used for both input and out-
put. InputOutput windows can have botmputOutput andInputOnly windows as
inferiors.

Internationalization

The process of making software adaptable to the requirements of different native lan-
guages, local customs, and character string encodings. Making a computer program adapt-
able to different locales without program source modifications or recompilation.

1SO2022
ISO standard for code extension techniques for 7-bit and 8-bit coded character sets.
Key grabbing

Keys on the keyboard can be passively grabbed by a client. When the key is pressed, the
keyboard is then actively grabbed by the client.

Keyboard grabbing

A client can actively grab control of the keyboard, and key events will be sent to that client
rather than the client the events would normally have been sent to.

Keysym

An encoding of a symbol on a keycap on a keyboard.
Latin-1

The coded character set defined by the ISO8859-1 standard.
Latin Portable Character Encoding

The encoding of the X Portable Character Set using the Latin-1 codepoints plus ASCII con-
trol characters. If a string is said to be in the Latin Portable Character Encoding, then it
only contains characters from the X Portable Character Set, not all of Latin-1.
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Locale

The international environment of a computer program defining the “localized” behavior of
that program at run-time. This information can be established from one or more sets of
localization data. ANSI C defines locale-specific processing by C system library calls. See
ANSI C and the X/Open Portability Guide specifications for more details. In this specifica-
tion, on implementations that conform to the ANSI C library, the “current locale” is the
current setting of the LC_CTYP&etlocalecategory. Associated with each locale is a text
encoding. When text is processed in the context of a locale, the text must be in the encod-
ing of the locale. The current locale affects Xlib in its:

. Encoding and processing of input method text

. Encoding of resource files and values

. Encoding and imaging of text strings

. Encoding and decoding for inter-client text communication
Localization

The process of establishing information within a computer system specific to the operation
of particular native languages, local customs and coded character sets. (XPG3)

Locale name

The identifier used to select the desired locale for the host C library and X library functions.
On ANSI C library compliant systems, the locale argument tsétlecalefunction.

Mapped

A window is said to be mapped if a map call has been performed on it. Unmapped win-
dows and their inferiors are never viewable or visible.

Modifier keys

Shift, Control, Meta, Super, Hyper, Alt, Compose, Apple, CapsLock, ShiftLock, and simi-
lar keys are called modifier keys.

Monochrome
Monochrome is a special caseStaticGray in which there are only two colormap entries.
Multibyte
A character whose codepoint is stored in more than one byte; any encoding which can con-
tain multibyte characters; text in a multibyte encoding. The “char *” null-terminated
string datatype in ANSI C. Note that references in this document to multibyte strings
imply only that the stringmaycontain multibyte characters.
Obscure

A window is obscured if some other window obscures it. A window can be partially

obscured and so still have visible regions. Window A obscures window B if both are view-
able InputOutput windows, if A is higher in the global stacking order, and if the rectangle
defined by the outside edges of A intersects the rectangle defined by the outside edges of B.
Note the distinction between obscures and occludes. Also note that window borders are
included in the calculation.
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Occlude

A window is occluded if some other window occludes it. Window A occludes window B if
both are mapped, if A is higher in the global stacking order, and if the rectangle defined by
the outside edges of A intersects the rectangle defined by the outside edges of B. Note the
distinction between occludes and obscures. Also note that window borders are included in
the calculation and thanputOnly windows never obscure other windows but can occlude
other windows.

Padding

Some padding bytes are inserted in the data stream to maintain alignment of the protocol
requests on natural boundaries. This increases ease of portability to some machine archi-
tectures.

Parent window
If C is a child of P, then P is the parent of C.
Passive grab

Grabbing a key or button is a passive grab. The grab activates when the key or button is
actually pressed.

Pixel value

A pixel is an N-bit value, where N is the number of bit planes used in a particular window
or pixmap (that is, is the depth of the window or pixmap). A pixel in a window indexes a
colormap to derive an actual color to be displayed.

Pixmap

A pixmap is a three-dimensional array of bits. A pixmap is normally thought of as a two-
dimensional array of pixels, where each pixel can be a value from™3-th and where N

is the depth (z axis) of the pixmap. A pixmap can also be thought of as a stack of N
bitmaps. A pixmap can only be used on the screen that it was created in.

Plane

When a pixmap or window is thought of as a stack of bitmaps, each bitmap is called a
plane or bit plane.

Plane mask

Graphics operations can be restricted to only affect a subset of bit planes of a destination.
A plane mask is a bit mask describing which planes are to be modified. The plane mask is
stored in a graphics context.

Pointer

The pointer is the pointing device currently attached to the cursor and tracked on the
screens.

Pointer grabbing

A client can actively grab control of the pointer. Then button and motion events will be
sent to that client rather than the client the events would normally have been sent to.

Pointing device

A pointing device is typically a mouse, tablet, or some other device with effective dimen-
sional motion. The core protocol defines only one visible cursor, which tracks whatever
pointing device is attached as the pointer.
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POSIX
Portable Operating System Interface, ISO/IEC 9945-1 (IEEE Std 1003.1).
POSIX Portable Filename Character Set

The set of 65 characters which can be used in naming files on a POSIX-compliant host that
are correctly processed in all locales. The set is:

a.zA.Z0.9 . -

Property

Windows can have associated properties that consist of a name, a type, a data format, and
some data. The protocol places no interpretation on properties. They are intended as a
general-purpose naming mechanism for clients. For example, clients might use properties
to share information such as resize hints, program names, and icon formats with a window
manager.

Property list

The property list of a window is the list of properties that have been defined for the win-
dow.

PseudoColor

PseudoColoris a class of colormap in which a pixel value indexes the colormap entry to
produce an independent RGB value; that is, the colormap is viewed as an array of triples
(RGB values). The RGB values can be changed dynamically.

Rectangle

A rectangle specified by [x,y,w,h] has an infinitely thin outline path with corners at [x,y],
[x+wy], [x+w,y+h], and [X, y+h]. When a rectangle is filled, the lower-right edges are not
drawn. For example, if w=h=0, nothing would be drawn. For w=h=1, a single pixel would
be drawn.

Redirecting control

Window managers (or client programs) may enforce window layout policy in various ways.
When a client attempts to change the size or position of a window, the operation may be
redirected to a specified client rather than the operation actually being performed.

Reply

Information requested by a client program using the X protocol is sent back to the client
with a reply. Both events and replies are multiplexed on the same connection. Most
requests do not generate replies, but some requests generate multiple replies.

Request

A command to the server is called a request. It is a single block of data sent over a connec-
tion.

Resource

Windows, pixmaps, cursors, fonts, graphics contexts, and colormaps are known as
resources. They all have unique identifiers associated with them for naming purposes. The
lifetime of a resource usually is bounded by the lifetime of the connection over which the
resource was created.
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RGB values

RGB values are the red, green, and blue intensity values that are used to define a color.
These values are always represented as 16-bit, unsigned numbers, with 0 the minimum
intensity and 65535 the maximum intensity. The X server scales these values to match the
display hardware.

Root

The root of a pixmap or graphics context is the same as the root of whatever drawable was
used when the pixmap or GC was created. The root of a window is the root window under
which the window was created.

Root window

Each screen has a root window covering it. The root window cannot be reconfigured or
unmapped, but otherwise it acts as a full-fledged window. A root window has no parent.

Save set

The save set of a client is a list of other clients’ windows that, if they are inferiors of one of
the client’'s windows at connection close, should not be destroyed and that should be
remapped if currently unmapped. Save sets are typically used by window managers to
avoid lost windows if the manager should terminate abnormally.

Scanline

A scanline is a list of pixel or bit values viewed as a horizontal row (all values having the
same y coordinate) of an image, with the values ordered by increasing the x coordinate.

Scanline order

An image represented in scanline order contains scanlines ordered by increasing the y coor-
dinate.

Screen

A server can provide several independent screens, which typically have physically indepen-
dent monitors. This would be the expected configuration when there is only a single
keyboard and pointer shared among the screerScréenstructure contains the informa-

tion about that screen and is linked to Bisplay structure.

Selection

A selection can be thought of as an indirect property with dynamic type. That is, rather
than having the property stored in the X server, it is maintained by some client (the owner).
A selection is global and is thought of as belonging to the user and being maintained by
clients, rather than being private to a particular window subhierarchy or a particular set of
clients. When a client asks for the contents of a selection, it specifies a selection target
type, which can be used to control the transmitted representation of the contents. For
example, if the selection is “the last thing the user clicked on,” and that is currently an
image, then the target type might specify whether the contents of the image should be sent
in XY format or Z format.

The target type can also be used to control the class of contents transmitted; for example,
asking for the “looks” (fonts, line spacing, indentation, and so forth) of a paragraph selec-
tion, rather than the text of the paragraph. The target type can also be used for other pur-
poses. The protocol does not constrain the semantics.
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Server

The server, which is also referred to as the X server, provides the basic windowing mecha-
nism. It handles IPC connections from clients, multiplexes graphics requests onto the
screens, and demultiplexes input back to the appropriate clients.

Server grabbing

The server can be grabbed by a single client for exclusive use. This prevents processing of
any requests from other client connections until the grab is completed. This is typically
only a transient state for such things as rubber-banding, pop-up menus, or executing
requests indivisibly.

Shift sequence

ISO2022 defines control characters and escape sequences which temporarily (single shift)
or permanently (locking shift) cause a different character set to be in effect (“invoking” a
character set).

Sibling
Children of the same parent window are known as sibling windows.
Stacking order

Sibling windows, similar to sheets of paper on a desk, can stack on top of each other. Win-
dows abovéoth obscure and occlude lower windows. The relationship between sibling
windows is known as the stacking order.

State-dependent encoding

An encoding in which an invocation of a charset can apply to multiple characters in
sequence. A state-dependent encoding begins in an “initial state” and enters other “shift
states” when specific “shift sequences” are encountered in the byte sequence. In 1ISO2022
terms, this means use of locking shifts, not single shifts.

State-independent encoding

Any encoding in which the invocations of the charsets are fixed, or span only a single char-
acter. In1S0O2022 terms, this means use of at most single shifts, not locking shifts.

StaticColor

StaticColor can be viewed as a degenerate cagesefidoColorin which the RGB values
are predefined and read-only.

StaticGray

StaticGray can be viewed as a degenerate cageraf/Scalein which the gray values are
predefined and read-only. The values are typically linear or near-linear increasing ramps.

Status

Many Xlib functions return a success status. If the function does not succeed, however, its
arguments are not disturbed.

Stipple

A stipple pattern is a bitmap that is used to tile a region to serve as an additional clip mask
for a fill operation with the foreground color.
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STRING encoding
Latin-1, plus tab and newline.
String Equivalence

Two ISO Latin-1 STRINGS values are considered equal if they are the same length and if
corresponding bytes are either equal or are equivalent as follows: decimal values 65 to 90
inclusive (characters “A’ to “Z") are pairwise equivalent to decimal values 97 to 122
inclusive (characters “a” to “z"), decimal values 192 to 214 inclusive (characters “A

grave” to “O diaeresis”) are pairwise equivalent to decimal values 224 to 246 inclusive
(characters “a grave” to “o diaeresis”), and decimal values 216 to 222 inclusive (charac-
ters “O oblique” to “THORN?") are pairwise equivalent to decimal values 246 to 254
inclusive (characters “o oblique” to “thorn”).

Tile

A pixmap can be replicated in two dimensions to tile a region. The pixmap itself is also
known as a tile.

Timestamp

A timestamp is a time value expressed in milliseconds. It is typically the time since the last
server reset. Timestamp values wrap around (after about 49.7 days). The server, given its
current time is represented by timestamp T, always interprets timestamps from clients by
treating half of the timestamp space as being earlier in time than T and half of the times-
tamp space as being later in time than T. One timestamp value, represented by the constant
CurrentTime , is never generated by the server. This value is reserved for use in requests
to represent the current server time.

TrueColor
TrueColor can be viewed as a degenerate cadeirgfctColor in which the subfields in
the pixel value directly encode the corresponding RGB values. That is, the colormap has
predefined read-only RGB values. The values are typically linear or near-linear increasing
ramps.

Type
A type is an arbitrary atom used to identify the interpretation of property data. Types are

completely uninterpreted by the server. They are solely for the benefit of clients. X prede-
fines type atoms for many frequently used types, and clients also can define new types.

Viewable

A window is viewable if it and all of its ancestors are mapped. This does not imply that
any portion of the window is actually visible. Graphics requests can be performed on a
window when it is not viewable, but output will not be retained unless the server is main-
taining backing store.

Visible
A region of a window is visible if someone looking at the screen can actually see it; that is,
the window is viewable and the region is not occluded by any other window.

Whitespace

Any spacing character. On implementations that conform to the ANSI C library, whites-
pace is any character for whigdspacereturns true.
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Window gravity

When windows are resized, subwindows may be repositioned automatically relative to
some position in the window. This attraction of a subwindow to some part of its parent is
known as window gravity.

Window manager

Manipulation of windows on the screen and much of the user interface (policy) is typically
provided by a window manager client.

X Portable Character Set

A basic set of 97 characters which are assumed to exist in all locales supported by Xlib.
This set contains the following characters:

a..z A..Z 0.9 I"'#$%&'()*+,-./;;<=>?@[\] _{|} <space>, <tab>, and <newline>

This is the left/lower half (also called the GO set) of the graphic character set of ISO8859-1
plus <space>, <tab>, and <newline>. Itis also the set of graphic characters in 7-bit ASCII
plus the same three control characters. The actual encoding of these characters on the host
is system dependent; see the Host Portable Character Encoding.

XLFD
The X Logical Font Description Conventions that define a standard syntax for structured
font names.

XY format
The data for a pixmap is said to be in XY format if it is organized as a set of bitmaps repre-
senting individual bit planes with the planes appearing from most-significant to least-
significant bit order.

Z format
The data for a pixmap is said to be in Z format if it is organized as a set of pixel values in
scanline order.
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