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Chapter 1

Introduction to Xlib

The X Windav System is a network-transparent wimdsystem that was designed at MIX

display servers run on computers with either monochrome or color bitmap displaytearde
server distributes user input to and accepts output requests from various client programs located
either on the same machine or elsewhere in theanktwXlib is a C subroutine library that appli-
cation programs (clients) use to interface with the winggstem by means of a stream connec-

tion. Althougha dient usually runs on the same machine as the X server it is talking to, this need
not be the case.

Xlib = C Languae X hterfaceis a reference guide to the lowskC language interface to the X
Window System protocol. It is neither a tutorial nor a usegide to programming the X Win-

dow System. Ratheiit provides a detailed description of each function in the library as well as a
discussion of the related background informati¥tib — C Languae X hterfaceassumes a

basic understanding of a graphics wiwdsystem 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 highevdd ibraries, see the appropriate toolkit
documentation. Th¥ Window System Protocprovides the definkie word on the behavior of

X. Althoughadditional information appears here, the protocol document is the ruling document.

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

. Errors

. Standard header files

. Generic values and types

. Naming and argument ceantions within Xlib

. Programming considerations

. Character sets and encodings

. Formatting comentions

1.1. Owerview 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 hee dfferent meanings in XYou may find it helpful to refer to the glossary,
which is located at the end of the book.

The X Windav System supports one or more screens containiedapping windows or subwin-
dows. Ascreen is a physical monitor and hardware that can be gagscale, or monochrome.
There can be multiple screens for each displayarkstation. Asingle X server can provide dis-
play services for gannumber of screensA set of screens for a single user with oegtioard 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 lyiesaach
root windav, which covers each of the display screens. Each root windgpartially or com-
pletely cavered by child windars. All windows, except for root windows, V&parents. Therés
usually at least one windofor each application program. Child windows may in turvehaeir
own children. Inthis way an gplication program can create an arbitrarily deep tree on each
screen. Xprovides graphics, text, and raster operations for windows.

A child window can be larger than its parent. That is, part or all of the child wircdm extend
beyond the boundaries of the parent, but all output to a wirgldipped by its parent. If seral
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children of a windw haveoverlapping locations, one of the children is considered to be on top of
or raised wer the others, thus obscuring them. Output to areared by other windows is sup-
pressed by the wingosystem unless the windohas backing store. If a windois obscured by

a £cond windwy, the second winde obscures only those ancestors of the second wiirtllat

are also ancestors of the first wimdo

A window has a border zero or more pixels in width, which can epatiern (pixmap) or solid
color you like. Awindow usually but not alays has a background pattern, which will be
repainted by the windo system when uncered. Childwindows obscure their parents, and
graphic operations in the parent wimdosually are clipped by the children.

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

X does not guarantee to presetive contents of windes. Whenpart or all of a winde is hid-

den and then brought back onto the screen, its contents may be lost. The server then sends the
client program arExposeevent to notify it that part or all of the windoneeds 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 asatles.

Most of the functions in Xlib just add requests to an output buffeese requests latexeeute
asynchronously on the X servdtunctions that return values of information stored in the server
do not return (that is, tyeblock) until an explicit reply is recegd or an eror occurs.You can
provide an error handlewhich will be called when the error is reported.

If a client does not want a request ¥e@ite asynchronouslit can follow the request with a call
to XSync, which blocks until all previously buffered asynchronouvanés hae been sent and
acted on. As an important side effect, the output buffer in Xlibwayal 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 1D, which allows you to refer to objects
stored on the X serveiThese can be of typ&indow, Font, Pixmap, Colormap, Cursor, and
GContext, as efined in the file X11/X.h>. Thesaesources 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 programg-onts and cursors are shared automatically across multiple screens.
Fonts are loaded and unloaded as needed and are shared by multiple Etetssre often

cached in the serveilib provides no support for sharing graphics contexts between applica-
tions.

Client programs are informed ofemts. Eents may either be side effects of a request (for exam-
ple, restacking windows generatésposeevents) or completely asynchronous (for example,
from the leyboard). Aclient program asks to be informed wkets. Becausether applications
can send\ents to your application, programs must be prepared to handle (or ignemt ef all
types.

Input events (for example, ady ressed or the pointer mad) arrive asynchronously from the
server and are queued until yleee requested by an explicit call (for exampi&yextEvent or
XWindowEvent). Inaddition, some library functions (for examp}RaiseWindow) generate
Exposeand ConfigureRequestevents. Thesevents also arsie asynchronouslybut the client
may wish to explicitly wait for them by callingSync after calling a function that can cause the
server to generatevents.
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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 regurmemts. Becau<@ does

not provide multiple return values, mafunctions 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. Functionghat 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 awgin request, the server can repory ahthem.

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

When Xlib detects an errdt calls an error handlewhich your program can pvae. If you do
not provide an error handlehe error is printed, and your program terminates.

1.3. StandardHeader Files

The following include files are part of the Xlib standard:

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

lease This symbol is defined to e the 6 in this release of the standard. (Release 5 of
Xlib was the first release toVmthis 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 from>11/Xlib.h>, so application code shouldveeneed to
reference this file directly.

. <X11/Xcms.h>

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 Colon@aion

Contexts macros, are declared in this filX1%/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 andXd./ ¥lib.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 15XK/Xlib.h> must be included before including this
file.

. <X11/Xatom.h>
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 appen-
dix B. All cursor symbols hae te prefix “XC_".

. <X11/keysymdef.l»

This file declares all standard¥Sym values, which are symbols with the prefix “XK_".
The KeySyms are arranged in groups, and a preprocessor symbol controls inclusion of each
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group. Thepreprocessor symbol must be defined prior to inclusion of the file to obtain the
associatedalues. Thereprocessor symbols are XK_MISCELLANXK_XKB_KEYS,
XK_3270, XK_LATIN1, XK_LATIN2, XK_LATIN3, XK_LATIN4, XK_KA TAKANA,
XK_ARABIC, XK_CYRILLIC, XK_GREEK, XK_TECHNICAL, XK_SPECIAL,
XK_PUBLISHING, XK_APL, XK_HEBREW XK_THAI, and XK_KOREAN.

<X11/keysym.I»
This file defines the preprocessor symbols XK_MISCELLAXK_XKB_KEYS,

XK_LATIN1, XK_LATIN2, XK_LATIN3, XK_LATIN4, and XK_GREEK and then
includes X11/keysymdef.t».

<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&s X Xlib.h>.

<X11/Xproto.h>

This file declares types and symbols for the basic X protocol, for use in implementing
extensions. lis included automatically fromXL1/Xlibint.h >, so application and exten-
sion code should ner 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. lis included automatically fromxl1/Xproto.h>, so application and exten-
sion code should ner 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. GenericValues and Types
The following symbols are defined by Xlib and used throughout the manual:

Xlib defines the typ®ool and the Boolean valués ue and False.

None s the urversal null resource ID or atom.

The typeXID is used for generic resource IDs.

The typeXPointer is defined to be ch&and is used as a generic opaque pointer to data.

1.5. Namingand Argument Corventions within Xlib

Xlib follows a number of carentions for the naming and syntax of the functionsveGihat you
remember what information the function requires, theseantions are intended to makhe
syntax of the functions more predictable.

The major naming caentions are:

To differentiate the X symbols from the other symbols, the library uses mixed case for
external symbols. It leges lowercase for variables and all uppercase for user macros, as
per existing covention.

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 genegal$hing that a user
might dereference begins with a capital X.

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

All elements of or variables in a data structure arevietoase. Compoundords, where
needed, are constructed with underscorgs (
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. The display argument, where used, i8a 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 dawable), the graphics context occurs in the argument list after the other
resource. Dnaables outrank all other resources.

. Source arguments\abys precede the destination arguments in the argument list.

. The x argument alays precedes the y argument in the argument list.

. The width argument alays precedes the height argument in the argument list.

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

. Where a mask is accompanied with a structure, the masisaprecedes 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 argn levd of performance. Coordinatesually are
declared as amt in the interbce. \Alues larger than 16 bits are truncated silerfliges
(width and height) are declared as unsigned quantities.

. Keyboards are the greatest variable between different manufactuoekstations. lfyou
want your program to be portable, you should be particularly consex\atie.

. Mary display systems & limited amounts of off-screen memony§ you can, you should
minimize use of pixmaps and backing store.

. The user should kra @ontrol of his screen real estate. Therefore, you should write your
applications to react to windomanagement rather than presume control of the entire
screen. Whayou do inside of your top-lel window, howevae, is up to your application.
For further information, see chapter 14 andltiter-Client Communication Conventions
Manual

1.7. CharacterSets and Encodings

Some of the Xlib functions makeference to specific character sets and character encodings.
The following are the most common:

. 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.zA..Z0.9
"#$%&’()*+,-./:;<=>?@[\]"_{|}"
<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. Thactual 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.
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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 Languae X hterfaceuses the following caentions:

Global symbols are printed ithis special bnt. These can be either function names, sym-
bols defined in include files, or structure names. When declared and defined, function argu-
ments are printed ialics. In the explanatory text that follows, thasually are printed in

regular type.

Each function is introduced by a general discussion that distinguishes it from other func-
tions. Thefunction 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 Cvennments. Generaliscussion of the
function, if ary is required, follows the guments. Wherapplicable, the last paragraph of
the explanation lists the possible Xlib error codes that the function can gertanate.
complete discussion of the Xlib error codes, see section 11.8.2.

To diminate ary 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
specifiesr, in the case of multiple arguments, the wepecify The explanations for all
arguments that are returned to you start with the wetminsor, in the case of multiple
arguments, the wonetturn. The explanations for all arguments that you can pass and are
returned start with the wordpecifies and returns

Any pointer to a structure that is used to return a value is designated as suchrieyutime

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 tha_outsuffix.
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Chapter 2

Display Functions

Before your program can use a displgyu must establish a connection to the X ser@ice
you hae established a connection, you then can use the Xlib macros and functions discussed in
this chapter to return information about the displalgis chapter discusseswto:

. Open (connect to) the display

. Obtain information about the displdynage formats, or screens
. Generate aNoOperation protocol request

. Free client-created data

. Close (disconnect from) a display

. Use X Server connection close operations

. Use Xlib with threads

. Use internal connections

2.1. Openingthe Display
To gpen a connection to the X server that controls a disps@XOpenDisplay.

Display *XOpenDisplaydisplay_namg
char *display_name

display_name Specifies the hardware display name, which determines the display and commu-
nications domain to be usedOon a POSIX-conformant system, if the dis-
play_name is NULL, it defaults to the value of the DISKLgxvironment \ari-
able.

The encoding and interpretation of the display name are implementation-dependent. Strings in
the Host Portable Character Encoding are supported; support for other characters is implementa-
tion-dependent. OROSIX-conformant systems, the display name or DISPé&Avironment

variable can be a string in the format:

protocol/ hostnamenumberscreen_number

protocol Specifies a protocol family or an alias for a protocol famypported protocol
families are implementation dependent. The protocol entry is optional. If proto-
col is not specified, the / separating protocol and hostname must also not be spec-
ified.

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

number Specifies the number of the display server on that host macYooemay
optionally follow this display number with a period (A single CPU can hae
more than one displayMultiple displays are usually numbered starting with
zero.
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screen_numbeBpecifies the screen to be used on that seMaltiple screens can be controlled
by a single X serverThe screen_number sets an internal variable that can be
accessed by using thzgefaultScreenmacro 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 protocol is specified as "tcp”, "inet", or

"inet6", or if no protocol is specified and the hostname is a host machine name and a single colon
(:) separates the hostname and display nund@penDisplay connects using TCP streams. (If

the protocol is specified as "inet", TCRepIPv4 is used. If the protocol is specified as "inet6",

TCP over IPV6 is used. Otherwise, the implementation determines which IP version is used.) If
the hosthame and protocol are both not specified, Xlib useswshéteelieves is he fastest

transport. Ifthe hostname is a host machine name and a double colon (::) separates the hostname
and display numbeOpenDisplay connects using DECneA single X server can support any

or all of these transport mechanisms simultaneouslgarticular Xlib implementation can sup-

port maly 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, dl of the screens in the display can be used by the client. The screen number
specified in the display_name argument is returned bipéfaultScreenmacro (or theXDe-
faultScreen function). You can access elements of tisplay and Screenstructures only by
using the information macros or functiorisor 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 the Display structure. Thenacros are used for C programming, and their corresponding
function equalents are for other language bindings. This section discusses the:

. Display macros
. Image format functions and macros
. Screen information macros

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 musendirectly modify or inspect these
private members of th®isplay structure.

Note

The XDisplayWidth , XDisplayHeight, XDisplayCells, XDisplayPlanes XDis-
playWidthMM , and XDisplayHeightMM functions in the next sections are mis-
named. Thestinctions really should be named Scwhateverand XScreewhat-
ewer, not Displaywhateveror XDisplaywhatever Our apologies for the resulting
confusion.
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2.2.1. DisplayMacros

Applications should not directly modify wpart of theDisplay and Screenstructures. The
members should be considered read-atilygough thg may change as the result of other opera-
tions on the display.

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

AllPlanes

unsigned long XAllPlanes()

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 agdsaseamay not actually be

black or white. The names are intended tovegrthe expected relat intensity of the colors.

BlackPixel (display, screen_numbegr

unsigned long XBlackP#® (display, screen_numbger
Display *display;
int screen_number

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

Both return the black pixel value for the specified screen.

WhitePixel (display, screen_numbér
unsigned long XWhiteP#&! (display, screen_number

Display *display;
int screen_number

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

Both return the white pixel value for the specified screen.

ConnectionNumbexisplay)

int XConnectionNumbedisplay)
Display *display;

display Specifies the connection to the X server.

Both return a connection number for the specified displaya FOSIX-conformant system, this
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is the file descriptor of the connection.

DefaultColormapdisplay, screen_numbér

Colormap XDeaultColormapdisplay, screen_numbér

Display *display;

int screen_number
display Specifies the connection to the X server.
screen_numbeBpecifies 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.

DefaultDepth flisplay, screen_numbér

int XDefaultDepth flisplay, screen_numbér

Display *display;

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

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

To determine the number of depths that ara@lable on a gren screen, useXListDepths.

int *XListDepths display, screen_numbecount_returr)
Display *display;
int screen_number
int *count_return

display Specifies the connection to the X server.

screen_numbeBpecifies the appropriate screen number on the host server.
count_return Returns the number of depths.

The XListDepths function returns the array of depths that ar@lable 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 edilable depths. Otherwise, it does not set
count_return and returns NULLTo release the memory allocated for the array of depths, use
XFree.

10



Xlib = C Library libX11 1.3.2

DefaultGC (display, screen_number

GC XDefaultGC (display, screen_numb@r
Display *display;
int screen_number

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

Both return the default graphics context for the root windbthe specified screen. This GC is
created for the carenience 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, respeetly. You can modify its contents freely because it is not usedyiX lm func-

tion. ThisGC should neer be freed.

DefaultRootWinda (display)

Window XDefaultRootWinda (display)
Display *display;

display Specifies the connection to the X server.

Both return the root windw for the default screen.

DefaultScreenOfDisplaydisplay)

Screen *XDeaultScreenOfDisplaydisplay)
Display *display;

display Specifies the connection to the X server.

Both return a pointer to the default screen.

ScreenOfDisplaydisplay, screen_numbér

Screen *XScreenOfDisplag(splay, screen_numbgr
Display *display;
int screen_number

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

Both return a pointer to the indicated screen.

11
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DefaultScreendisplay)

int XDefaultScreendisplay)
Display *display;

display Specifies the connection to the X server.
Both return the default screen number referenced bX@@enDisplay function. Thismacro or

function should be used to rewréethe screen number in applications that will use only a single
screen.

DefaultMisual (display, screen_numbér

Visual *XDefaultMsual display, screen_number
Display *display;
int screen_number

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

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

DisplayCells flisplay, screen_numbér

int XDisplayCellsdisplay, screen_numbegr
Display *display;
int screen_number

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

Both return the number of entries in the default colormap.

DisplayPlanesdisplay, screen_number

int XDisplayPlanesdisplay, screen_numbgr
Display *display;
int screen_number

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

Both return the depth of the root windof the specified screerkzor an explanation of depth, see
the glossary.

12
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DisplayString flisplay)

char *XDisplayString {lisplay)
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 inoke the fork system call and want to open amngnnection 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 XExtendedMaxRequestSizdunction 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 fulkdicavs-

Lines, XDrawArcs, XFillPolygon, XChangeProperty, XSetClipRectangles and XSetRe-

gion will use the extended-length encoding as necesi$anpported by the servetJse of the
extended-length encoding in other Xlib functions (for examgRrawPoints, XDrawRectan-

gles, 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.

LastkKnavnRequestProcessatigplay)

unsigned long XLastKnenRequestProcesseatigplay)
Display *display;
display Specifies the connection to the X server.

Both extract the full serial number of the last request known by Xlibve lbeen processed by

13
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the X server Xlib automatically sets this number when repli@gnés, and errors are reged.

NextRequestdisplay)

unsigned long XNeRequestdisplay)
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.

Protocol\érsion @isplay)

int XProtocol\érsion display)
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.

ProtocolReision (display)

int XProtocolReision (display)
Display *display;

display Specifies the connection to the X server.

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

QLengthdisplay)

int XQLengthdisplay)
Display *display;

display Specifies the connection to the X server.

Both return the length of theent queue for the connected displdyote that there may be more
events that hee rot been read into the queue yet (¥&a/entsQueued.

14
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RootWindav(display, screen_numbé@r

Windov XRootWindav(display, screen_numbér
Display *display;
int screen_number

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

Both return the root windma These are useful with functions that need avebde of a particular
screen and for creating topsgtwindows.

ScreenCountlisplay)

int XScreenCountdisplay)
Display *display;

display Specifies the connection to the X server.

Both return the number ofalable screens.

Server\éndor @isplay)
char *XServeréndor @isplay)
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.

VendorReleasalisplay)
int XVendorReleaseal{splay)
Display *display;

display Specifies the connection to the X server.

Both return a number related to a vendazlease of the X server.

2.2.2. ImageFormat Functions and Macros

Applications are required to present data to the X server in a format that the server déimands.
help simplify applications, most of the work required toveninthe 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:

15
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typedef struct {
int depth;
int bits_per_pixel;
int scanline_pad;
} X PixmapFormatValues;

To dbtain the pixmap format information for asgn display, use XListPixmapFormats.

XPixmapFormatValues *XListPixmamiFmats @isplay, count_returr)
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 ofPixmapFormatValues structures that
describe the types of Z format images supported by the specified difplagufficient memory
is available, XListPixmapFormats returns NULL. To free the allocated storage for the
XPixmapFormatValues structures, usXFree.

The following lists the C language macros, their corresponding functiovalsmis that are for
other language bindings, and what daty thath return for the specified server and screen.
These are often used by toolkits as well as by simple applications.

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 ditBFirst or MSB-
First.

BitmapUnit (display)

int XBitmapUnit(display)
Display *display;

display Specifies the connection to the X server.

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

16
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BitmapBitOrder @isplay)
int XBitmapBitOrder @isplay)
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 le®BFRirst or
MSBFirst .

BitmapRad (display)

int XBitmapPFad (display)
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.

DisplayHeight@isplay, screen_numbegr

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

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

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

DisplayHeightMM (display, screen_numbe@r
int XDisplayHeightMM (display, screen_numbe@r

Display *display;
int screen_number

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

Both return the height of the specified screen in millimeters.

17
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DisplayWidth (display, screen_numbgr

int XDisplayWdth (display, screen_numb@r
Display *display;
int screen_number

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

Both return the width of the screen in pixels.

DisplayWdthMM (display, screen_numbe@r

int XDisplayWdthMM (display, screen_numbe@r
Display *display;
int screen_number

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

Both return the width of the specified screen in millimeters.

2.2.3. Sceen Information Macros

The following lists the C language macros, their corresponding functiovalsmis that are for
other language bindings, and what daty theth can return. These macros or functions ak &k
pointer to the appropriate screen structure.

BlackPixelOfScreengcreer)

unsigned long XBlackP&{OfScreengcreen)
Screen screen

screen Specifies the appropriatécreenstructure.

Both return the black pixel value of the specified screen.

WhitePixelOfScreengcreer)

unsigned long XWhiteP&dOfScreengcreer)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the white pixel value of the specified screen.

18
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CellsOfScreendgcreer)

int XCellsOfScreengcreer)
Screen screen

screen Specifies the appropriatécreenstructure.

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

DefaultColormapOfScreers€reer)

Colormap XDe#éultColormapOfScreers€reer)
Screen screen

screen Specifies the appropriatécreenstructure.

Both return the default colormap of the specified screen.

DefaultDepthOfScreerscreern)

int XDefaultDepthOfScreersgreer)
Screen screen

screen Specifies the appropriatécreenstructure.

Both return the depth of the root windo

DefaultGCOfScreerdcreern)

GC XDefaultGCOfScreerdcreer)
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 windw of the screen. The GC mustueebe freed.

DefaultMsualOfScreengcreer)

Visual *XDefaultMsualOfScreengcreer)
Screen screen

screen Specifies the appropriatécreenstructure.

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

int XDoesBackingStorescreer)
Screen screen

screen Specifies the appropriatécreenstructure.

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).

DoesSsaeUnders gcreer)

Bool XDoesSwaeUnders gcreer)
Screen screen

screen Specifies the appropriatécreenstructure.

Both return a Boolean value indicating whether the screen suppeetensiers. IfTrue, the
screen supportseawnders. IfFalse, the screen does not supponesanders (see section 3.2.5).

DisplayOfScreengcreen

Display *XDisplayOfScreengcreer)
Screen screen

screen Specifies the appropriatécreenstructure.

Both return the display of the specified screen.

int XScreenNumberOfScreesdreern)
Screen screen

screen Specifies the appropriatécreenstructure.

The XScreenNumberOfScreenfunction returns the screen indeumber of the specified screen.

EventMaskOfScreersgreer)

long XEventMaskOfScreersgreer)
Screen screen

screen Specifies the appropriatécreenstructure.

Both return thewent mask of the root windefor the specified screen at connection setup time.

20
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WidthOfScreengcreer)

int XWidthOfScreengcreen
Screen screen

screen Specifies the appropriatécreenstructure.

Both return the width of the specified screen in pixels.

HeightOfScreendcreer)

int XHeightOfScreengcreer)
Screen screen

screen Specifies the appropriatécreenstructure.

Both return the height of the specified screen in pixels.

WidthMMOfScreengcreer)

int XWidthMMOfScreen gcreer)
Screen screen

screen Specifies the appropriatécreenstructure.

Both return the width of the specified screen in millimeters.

HeightMMOfScreengcreer)

int XHeightMMOfScreensgcreer)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the height of the specified screen in millimeters.

MaxCmapsOfScreersreer)

int XMaxCmapsOfScreerstreer)
Screen screen

screen Specifies the appropriatécreenstructure.

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

int XMinCmapsOfScreerscreer)
Screen screen

screen Specifies the appropriatécreenstructure.

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

PlanesOfScreers¢reer)

int XPlanesOfScreers€reern)
Screen screen

screen Specifies the appropriatécreenstructure.

Both return the depth of the root windo

RootWindavOfScreensgcreer)

Windov XRootWindavOfScreengcreer)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the root windw of the specified screen.

2.3. Generatinga NoOperation Protocol Request
To execute aNoOperation 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 seryérereby &ercising
the connection.

2.4. Freeing Client-Created Data
To free in-memory data that was created by an Xlib functionX&see.

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 datianust use
it to free ary objects that were allocated by Xlib, unless an alternate function is explicitly
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specified for the objectA NULL pointer cannot be passed to this function.

2.5. Closingthe Display
To dose a display or disconnect from the X seruse XCloseDisplay.

XCloseDisplaydisplay)
Display *display;

display Specifies the connection to the X server.

The XCloseDisplayfunction closes the connection to the X server for the display specified in the
Display structure and destroys all windows, resource Msndow, Font, Pixmap, Colormap,
Cursor, and GContext), or other resources that the client has created on this diaplegs the
close-down mode of the resource has been changeX$&t€loseDownModg. Therefore,

these windows, resource IDs, and other resources shaddbsereferenced again or an error

will be generated. Before exiting, you should ¢étloseDisplay explicitly so that ag 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 tosewdter the client’'s
connection is closedTlo change a client' dose-down mode, us¥SetCloseDownMode

XSetCloseDwnMode (display, close_modg
Display *display;
int close_modg
display Specifies the connection to the X server.

close_mode Specifies the client close-down modéou can pasDestroyAll, RetainPerma-
nent, or RetainTemporary.

The XSetCloseDownModedefines what will happen to the cliettsources at connection
close. Aconnection starts iDestroyAll mode. fer information on what happens to the client’s
resources when the close_mode argumeReisinPermanentor RetainTemporary, see sec-
tion 2.6.

XSetCloseDownModecan generate BadValue error.

2.6. UsingX Server Connection Close Operations

When the X serves’annection to a client is closed either by an explicit caX@loseDisplay
or by a process that exits, the X server performs the following automatic operations:

. It disowns all selections owned by the client (¥&etSelectionOwnej.

. It performs anXUngrabPointer and XUngrabKeyboard if the client has actely
grabbed the pointer or theyboard.

. It performs anXUngrabServer if the client has grabbed the server.
. It releases all pass gabs made by the client.
. It marks all resources (including colormap entries) allocated by the client either as perma-

nent or temporaryepending on whether the close-down modResainPermanentor
RetainTemporary. Howeva, this does not prent other client applications from explic-
itly destroying the resources (sE&etCloseDownModsg.

When the close-down modeestroyAll, the X server destroys all of a clienttsources as fol-
lows:
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. It examines each windwin the clients saveset to determine if it is an inferior (subwin-
dow) of a windav created by the client. (Thewsaset is a list of other clients’ windows
that are referred to asv&sset windaovs.) If so, the X server reparents theesaet window
to the closest ancestor so that theesset windav is not an inferior of a winde created by
the client. The reparenting k@ unchanged the absolute coordinates (with respect to the
root window) of the upper-left outer corner of theesaet windav.

. It performs aMapWindow request on the se-set windav if the s&e-set windav is
unmapped. Th& server does thisven if the sae-set windav 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 nonwinesource 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_nieitrof/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 thatveaierminated inRetainPermanentor 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 exampledick, 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. UsingXlib with Threads

On systems that ke threads, support may be provided to permit multiple threads to use Xlib
concurrently.

To initialize support for concurrent threads, udeitThreads .

Status XlInitThreads);

The XlnitThreads function initializes Xlib support for concurrent threads. This function must
be the first Xlib function a multi-threaded program calls, and it must complete beyorthan

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 funatays edturns zero.

It is only necessary to call this function if multiple threads might use Xlib concurréhéy

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.
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To lock a display acrosswal Xlib calls, useXLockDisplay .

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 dis@ther
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 Xdnithreads .

To unlock a displayuse XUnlockDisplay .

void XUnlockDisplay display)
Display *display;

display Specifies the connection to the X server.

The XUnlockDisplay function allows other threads to use the specified displayad\ry

threads that hee Hocked on the display are allowed to continue. Nested locking works correctly;
if XLockDisplay has been called multiple times by a thread, tkE&imlockDisplay must be

called an equal number of times before the display is actually wdockhisfunction has no

effect unless Xlib was successfully initialized for threads uXimitThreads .

2.8. Usinginternal Connections

In addition to the connection to the X sepnaar Xib implementation may require connections to
other kinds of servers (for example, to input method servers as described in chapteptkiys

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 inpweikable and need to

process that input when it isallable. Simpleclients that use a single display and block for input

in an Xlib event function do not need to use these facilities.

To track internal connections for a displage XAddConnectionWatch.

typedef void (*XConnection\tchProc)dlisplay, client_data fd, opening watch_data
Display *display;
XPointerclient_datg
int fd;
Bool opening
XPointer *watch_data

Status XAddConnectiondich @display, 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

25



Xlib = C Library libX11 1.3.2

closes an internal connection for the specified displéne procedure is passed the dispthg

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 locationvatepriatch data. If opening is

Tr ue, the procedure can store a pointer togie data in the location pointed to by watch_data;
when the procedure is later called for this same connection and opeRadgesthe location

pointed to by watch_data will hold this samevate data pointer.

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

The registered procedure should not cayl fib functions. If the procedure directly or indi-

rectly causes the state of internal connections or watch procedures to change, the result is not
defined. IfXlib has been initialized for threads, the procedure is called with the display locked
and the result of a call by the procedure tp b function that locks the display is not defined
unless thexecuting thread has externally locked the display u3ihgckDisplay .

To gop tracking internal connections for a displase XRemaoveConnectionWatch.

Status XRemeeConnectionVdtch display 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 XRemoveConnectionWatch function remwees a peviously registered connection watch
procedure. Thelient_data must match the client_data used when the procedure was initially reg-
istered.

To process input on an internal connection, ¥g&ocessinternalConnection

void XProcessinternalConnectiotigplay, fd)

Display *display;

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

The XProcessinternalConnectionfunction processes inputailable 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 iwvalable; otherwise, the effect is not
defined.

To dbtain all of the current internal connections for a displag XInternalConnectionNum-
bers.
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Status XlinternalConnectionNumbedsgplay, fd_return, count_returr)
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 XlinternalConnectionNumbers function returns a list of the file descriptors for all internal
connections currently open for the specified displ&$ren 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.

27



Xlib = C Library libX11 1.3.2

Chapter 3

Window Functions

In the X Windav System, a windw is a rectangular area on the screen that lets you graphic
output. Clientapplications can displayerlapping and nested windows on one or more screens
that are drien 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 windattributes. Thechapter continues with a discussion of the
Xlib functions you can use to:

. Create windows

. Destrgy windows

. Map windows

. Unmap windows

. Configure windows

. Change windw stacking order

. Change windw attributes

This chapter also identifies the winvdactions that may generateeats.

Note that it is vital that your application conform to the establishedentions for communicat-
ing with windawv managers for it to work well with the various winvdaanagers in use (see sec-
tion 14.1). Toolkits generally adhere to these eemtions for you, relieving you of the burden.
Toolkits also often supersede nydiinctions in this chapter with versions of theamo For more
information, refer to the documentation for the toolkit that you are using.

3.1. Msual 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. fer each screen of the displdyere 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 complédityprovides macros and
functions that return the default root wingdhe default depth of the default root wingand

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

Xlib uses an opagqu¥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, Tr ue-

Color, GrayScale, PseudoColor, or DirectColor .

The following concepts may serto make the explanation of visual types clear@he screen

can be color or grayscale, carvéa ©lormap that is writable or read-onbnd can also hee a
colormap whose indices are decomposed into separate RGB pieces, provided one is not on a
grayscale screen. This leads to the following diagram:
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Color Gray-scale
R/O R/W R/IO R/W

Undecomposed Static Pseudo  StaticGray

Colormap Color| Color Gray | Scale
Decomposed rbe Direct
Colormap Color| Color

Conceptuallyas ech 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 otherdrardwhevisual types

affect the colormap and the RGB values in the following ways:

. For PseudoColor, a pgxel value indees a olormap to produce independent RGB values,
and the RGB values can be changed dynamically.

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

. For DirectColor, a gxel value is decomposed into separate RGB subfields, and each sub-
field separately indes the colormap for the correspondinglwe. TheRGB values can be
changed dynamically.

. TrueColor is treated the same way BgectColor except that the colormap has prede-
fined, read-only RGBalues. Thes®GB 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-onlyserver-dependent RGB values.
. StaticGray is treated the same way 8&ticColor except that the RGB values are equal

for ary single pixel value, thus resulting in shades of gr&yaticGray 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. ActualRGB values are unsigned 16-bit numbers. The colormap_size member defines the
number of gailable colormap entries in a newly created colormiagr. DirectColor and Tr ue-

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

To obtain the visual ID from &isual, use XVisualIDFromVisual .
VisuallD XVisuallDFrom\isual (visual)

Visual *visual;

visual Specifies the visual type.

The XVisuallDFromVisual function returns the visual ID for the specified visual type.

3.2. Window Attributes

All InputOutput windows ha&e a lorder width of zero or more pixels, an optional background,
an event suppression mask (which suppresses propagatiomalsdrom children), and a prop-
erty list (see section 4.3). The winddorder and background can be a solid color or a pattern,
called a tile. All windows except the rootveaa farent and are clipped by their parent. If a win-
dow is gacked on top of another windpit obscures that other windofor the purpose of input.
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If a window has a background (almost all do), it obscures the other wifimlopurposes of out-
put. Attemptgo output to the obscured area do nothing, and no iweatse(for example,
pointer motion) are generated for the obscured area.

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

Both InputOutput andInputOnly windows hae 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 ag other attributes for amputOnly window, a BadMatch error results.

InputOnly windows are used for controlling inputents in situations wherputOutput win-
dows are unnecessarinputOnly windows are invisible; can only be used to control such things
as cursors, inputvent generation, and grabbing; and cannot be usedyigraphics requests.

Note thatinputOnly windows cannot hae InputOutput windows as inferiors.

Windows hae lorders 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 wiwdbno further explicit references to them are to be
made. Thepattern can either be relatio the parent or absolute. HarentRelative, the par-

ent’s background is used.

When windows are first created, yhage not visible (not mapped) on the screeny Aatput to a
window that is not visible on the screen and that does n& becking store will be discarded.

An application may wish to create a windtbng before it is mapped to the screen. When a win-
dow is eventually mapped to the screen (uskiylapWindow ), the X server generates an
Exposeevent for the winda if backing store has not been maintained.

A window manager canwarride your choice of size, border width, and position for a teg-le

window. Your program must be prepared to use the actual size and position of the top. windo

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 spet#ogt, or if the space is too

small for aly useful work, your program might ask the user to resize the windbe border of

your top-level window is considered fair game for windomanagers.

To =t an attribute of a winag set the appropriate member of tK&etWindowAttributes struc-
ture and OR in the corresponding value bitmask in your subsequent c&llsaateWindow
and XChangeWindowAttributes, or use one of the other cegnience functions that set the
appropriate attrite. Thesymbols for the value mask bits and X&etWindowAttributes
structure are:
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/* Window attribute value mask bits */

#define  CWBackPixmap (1L<<0)

#define  CWBackPixel (1L<<1)

#define  CWBorderPixmap (1L<<2)

#define  CWBorderPixel (1L<<3)

#define  CWBItGravity (1L<<4)

#define  CWWinGravity (1L<<b)

#define ~ CWBackingStore (1L<<6)

#define  CWBackingPlanes (1L<<7)

#define  CWBackingPixel (1L<<8)

#define  CWOverrideRedirect (1L<<9)

#define  CWSaveUnder (1L<<10)

#define  CWEventMask (1L<<11)

#define  CWDontPropagate (1L<<12)

#define  CWColormap (1L<<13)

#define  CWCursor (1L<<14)

[* Values */

typedef struct {
Pixmap background_pixmap; /* background, None, or ParentReldti
unsigned long background_pix * background pixel */
Pixmap border_pixmap; * border of the windor CopyFromParent */
unsigned long border_pek [* border pixel value */
int bit_gravity; [* one of bit gravity values */
int win_gravity; [* one of the windw gravity values */
int backing_store; * NotUseful, WhenMappedwalys */
unsigned long backing_planes; * planes to be preserved if possible */
unsigned long backing_pek /[* value to use in restoring planes */
Bool save_under; /*should bits under be wad? (popups) */
long event_mask; [*set of @ents that should be ged */
long do_not_propage_mask; I’set of @ents that should not propagate */
Bool override_redirect; /*boolean value forwerride_redirect */
Colormap colormap; /* color map to be associated with wintlo
Cursor cursor; * cursor to be displayed (or None) */

} X SetWindowAttributes;

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

Attribute Default InputOutput InputOnly
background-pixmap None Yes No
background-pigl Undefined Yes No
border-pixmap CopyFromParent Yes No
border-pixel Undefined Yes No
bit-gravity ForgetGravity Yes No
win-gravity NorthWestGravity Yes Yes
backing-store NotUseful Yes No
backing-planes Albnes ¥s No
backing-piel zero Yes No
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Attribute Default InputOutput InputOnly
sase-under False Yes No
event-mask emptyget Yes Yes
do-not-propagte-mask  emptget Yes Yes
overide-redirect False Yes Yes
colormap CopyFromParent Yes No
cursor None Yes Yes

3.2.1. Backgound Attribute

Only InputOutput windows can hee a lackground. Wu can set the background of an
InputOutput window by using a pixel or a pixmap.

The background-pixmap attribute of a wimdsgpecifies the pixmap to be used for a window’s
background. Thipixmap can be of arsize, although some sizes may be faster than others. The
background-pixel attribute of a windaspecifies a pixel value used to paint a windotéck-

ground in a single color.

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

set the background-pixel of a windao any pixel value (no dedult). If you specify a back-
ground-pixel, it @errides either the default background-pixmap or eue you may hze %t in

the background-pixmapA 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, iterides the defult. Thebackground-pixmap and the win-
dow must hae the same depth, orBadMatch error results. If you set background-pixmap to
None, the windav has no defined background. If you set the background-pixmBaremtRel-
ative:

. The parent windovg background-pixmap is used. The child wimgdoweve, must hae
the same depth as its parent, @aMatch error results.

. If the parent winde has a background-pixmap dfone, the windav also has a back-
ground-pixmap oNone.

. A copy of the parent windovg' background-pixmap is not made. The parebsickground-
pixmap is examined each time the child windobdckground-pixmap is required.

. The background tile originabys aligns with the parent windosvbackground tile origin.
If the background-pixmap is nétarentRelative, the background tile origin is the child
window’s arigin.
Setting a n& background, whether by setting background-pixmap or background-piesiides
ary previous background. The background-pixmap can be freed immediately if no further
explicit reference is made to it (the X server will keep aydopuse 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 maka opy of the pixmap or to use the same pixmap.

When no valid contents argeadable for regions of a winde 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 winddias a background dfone. If the background idlone, the
previous screen contents from other windows of the same depth as the/aiadomply left in
place as long as the contents come from the parent of thewvardin inferior of the parent.
Otherwise, the initial contents of the exposed regions are undefihguhseevents are then gen-
erated for the regionsyen if the background-pixmap iNone (see section 10.9).
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3.2.2. BorderAttribute

Only InputOutput windows can hee a lorder You can set the border of &mputOutput win-

dow by using a pixel or a pixmap.

The border-pixmap attribute of a windapecifies the pixmap to be used for a windoidrder.

The border-pixel attribute of a windospecifies a pixmap of undefined size filled with that pixel
be used for a window'lborder Range checking is not performed on the background pixel; it sim-
ply is truncated to the appropriate number of bits. The border tile origiwagsathe same as the
background tile origin.

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

If you set a border-pixmap, iverrides the defult. Theborder-pixmap and the windomust

have the same depth, orBadMatch error results. If you set the border-pixmaplopy-
FromParent, the parent windovg border-pixmap is copied. Subsequent changes to the parent
window’s border attribute do not affect the child windoHoweve, the child windev must hae

the same depth as the parent windar a BadMatch error results.

The border-pixmap can be freed immediately if no further explicit reference is made to it. If you
later drav into the pixmap used for the borgehat happens is undefined because the X imple-
mentation is free either to mala ©py of the pixmap or to use the same pixmap. If you specify a
border-pixel, it @errides either the default border-pixmap oy &alue you may hze %t in the
borderpixmap. Allpixels in the windows border will be set to the border-gix Settinga nrew

border whether by setting border-pixel or by setting border-pixmagrriaes ay previous bor-

der.

Output to a windw is dways clipped to the inside of the winato Therefore, graphics operations
never affect the winda border.

3.2.3. Gravity Attributes

The bit gravity of a winde defines which region of the windoshould be retained when an
InputOutput window is resized. Thelefault value for the bit-gravity attribute ForgetGrav-
ity . The windav gravity of a windev allows you to define he the InputOutput 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 windois not changed and if the windais moved or its border

is changed, then the contents of the wim@ce not lost but mee with the windav. Changing the
inside width or height of the winglocauses its contents to be wed or lost (depending on the
bit-gravity of the window) and causes children to be reconfigured (depending on their win-grav-
ity). For a change of width and height, the (x, y) pairs are defined:

Gravity Dir ection Coordinates

NorthWestGravity (0, 0)

NorthGravity (Width/2, 0)
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 windw with one of these bit-gravity values is resized, the corresponding pair defines the
change in position of each pixel in the wimdowhen a windw with one of these win-gravities
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has its parent windoresized, the corresponding pair defines the change in position of the win-
dow within the parent. When a windads so epositioned, &ravityNotify event is generated
(see section 10.10.5).

A bit-gravity of StaticGravity indicates that the contents or origin should novenelative ©

the origin of the root winde. If the change in size of the winslas 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). No&ahat
icGravity still only takes effect when the width or height of the wind®e changed, not when the
window is moved.

A bit-gravity of ForgetGravity indicates that the window'contents are alays discarded after a

size change ven if a backing store or s@& under has been requested. The wimd®tiled with

its background and zero or mdegposeevents 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 alays generaté&xposeevents.

The contents and borders of inferiors are not affected by their [sogmtavity. A server is
permitted to ignore the specified bit-gravity and Eerget instead.

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

3.2.4. BackingStore Attribute

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

windows. Ifthe X server maintains the contents of a windbe off-screen sad pixels are

known as backing store. The backing store advises the X server on what to do with the contents
of a windav. The backing-store attribute can be selNtUseful (default), WhenMapped, or

Always.

A backing-store attribute dflotUseful advises the X server that maintaining contents is unneces-
sary dthough some X implementations may still choose to maintain contents and, therefore, not
generateExposeevents. Abacking-store attribute alvhenMapped advises the X server that
maintaining contents of obscured regions when the wingonapped would be beneficial. In

this case, the server may generat&aposeevent when the winde is created. Abacking-store
attribute ofAlways advises the X server that maintaining contemnés @hen the windw is

unmapped would be beneficial. Even if the wivds larger than its parent, this is a request to

the X server to maintain complete contents, not just the region within the pareniwoimalod-

aries. Whilethe X server maintains the windavontents Exposeevents normally are not gen-
erated, but the X server may stop maintaining contentsydinae.

When the contents of obscured regions of a wind@ being maintained, regions obscured by
noninferior windows are included in the destination of graphics requests (and source, when the
window is the source). Howeer, regons obscured by inferior windows are not included.

3.2.5. Sae Under Flag

Some server implementations may presepntents ofinputOutput windows under other
InputOutput windows. Thisis not the same as preserving the contents of a wifioloyou.

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

You can set the s@-under flag toTr ue or False (default). If save-under isTr ue, the X server is
advised that, when this windds mapped, saving the contents of windows it obscures would be
beneficial.
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3.2.6. BackingPlanes and Backing Pixel Attributes

You can set backing planes to indicate (with bits set to 1) which bit planeslgpat©utput

window hold dynamic data that must be preserved in backing store and dwenghgers. The

default value for the backing-planes attribute is all bits set tpli.can set backing pixel to

specify what bits to use in planes novaed by backing planes. The default value for the back-
ing-pixel attribute is all bits set to 0. The X server is free W saly the specified bit planes in

the backing store or thev@aunder and is free to regenerate the remaining planes with the speci-
fied pixel \alue. Ary extraneous bits in these values (that is, those bits beyond the specified depth
of the window) may be simply ignored. If you request backing storeverwsaers, you should

use these members to minimize the amount of off-screen memory required to store yowr windo

3.2.7. BExent Mask and Do Not Propagate Mask Attributes

The ezent mask defines whichvents the client is interested in for tHigputOutput or Inpu-
tOnly window (or, for some eent types, inferiors of this windg). Theevent mask is the bitwise
inclusive OR of zero or more of the validvent mask bits.You can specify that no maskable
events are reported by settildpEventMask (default).

The do-not-propagate-mask attribute defines whiehts should not be propagated to ancestor
windows when no client has theeat type selected in thisputOutput or InputOnly window.
The do-not-propagate-mask is the bitwise ineteI$IR of zero or more of the following masks:
KeyPress KeyRelease ButtonPress, ButtonRelease PointerMotion , Button1Motion , But-
ton2Motion, Button3Motion , Button4Motion , Button5Motion , and ButtonMotion . You can
specify that all eents are propagated by settiNgEventMask (default).

3.2.8. Owerride Redirect Flag

To control windaw placement or to add decoration, a windmanager often needs to intercept
(redirect) ag map or configure request. Pop-up windows, hareoften need to be mapped
without a windev manager getting in the waylo control whether annputOutput or Inpu-
tOnly window is to ignore these structure control facilities, use tarale-redirect flag.

The override-redirect flag specifies whether map and configure requests on thiswgmzidd
overide aSubstructureRedirectMask on the parentYou can set the erride-redirect flag to
True or False (default). WIndow managers use this information teoa tampering with pop-up
windows (see also chapter 14).

3.2.9. ColormapAttribute

The colormap attribute specifies which colormap best reflects the true colordrgfut@utput
window. The colormap must la the same visual type as the wimdar a BadMatch error

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

If you set the colormap t€opyFromParent, the parent windovg clormap is copied and used

by its child. Howeer, the child windev must hae the same visual type as the parent, Bad-

Match error results. The parent windonust not hae a ®lormap ofNone, or aBadMatch

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

3.2.10. CursorAttribute

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 cursoiName (default).

If you set the cursor tblone, the parens aursor is used when the pointer is in theutOutput
or InputOnly window, and ary change in the parestaursor will cause an immediate change in
the displayed cursoBy calling XFreeCursor, the cursor can be freed immediately as long as
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no further explicit reference to it is made.

3.3. Creating Windows

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

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

. You must neer fight with the windav manager for the size or placement of your toglle
window.

. You must be able to deal with whegesize windav you get, gen if this means that your
application just prints a messageelilPlease ma& me ligger” in its windaw.

. You should only attempt to resize orvadop-level windows in direct response to a user
request. Ifa request to change the size of a togellevindow fails, you must be prepared to
live with what you get.You are free to resize or me te children of top-hel windows as
necessary(Toolkits often hae facilities for automatic relayout.)

. If you do not use a toolkit that automatically sets standard wipdaperties, you should
set these properties for topsewindows before mapping them.

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

XCreateWindow is the more general function that allows you to set specific wirattobutes
when you create a windo XCreateSimpleWindow creates a winde that inherits its attributes
from its parent winde.

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

To aeate an unmapped winda@nd set its windw attributes, useXCreateWindow.
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Window XCreateWindw (display, 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 *isual;
unsigned longaluemask
XSetWindowAttributes attributes

display Specifies the connection to the X server.

parent Specifies the parent winao

X

y Specify the x and y coordinates, which are the top-left outside corner of the creat-
ed windav's borders and are rela@ © the inside of the parent windos bor-
ders.

width

height Specify the width and height, which are the created wirslmside dimensions

and do not include the created wimde borders. Thedimensions must be
nonzero, or BadValue error results.

border_width Specifies the width of the created windsworder in pixels.

depth Specifies the winde's depth. Adepth ofCopyFromParent means the depth is
taken from the parent.
class Specifies the created wingts dass. Yu can pass$nputOutput , InputOnly ,

or CopyFromParent. A class of CopyFromParent means the class is &k
from the parent.

visual Specifies the visual typeA visual of CopyFromParent means the visual type is
taken from the parent.

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

attributes Specifies the structure from which the values (as specified byline mask) are
to be taken. Thevalue mask should wa the appropriate bits set to indicate
which attributes hae been set in the structure.

The XCreateWindow function creates an unmapped subwindor a specified parent winap
returns the winde ID of the created winde, and causes the X server to genera@eateNo-
tify event. Thecreated winda 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 cornerCoordinates are integral, in terms of pixels, and coincide with pixel centers.
Each windav and pixmap has its own coordinate systefor a window, the origin is inside the
border at the inside, upper-left corner.

The border_width for amputOnly window must be zero, or 8adMatch 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 windev of classInputOnly , or aBadMatch error results.For an InputOnly window, the

depth must be zero, and the visual must be one supported by the screen. If either condition is not
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met, aBadMatch error results. The parent windphoweve, may hare any &pth and class. If
you specify ap invdid window attribute for a windwy, a BadMatch error results.

The created winde is not yet displayed (mapped) on the useisplay To display the windw,
call XMapWindow . The nev window initially uses the same cursor as its parénhew airsor
can be defined for the wewindow by calling XDefineCursor. The windav will not be visible
on the screen unless it and all of its ancestors are mapped and it is not obscuyeaf g an
ancestors.

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

To aeate an unmappddputOutput subwindav of a gven parent windav, use XCreateSim-
pleWindow.

Window XCreateSimpleWindwe (display, 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 winao

X

y Specify the x and y coordinates, which are the top-left outside corner ofvthe ne
window’s borders and are relag o the inside of the parent windosvorders.

width

height Specify the width and height, which are the created wirgslmside dimensions

and do not include the created wimde borders. Thedimensions must be
nonzero, or BadValue error results.

border_width Specifies the width of the created windsworder in pixels.
border Specifies the border pixel value of the windo
background  Specifies the background pixel value of the wimdo

The XCreateSimpleWindow function creates an unmappbgputOutput subwindav for a
specified parent winag returns the windw ID of the created winde, and causes the X server to
generate LreateNotify event. Thecreated windw is placed on top in the stacking order with
respect to siblings. Anpart of the windav that extends outside its parent windis dipped.

The border_width for amputOnly window must be zero, or BadMatch error results.XCre-
ateSimpleWindow inherits its depth, class, and visual from its parent. All other window
attributes, except background and bortavetheir default values.

XCreateSimpleWindow can generat8adAlloc, BadMatch, BadValue, and BadwWindow
errors.

3.4. Destoying Windows

Xlib provides functions that you can use to desaavindow or destrg all subwindows of a win-
dow.
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To destrgy a window and all of its subwindows, uséDestroyWindow.

XDestroyWindav (display, w)
Display *display;
Windoww;

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

The XDestroyWindow function destroys the specified wivdas well as all of its subwindows

and causes the X server to generafeeatroyNotify event for each windw. The windav should
never be referenced agjn. If the windav specified by the w argument is mapped, it is unmapped
automatically The ordering of thd®estroyNotify events is such that for grgiven window being
destroyedDestroyNotify is generated on gnnferiors of the windw before being generated on
the windav itself. Theordering among siblings and across subhierarchies is not otherwise con-
strained. Ithe windav you specified is a root windg no windows are desty@d. Destrging a
mapped winde will generateExposeevents on other windows that were obscured by the win-
dow being destroyed.

XDestroyWindow can generate BadWindow error.
To destrg al subwindows of a specified windp use XDestroySubwindows

XDestroySubwindws (display, w)
Display *display;
Windoww;

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

The XDestroySubwindowsfunction destroys all inferior windows of the specified windm
bottom-to-top stacking ordeit causes the X server to generat®estroyNotify event for each
window. If any mapped subwindows were actually destroy¢DestroySubwindowscauses the

X server to generatBExposeevents on the specified windo This is much more efficient than
deleting mag windows one at a time because much of the work need be performed only once for
all of the windows, rather than for each windoThe subwindows should wer be referenced

again.

XDestroySubwindowscan generate BadWindow error.

3.5. MappingWindows

A window is considered mapped if akMapWindow 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 wimdo
. One of its ancestors is not mapped.
. It is entirely clipped by an ancestor.

Exposeevents are generated for the windarhen part or all of it becomes visible on the screen.
A client receves the Exposeevents only if it has asked for thenwindows retain their position
in the stacking order when thare unmapped.

A window manager may want to control the placement of subwisddf SubstructureRedi-
rectMask has been selected by a wimdmanager on a parent windqusually a root window),

a map request initiated by other clients on a child wimanot performed, and the windoman-
ager is sent MapRequestevent. However, if the averride-redirect flag on the child had been set
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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 windoto its final location.A window manager that wants to provide decora-
tion might reparent the child into a frame firor further information, see sections 3.2.8 and
10.10. Onlya sngle client at a time can select fSubstructureRedirectMask.

Similarly, a sngle client can select fdResizeRedirectMaskon a parent winde. Then, any
attempt to resize the windaby another client is suppressed, and the client vesei Resiz-
eRequestevant.

To map a gven window, use XMapWindow .

XMapWindaw (display, w)
Display *display;
Windoww;

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

The XMapWindow function maps the windoand all of its subwindows that txa had map
requests. Mapping window that has an unmapped ancestor does not display thewbudo
marks it as eligible for display when the ancestor becomes mapped. Suchwa isinalted
unviewable. Whenall its ancestors are mapped, the windmcomes vieable and will be visi-
ble on the screen if it is not obscured by another windthis function has no effect if the win-
dow is dready mapped.

If the override-redirect of the windwe is False and if some other client has select&uabstructur-
eRedirectMask on the parent windg then the X server generatedapRequestevent, and the
XMapWindow function does not map the wingdo Otherwise, the winde is mapped, and the X
server generatesMapNotify event.

If the windav becomes vizable and no earlier contents for it are remembered, the X server tiles
the windav with its background. If the window'background is undefined, the existing screen
contents are not altered, and the X server generates zero cErpm®eevents. Ifbacking-store
was maintained while the wind®was unmapped, nBxposeevents are generated. If backing-
store will nav be maintained, a full-winder exposure is alays generated. Otherwise, only visi-
ble regions may be reported. Similar tiling and exposure fiaice for ag newly viewable infe-

riors.

If the window is an InputOutput 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 processinggets, the windw is painted twice.To avoid this, first ask for
Exposeevents and then map the winglpso the client processes inputeats as usual. Thevent

list will include Exposefor each windw that has appeared on the screen. The ciientmal
response to akxposeevent should be to repaint the winslo This method usually leads to sim-
pler programs and to proper interaction with wivdoanagers.

XMapWindow can generate BadWindow error.

To map and raise a windg use XMapRaised.
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XMapRaiseddisplay, w)

Display *display;

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

The XMapRaised function essentially is similar t§MapWindow in that it maps the window
and all of its subwindows thatVehad map requests. Howee, it aso raises the specified win-
dow to the top of the stackEor additional information, seXMapWindow .

XMapRaised can generate multiplBadWindow errors.
To map all subwindows for a specified winvdauise XMapSubwindows.

XMapSubwindavs (display, w)

Display *display;

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

The XMapSubwindows function maps all subwindows for a specified wivdpo top-to-bottom
stacking order The X server generat&xposeevents on each newly displayed windoThis

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

XMapSubwindows can generate BadWindow error.

3.6. UnmappingWindows
Xlib provides functions that you can use to unmap a winolod! subwindows.

To unmap a winda, use XUnmapWindow .

XUnmapWindav(display, w)
Display *display;
Windoww;

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

The XUnmapWindow function unmaps the specified wivdand causes the X server to gener-
ate anUnmapNotify event. If the specified windw is dready unmapped{UnmapWindow

has no dect. Normalexposure 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 windav will generateExposeevents on windows that were formerly obscured by it.

XUnmapWindow can generate BadWindow error.

To unmap all subwindows for a specified wimgaise XUnmapSubwindows.
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XUnmapSubwindas (display, w)
Display *display;
Windoww;

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

The XUnmapSubwindows function unmaps all subwindows for the specified wimdobottom-

to-top stacking orderlt causes the X server to generatelanimapNotify event on each subwin-

dow and Exposeevents on formerly obscured winds. Usingthis 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 windo

XUnmapSubwindows can generate BadWindow error.

3.7. Configuring Windows

Xlib provides functions that you can use toua@ wndow, resize a winde, move and resize a
window, or change a windovg border width. To change one of these parameters, set the appro-
priate member of thXWindowChangesstructure and OR in the corresponding value mask in
subsequent calls t8ConfigureWindow. The symbols for the value mask bits and Xwin-
dowChangesstructure are:

/* Configure windev 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<<5)
#define  CWStackMode (1<<6)
[* Values */
typedef struct {

intx,y;

int width, height;

int border_width;

Window sibling;

int stack_mode;
} X WindowChanges;

The x and y members are used to set the wirglgwnd y coordinates, which are relaito the
parents arigin and indicate the position of the upper-left outer corner of the windbe width
and height members are used to set the inside size of thewyimatoncluding the bordeend
must be nonzero, orBadValue error results. Attempts to configure a root wiwdmveno
effect.

The border_width member is used to set the width of the borderals piXotethat setting just
the border width leaes the outer-left corner of the windaoin a fixed position but mees the abso-
lute position of the window’ arigin. If you attempt to set the border-width attribute of rou-
tOnly window nonzero, aBadMatch error results.
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The sibling member is used to set the sibling wimflar stacking operations. The stack_mode
member is used to setwadhe windav is to be estacked and can be setAbove, Below, Toplf,
BottomlIf , or Opposite.

If the override-redirect flag of the windwois False and if some other client has selectab-
structureRedirectMask on the parent, the X server generat€oafigureRequestevent, and

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

Mask on the windav and the inside width or height of the wingdlds being changed, Resiz-
eRequestevent is generated, and the current inside width and height are used instead. Note that
the override-redirect flag of the windohas no effect oiResizeRedirectMaskand thatSub-
structureRedirectMask on the parent has precedenwerdResizeRedirectMaskon the win-

dow.

When the geometry of the windas changed as specified, the winds restacked among sib-
lings, and aConfigureNotify event is generated if the state of the windactually changes.
GravityNotify events are generated aft€onfigureNotify events. Ifthe inside width or height
of the windav has actually changed, children of the windare affected as specified.

If a window’s 9ze actually changes, the windandibwindows mee according to their window
gravity. Depending on the window/tit gravity, the contents of the windoalso may be meed
(see section 3.2.3).

If regions of the winde were obscured but moare not, exposure processing is performed on
these formerly obscured windows, including the wimdiself and its inferiors. As a result of
increasing the width or height, exposure processing is also performeg nevaregons of the
window and ary regons where winde contents are lost.

The restack check (specificaltite computation foBottomlf , Toplf , and Opposite) is per-

formed with respect to the windos\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_mdiej-a

Match error results.

If a sibling and a stack_mode are specified, the windaoestacked as follows:

Above The windav is placed just abee the sibling.

Below The windav is placed just bel the sibling.

Toplf If the sibling occludes the windg the windav is placed at the top of the stack.

Bottomlf If the window occludes the sibling, the windas placed at the bottom of the
stack.

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

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

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

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

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

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

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

Attempts to configure a root winddchaveno effect.

43



Xlib = C Library libX11 1.3.2

To configure a windows sze, location, stacking, or bordese XConfigureWindow .

XConfigureWindav(display, w, value_maskvalueg
Display *display;
Windoww;
unsigned invalue_mask
XWindowChanges values

display Specifies the connection to the X server.
w Specifies the winde to be econfigured.

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

values Specifies theXWindowChanges structure.

The XConfigureWindow function uses the values specified in X\&indowChanges structure
to reconfigure a window’sze, position, bordeend stacking orderValues not specified are
taken from the existing geometry of the windo

If a sibling is specified without a stack_mode or if the wimdonot actually a sibling, 8ad-

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

formed with respect to the windosvfinal geometry (as controlled by the other arguments passed
to XConfigureWindow), not its initial geometry Any backing store contents of the winddts
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, and BadWindow errors.
To move a wndow without changing its size, usé@ovewindow.

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

display Specifies the connection to the X server.
w Specifies the winde to be noved.

X
y Specify the x and y coordinates, which define the lneation of the top-left pix-
el of the windows border or the windw itself if it has no border.

The XMoveWindow function maes the specified windw to the specified x and y coordinates,
but it does not change the windawdze, raise the winde, or change the mapping state of the
window. Moving a mapped winde may or may not lose the windoswontents depending on if
the windav is obscured by nonchildren and if no backing stotists. Ifthe contents of the win-
dow are lost, the X server generatésposeevents. Moving a mapped winde generates
Exposeevents on ag formerly obscured windows.

If the override-redirect flag of the windwis False and some other client has selecgdbstruc-
tureRedirectMask on the parent, the X server generat€oafigureRequestevent, and no fur-
ther processing is performed. Otherwise, the wintsomoved.

XMoveWindow can generate BadwWindow error.

To change a windowg' sze without changing the upper-left coordinate, ¥&esizeWindow.
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XResizeWindw (display, w, width, heigh)
Display *display;
Windoww;
unsigned intvidth, height

display Specifies the connection to the X server.

w Specifies the winde.

width
height Specify the width and height, which are the interior dimensions of the windo
after the call completes.

The XResizeWindowfunction changes the inside dimensions of the specified wirnux
including its borders. This function does not change the wirglgeger-left coordinate or the
origin and does not restack the wimdoChanging the size of a mapped wimdmay lose its con-
tents and generatexposeevents. Ifa mapped windw is made smallerchanging its size gener-
atesExposeevents on windows that the mapped windfmrmerly obscured.

If the override-redirect flag of the windwis False 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 winglose XMo veResizeWindow:

XMoveResizeWindw (display, w, x, y, width, heigh)

Display *display;
Windoww;
intx,y;
unsigned intvidth, height
display Specifies the connection to the X server.
w Specifies the winde to be econfigured.
X
y Specify the x and y coordinates, which define the pesition of the windw rel-
ative  its parent.
width
height Specify the width and height, which define the interior size of the windo

The XMoveResizeWindowfunction changes the size and location of the specified wimdth-
out raising it. Moving and resizing a mapped wiwdoay generate aBxposeevent on the win-
dow. Depending on the mesize and location parameters, moving and resizing a winday
generateExposeevents on windows that the windoformerly obscured.

If the override-redirect flag of the windwis False and some other client has selecgdbstruc-
tureRedirectMask on the parent, the X server generat€oafigureRequestevent, and no fur-
ther processing is performed. Otherwise, the windae and location are changed.

XMoveResizeWindowcan generatBadValue and BadWindow errors.

To change the border width of avgh window, use XSetWindowBorderWidth .
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XSetWindowBorderWdth (display, w, width)

Display *display;

Windoww;

unsigned inwvidth;
display Specifies the connection to the X server.
w Specifies the winde.

width Specifies the width of the windoborder.

The XSetWindowBorderWidth function sets the specified wind@Aborder width to the speci-
fied width.

XSetWindowBorderWidth can generate BadWindow error.

3.8. ChangingWindow Stacking Order

Xlib provides functions that you can use to raise, lpaisgulate, or restack windows.
To raise a winde so that no sibling winde obscures it, us&XRaiseWindow.

XRaiseWindav(display, w)
Display *display;
Windoww;

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

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

ling window obscures it. If the windows arega&ded as werlapping sheets of paper stacked on a
desk, then raising a windais 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 winwty generaté&Exposeevents

for the windav and ary mapped subwindows that were formerly obscured.

If the override-redirect attribute of the windois False and some other client has selecgub-
structureRedirectMask on the parent, the X server generat€oafigureRequestevent, and
no processing is performed. Otherwise, the wim@oraised.

XRaiseWindow can generate BadWindow error.
To lower a windav so hat it does not obscureyasbling windows, useXLowerWindow .

XLowerWindaw (display, w)
Display *display;
Windoww;

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

The XLowerWindow function lowers the specified winddo the bottom of the stack so that it
does not obscure wsibling windows. If the windows are gerded as werlapping sheets of

paper stacked on a desk, then lowering a windanalogous 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 ag windows it formerly obscured.
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If the override-redirect attribute of the windois False and some other client has selecgub-
structureRedirectMask on the parent, the X server generat&oafigureRequestevent, and
no processing is performed. Otherwise, the wim@olowered to the bottom of the stack.

XLowerWindow can generate BadWindow error.
To drculate a subwind@ up or cown, useXCirculateSubwindows.

XCirculateSubwindws (display, w, direction)
Display *display;
Windoww;
int direction;

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

direction Specifies the direction (up or down) that yoanivto circulate the winde You
can pas$RRaiseLowestor LowerHighest.

The XCirculateSubwindows function circulates children of the specified windo 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 spemifgrHigh-

est, 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 select8dbstructureRedirectMask on the winda, the X

server generates@irculateRequestevent, and no further processing is performed. If a child is
actually restacked, the X server generat€sreulateNotify event.

XCirculateSubwindows can generat®adValue and BadWindow errors.

To raise the lowest mapped child of a windiihat is partially or completely occluded by another
child, useXCirculateSubwindowsUp.

XCirculateSubwindasUp (display, w)

Display *display;,

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

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. Thids a cowenience function equalent to XCirculateSubwindows with RaiselLow-

est specified.

XCirculateSubwindowsUp can generate BadWindow error.

To lower the highest mapped child of a wimdthat partially or completely occludes another
child, useXCirculateSubwindowsDown.
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XCirculateSubwindowsDan (display, w)
Display *display;
Windoww;

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

The XCirculateSubwindowsDown function lowers the highest mapped child of the specified
window that partially or completely occludes another child. Completely unobscured children are
not afected. Thids a cowenience function equélent to XCirculateSubwindows with Lower-
Highest specified.

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

XRestackWindurs (display, windows nwindows;
Display *display;
Windowwindowd];
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. Thestacking order of the first windoin the windows array is unaffected, but the other win-
dows in the array are stacked underneath the first winddhe order of the arrayThe stacking
order of the other windows is nofedted. r each windw in the windav array that is not a

child of the specified windwg, a BadMatch error results.

If the override-redirect attribute of a wingois False and some other client has selecgb-
structureRedirectMask on the parent, the X server genera@emfigureRequestevents for

each windw whose w@erride-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. ChangingWindow Attributes

Xlib provides functions that you can use to set wimatiributes. XChangeWindowAttributes

is the more general function that allows you to set one or more wigtthdbutes provided by the
XSetWindowAttributes structure. Thether functions described in this sectionallpou to set
one specific windw attribute, such as a windogvbackground.

To change one or more attributes for aegiwindow, use XChangeWindowAttributes .
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XChangeWindowAttrilntes @display, w, valuemaskattributes
Display *display;
Windoww;
unsigned longaluemask
XSetWindowAttributes attributes

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

valuemask  Specifies which winde attributes are defined in the atues agument. This
mask is the bitwise inclug OR of the valid attribute mask bitdf valuemask is
zero, the attributes are ignored and are not referentled.values and restric-
tions are the same as f8CreateWindow.

attributes Specifies the structure from which the values (as specified byline mask) are
to be taken. Thevalue mask should wa the appropriate bits set to indicate
which attributes hae been set in the structure (see section 3.2).

Depending on the valuemask, tk€hangeWindowAttributes function uses the window
attributes in theXSetWindowAttributes structure to change the specified wiwdattributes.
Changing the background does not cause the widatents to be changedo 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 winde to None or ParentRelative restores the default background pixmap.
Changing the border of a root winddo CopyFromParent restores the default border pixmap.
Changing the win-gravity does not affect the current position of the win@hanging the back-
ing-store of an obscured winddo WhenMapped or Always, or changing the backing-planes,
backing-pixel, or s&e-under of a mapped windomay hare ro immediate déct. Changinghe
colormap of a winde (that is, defining a memap, not changing the contents of the existing
map) generates @olormapNotify event. Changinghe colormap of a visible windomay have
no immediate effect on the screen because the map may not be installéthésakCol-

ormap). Changinghe cursor of a root windoto None restores the default cursoWhenever
possible, you are encouraged to share colormaps.

Multiple clients can select input on the same wimd@heir ezent masks are maintained sepa-
rately When an eent is generated, it is reported to all interested clients. Mewenly one

client at a time can select f&ubstructureRedirectMask, ResizeRedirectMask and Button-
PressMask If a dient attempts to select piof these eent masks and some other client has
already selected one BadAccesserror 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, and BadWindow errors.

To =t the background of a winado a gven pixel, useXSetWindowBackground.
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XSetWindavBackgrounddisplay, w, background_pixél
Display *display;
Windoww;
unsigned londpackground_pixel

display Specifies the connection to the X server.

w Specifies the winde.

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

The XSetWindowBackground function sets the background of the windio the specified pixel
value. Changindhe background does not cause the windontents to be changeXSetWin-
dowBackground uses a pixmap of undefined size filled with the pixel value you passed. If you
try to change the background of baputOnly window, a BadMatch error results.

XSetWindowBackground can generat8adMatch and BadWindow errors.

To =t the background of a winddo a gven pixmap, useXSetWindowBackgroundPixmap.

XSetWindavBackgroundPixmapdisplay, w, background_pixmap
Display *display;
Windoww;
Pixmapbackground_pixmap

display Specifies the connection to the X server.

w Specifies the winde.

background_pixmap
Specifies the background pixmdparentRelative, or None.

The XSetWindowBackgroundPixmap function sets the background pixmap of the windo

the specified pixmap. The background pixmap can immediately be freed if no further explicit ref-
erences to it are to be made.PrentRelative is specified, the background pixmap of the win-
dow’s parent is used, or on the root wingdhe default background is restored. If you try to

change the background of &rputOnly window, a BadMatch error results. If the background

is set toNone, the windav has no defined background.

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

Note

XSetWindowBackground and XSetWindowBackgroundPixmap do not change
the current contents of the winglo

To change and repaint a windaborder to a gien pixel, useXSetWindowBorder.
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XSetWindavBorder {display, w, border_pixe)
Display *display;
Windoww;
unsigned londporder_pixel|
display Specifies the connection to the X server.
w Specifies the winde.
border_pixel Specifies the entry in the colormap.

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

XSetWindowBorder can generat®@adMatch and BadWindow errors.
To change and repaint the border tile of @egiwindow, use XSetWindowBorderPixmap.

XSetWindavBorderPixmapdisplay, w, border_pixmap
Display *display;
Windoww;
Pixmapborder_pixmap
display Specifies the connection to the X server.
w Specifies the winde.
border_pixmapSpecifies the border pixmap GopyFromParent.

The XSetWindowBorderPixmap function sets the border pixmap of the windto 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 windovg border pixmap

is used. If you attempt to perform this onlaputOnly window, a BadMatch error results.

XSetWindowBorderPixmap can generat8adMatch, BadPixmap, and BadWindow errors.
To =t the colormap of agen window, use XSetWindowColormap.

XSetWindavColormap fisplay, w, colormap

Display *display;

Windoww;

Colormapcolormap
display Specifies the connection to the X server.
w Specifies the winde.

colormap Specifies the colormap.

The XSetWindowColormap function sets the specified colormap of the specified windidhe
colormap must hae the same visual type as the wimga@r a BadMatch error results.
XSetWindowColormap can generat®adColor, BadMatch, and BadWindow errors.

To define which cursor will be used in a windause XDefineCursor.
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XDefineCursordisplay, w, cursor)

Display *display;

Windoww;

Cursorcursor;
display Specifies the connection to the X server.
w Specifies the winde.

cursor Specifies the cursor that is to be displayetlone.

If a cursor is set, it will be used when the pointer is in the windbthe cursor idNone, it is
equialent to XUndefineCursor.

XDefineCursor can generat8adCursor and BadWindow errors.
To undefine the cursor in avgin window, use XUndefineCursor.

XUndefineCursordisplay, w)

Display *display;

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

The XUndefineCursor function undoes the effect of a previaxiBefineCursor for this win-
dow. When the pointer is in the windpthe parens aursor will nov be wtsed. Orthe root win-
dow, the default cursor is restored.

XUndefineCursor can generate BadwWindow error.
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Chapter 4

Window I nformation Functions

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

. Obtain information about a window
. Translate screen coordinates

. Manipulate property lists

. Obtain and change windoproperties
. Manipulate selections

4.1. ObtainingWindow I nformation

Xlib provides functions that you can use to obtain information about the witnde, the win-
dow’s aurrent attributes, the window/turrent geometryor the current pointer coordinates.
Because theare most frequently used by windananagers, these functions all return a status to
indicate whether the windostill exists.

To dbtain the parent, a list of children, and number of children fovem giindow, use XQuery-
Tree.

Status XQueryflee display, w, root_return, parent_return children_return, nchildren_returr)
Display *display;
Windoww;
Windaw *root_return;
Window *parent_return
Windaw **children_return;
unsigned int hchildren_return

display Specifies the connection to the X server.

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

root_return Returns the root winda
parent_return Returns the parent windo
children_returnReturns the list of children.
nchildren_returiReturns the number of children.

The XQueryTree function returns the root ID, the parent wimdD, 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 windw. The children are listed in current stacking oyfierm bottom-most (first) to
top-most (last). XQueryTree returns zero if it fails and nonzero if it succeeds.free a non-

NULL children list when it is no longer needed, U€eree.

XQueryTree can generate BadWindow error.

To dbtain the current attributes of asgh window, use XGetWindowAttributes .
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Status XGetWindowAttribtes display, w, window_attributes_return
Display *display;
Windoww;
XWindowAttributes *window_attributes_retumn
display Specifies the connection to the X server.
w Specifies the winde whose current attributes you want to obtain.

window_attributes_return
Returns the specified windosv&tributes in theXxWindowAttributes structure.

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

typedef struct {

intx,y;

int width, height;

int border_width;

int depth;

Visual *visual;

Window root;

int class;

int bit_gravity;

int win_gravity;

int backing_store;
unsigned long backing_planes;
unsigned long backing_pex
Bool sare_under;
Colormap colormap;

Bool map_installed;

int map_state;

long all_event_masks;

long your_@ent_mask;
long do_not_propage_mask;
Bool override_redirect;
Screen *screen;

* location of windav */
[* width and height of wingdo*/
* border width of windo*/
[* depth of windw */
/* the associated visual structure */
/* root of screen containing windo*/
* InputOutput, InputOnly*/
[* one of the bit gravity values */
[* one of the windw gravity values */
* NotUseful, WhenMappedwalys */
* planes to be preserved if possible */
[* value to be used when restoring planes */
[*boolean, should bits under beved? */
* color map to be associated with wintlo
* boolean, is color map currently installed*/
/* IsUnmapped, IsUmigble, IsVievable */
/’set of &ents all people hae interest in*/
/*my event mask */
I’set of @ents that should not propagate */
[*boolean value for\erride-redirect */
[* back pointer to correct screen */

} X WindowAttributes;

The x and y members are set to the upper-left outer cornevedtathe parent windove arigin.

The width and height members are set to the inside size of thewyimtancluding the border.
The border_width member is set to the windobgrder width in piels. Thedepth member is set
to the depth of the windo(that is, bits per pixel for the object). The visual member is a pointer
to the screes’associatedvisual structure. Theoot member is set to the root windof the

screen containing the windo The class member is set to the windodass and can be either
InputOutput or InputOnly .

The bit_gravity member is set to the windswat gravity and can be one of the following:

ForgetGravity EastGravity
NorthWestGravity SouthWestGravity
NorthGravity SouthGravity
NorthEastGravity SouthEastGravity
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WestGravity StaticGravity
CenterGravity

The win_gravity member is set to the windewindow gravity and can be one of the following:

UnmapGravity EastGravity
NorthWestGravity SouthWestGravity
NorthGravity SouthGravity
NorthEastGravity SouthEastGravity
WestGravity StaticGravity
CenterGravity

For additional information on gravifysee section 3.2.3.

The backing_store member is set to indicat® tie X server should maintain the contents of a
window and can béVhenMapped, Always, or NotUseful. The backing_planes member is set
to indicate (with bits set to 1) which bit planes of the wimdhold dynamic data that must be pre-
served in backing_stores and duringesainders. Théacking_pixel member is set to indicate
what values to use for planes not set in backing_planes.

The sae_under member is set @ ue or False. The colormap member is set to the colormap
for the specified winde and can be a colormap ID dtone. The map_installed member is set to
indicate whether the colormap is currently installed and calr be or False. The map_state
member is set to indicate the state of the winediod can bdsUnmapped, IsUnviewable, or
IsViewable. IsUnviewableis used if the winde is mapped but some ancestor is unmapped.

The all_&ent_masks member is set to the bitwise ineleI€iR of dl event masks selected on the
window by dl clients. The your_eent_mask member is set to the bitwise inala<iR of dl

event masks selected by the querying client. The do_not_propagate_mask member is set to the
bitwise inclusve OR of the set of gents that should not propagate.

The override_redirect member is set to indicate whether this winaleerrides structure control
facilities and can bdr ue or False. Window manager clients should ignore the windibthis
member isTr ue.

The screen member is set to a screen pointer Wes wiu a back pointer to the correct screen.
This makes it easier to obtain the screen information without having to eothe root window
fields to see which field matches.

XGetWindowAttributes can generatBadDrawable and BadWindow errors.

To dbtain the current geometry of avgn drawable, useXGetGeometry.
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Status XGetGeometrg(splay, d, root_return, x_return, y_return, width_return,
height_return border_width_returndepth_return
Display *display;
Drawabled;
Windaow *root_return;
int *x_return, *y_return;
unsigned int tvidth_return *height_return
unsigned int border_width_return
unsigned int Hepth_return

display Specifies the connection to the X server.

d Specifies the dwable, which can be a windoor a pxmap.

root_return Returns the root winda

X_return

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

window, these coordinates specify the upper-left outer cornervel@tiits par
ent’s aigin. For pixmaps, these coordinates angagks zero.

width_return
height_return Return the dnaable’s dmensions (width and height}ror a window, these di-
mensions specify the inside size, not including the border.

border_width_return
Returns the border width in @ls. Ifthe dravable is a pixmap, it returns zero.

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

The XGetGeometry function returns the root wingdoand the current geometry of the diable.
The geometry of the dnable includes the x and y coordinates, width and height, border width,
and depth. These are described in the argument list. gdsdepass 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 windav to another windav or need to determine which windahe pointing device is in.
XTranslateCoordinates and XQueryPointer fulfill these needs (andeid ary race conditions)

by asking the X server to perform these operations.

To translate a coordinate in one windto the coordinate space of another wiwgdase XTrans-
lateCoordinates.
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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
Windaw *child_return;

display Specifies the connection to the X server.

Src_w Specifies the source wingo

dest_w Specifies the destination wingdo

SIc_x

src_y Specify the x and y coordinates within the source windo

dest_x_return
dest_y return Return the x and y coordinates within the destination windo

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

If XTranslateCoordinates returnsTr ue, it takes the src_x and src_y coordinates neddti the

source windows arigin and returns these coordinates to dest_x_return and dest_y_retuwe relati

to the destination window’arigin. If XTranslateCoordinates returnsFalse, sc_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_that child is returned to child_return. Otherwise, child_return

is set toNone.

XTranslateCoordinates can generate BadWindow error.

To dbtain the screen coordinates of the pointer or to determine the pointer coordinaiestoedati
specified windw, use XQueryPointer.

Bool XQueryPointerdisplay, w, root_return, child_return, root_x_return root_y_return
win_x_return win_y_return mask_return
Display *display;
Windoww;
Windaw *root_return, *child_return;
int *root_x_return *root_y_return
int *win_x_return *win_y_return
unsigned int mask_return
display Specifies the connection to the X server.
w Specifies the winde.
root_return Returns the root windwthat the pointer is in.
child_return  Returns the child winde that the pointer is located in, ifyn

root_x_return
root_y return Return the pointer coordinates relatio the root windows aigin.

win_x_return
win_y return Return the pointer coordinates relatio the specified windwe.
mask_return Returns the current state of the modifieykand pointer buttons.

The XQueryPointer function returns the root wingothe pointer is logically on and the pointer
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coordinates relate © the root windows arigin. If XQueryPointer returnsFalse, the pointer is
not on the same screen as the specified winga XQueryPointer returnsNone to
child_return and zero to win_x_return and win_y_return{QueryPointer returnsTr ue, the
pointer coordinates returned to win_x_return and win_y_return aresectathe origin of the
specified windw. In this case XQueryPointer returns the child that contains the poinieany,
or elseNone to child_return.

XQueryPointer returns the current logical state of thetoard buttons and the modifiezyk in
mask_return. Isets mask_return to the bitwise incligsCR of one or more of the button or
modifier key Htmasks to match the current state of the mouse buttons and the magsier k

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).

XQueryPainter can generate Badwindow error.

4.3. Properties and Atoms

A property is a collection of named, typed data. The winggstem has a set of predefined prop-
erties (for example, the name of a wingldze hints, and so on), and users can defiyetrer
arbitrary information and associate it with wimao Eactproperty has a name, which is an ISO
Latin-1 string. For each named propertg unique identifier (atom) is associated with &.prop-

erty also has a type, for example, string or inteGéese types are also indicated using atoms, so
arbitrary nev types can be defined. Data of only one type may be associated with a single prop-
erty name. Clients can store and regigroperties associated with wings. For efficieny rea-

sons, an atom is used rather than a character siilmgernAtom can be used to obtain the

atom for property names.

A property is also stored in one ofvemal 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.

Note

If you define further properties of complg/pe, you must encode and decode them
yourself. Theséunctions must be carefully written if thare to be portableFor
further information about hoto 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 Xl/Xatom.h>. To avoid name clashes with user symbols, the
#definename for each atom has the XA_ prefisor an eplanation 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 adltiber-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 defingevrroperties and get the unique atom IDs in your appli-
cations.

Although ary particular atom can v sme client interpretation within each of the name spaces,
atoms occur in fig dstinct name spaces within the protocol:

. Selections
. Property names
. Property types
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. 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
CUT_BUFFER1
CUT_BUFFER2
CUT_BUFFER3
CUT_BUFFER4
CUT_BUFFER5
CUT_BUFFERS6
CUT_BUFFER7
RGB_BEST_MAP
RGB_BLUE_MAP
RGB_DERULT_MAP
RGB_GRA’_MAP
RGB_GREEN_MAP
RGB_RED_MAP

The built-in property types are:

ARC

ATOM
BITMAP
CARDINAL
COLORMAP
CURSOR
DRAWABLE
FONT
INTEGER
PIXMAP

RESOURCE_MANGER
WM_CLASS
WM_CLIENT_MACHINE
WM_COLORMAP_WIND®VS
WM_COMMAND
WM_HINTS
WM_ICON_MME
WM_ICON_SIZE
WM_MME
WM_NORMAL_HINTS
WM_PROTOCOLS

WM_STATE
WM_TRANSIENT_FOR
WM_ZOOM_HINTS

POINT
RGB_COLOR_MAP
RECTANGLE
STRING

VISUALID

WINDQV
WM_HINTS
WM_SIZE_HINTS

The built-in font property names are:

MIN_SPACE
NORM_SRACE
MAX_SPACE
END_SRACE
SUPERSCRIPT_X
SUPERSCRIPT_Y
SUBSCRIPT_X
SUBSCRIPT_Y
UNDERLINE_POSITION
UNDERLINE_THICKNESS
FONT_NAME
FULL_NAME

STRIKEOUT _DESCENT

STRIKEOUT_ASCENT

ITALIC_ANGLE

X_HEIGHT
QAD_WIDTH
WEIGHT
POINT_SIZE
RESOLUTION
COPYRIGHT

NQICE

FAMILY NAME

CAP_HEIGHT
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For further information about font properties, see section 8.5.
To return an atom for aggn name, useXInternAtom .

Atom XlinternAtomdisplay, atom_nameonly_if_exist3
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. Ifonly_if_exists isFalse, the atom is created if it does naisgt. Therefore XInter-

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 definesh efter the
client’s cnnection closes. It will become undefined only when the last connection to the X
server closes.

XinternAtom can generat®adAlloc andBadValue errors.
To return atoms for an array of names, dXdeternAtoms .

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 Eallémg this function is
equialent to callingXInternAtom 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 and BadValue errors.

To return a name for agn aom identifier use XGetAtomName.
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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-dep&adent.
free the resulting string, caFree.

XGetAtomName can generate BadAtom error.
To return the names for an array of atom identifiers XSetAtomNames.

Status XGetAtomNamesd{splay, atoms count, names_returip
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 XGetAtomNamesfunction returns the names associated with the specified atoms. The
names are stored in the names_return array supplied by the Callieng this function is equiv-
alent to callingXGetAtomName 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. Obtainingand Changing Window Properties

You can attach a property list toeey windowv. 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 interchangs priogto
erties. Inaddition, Xlib provides other utility functions for inter-client communication (see chap-
ter 14).

To dbtain the type, format, and value of a property ofvargwindow, use XGetWindowProp-
erty.
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int XGetWindavProperty fisplay, w, property, long_offseflong_length delete req_type

actual_type_returnactual_format_returnnitems_returnbytes_after_returp
prop_return)

Display *display;

Windoww;

Atom property;

longlong_offsetlong_length

Bool delete

Atom req_type

Atom *actual_type_return

int *actual_format_return

unsigned long titems_return

unsigned long Bytes_after_return

unsigned char *srop_return

display Specifies the connection to the X server.
w Specifies the winde 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 retrieed.

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

delete Specifies a Boolean value that determines whether the property is deleted.
req_type Specifies the atom identifier associated with the property tygenpiProperty-
Type.

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_re-
turn 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 retuxatWindowProp-

erty sets the return arguments as follows:

. If the specified property does not exist for the specified wind&GetWindowProperty
returnsNone to actual_type_return and the value zero to actual_format_return and
bytes_after_return. Thatems_return argument is emptiy this case, the delete argument
is ignored.

. If the specified property exists but its type does not match the specifieX Gp#in-
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 byvea {Ethe
actual_format_return is 16 or 32) to bytes_after_return. It also ignores the delete argument.
The nitems_return argument is empty.
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. If the specified property exists and either you as8igyPropertyType to the req_type
argument or the specified type matches the actual propertyX@e\WindowProperty
returns the actual property type to actual_type_return and the actual property fougrat (ne
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 *|ong_offset

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

The returned value starts at byte indlen the property (indexing from zero), and its length
in bytes is L. If the value for long_offset causes L to lgstine, a BadValue 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 representedhas array If the returned format

is 16, the returned data is represented sfsoat array and should be cast to that type to obtain the
elements. Ithe returned format is 32, the returned data is representedrag array and should

be cast to that type to obtain the elements.

XGetWindowProperty always allocates one extra byte in prop_retune(df the property is
zero length) and sets it to zero so that simple properties consisting of characters #e ndbha
copied into yet another string before use.

If delete isTrue and bytes_after_return is zeiX¢GetWindowProperty deletes the property
from the windev and generates BropertyNotify event on the winduw.

The function return§uccessf it executes successfullyTo free the resulting data, uXé-ree.
XGetWindowProperty can generatBadAtom, BadValue, and BadWindow errors.

To dbtain a gven window’s property list, useXListProperties.

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

num_prop_returReturns the length of the properties array.

The XListProperties function returns a pointer to an array of atom properties that are defined for
the specified windw or returns NULL if no properties were foundo free the memory allocated
by this function, usXFree.

XListProperties can generate BadWindow error.

To change a property of avgn window, use XChangeProperty.
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XChangePropertydisplay, w, property, type, format, mode data, nelementy
Display *display;
Windoww;
Atom property, type;
int format;
int mode
unsigned chardata;
int nelements

display Specifies the connection to the X server.

w Specifies the winde whose property you want to change.

property Specifies the property name.

type Specifies the type of the propertyhe X server does not interpret the typg b
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. Possibleglues are 8, 16, and 3Zhis information allows the X serv-
er to correctly perform byte-sp operations as necessalfythe format is 16-bit

or 32-bit, you mustlicitly cast your data pointer to an (unsigned char *) in the
call to XChangeProperty.

mode Specifies the mode of the operatiovou can passPropModeReplace Prop-
ModePrepend 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 wiwwdmd causes the X

server to generateRropertyNotify event on that winde. XChangeProperty performs the fol-

lowing:

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

. If mode isPropModePrependor PropModeAppend, XChangeProperty inserts the
specified data before the beginning of the existing data or onto the end of the existing data,
respectrely. The type and format must match the existing property valueBad&atch
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 winde is destroyed, or until the server resefsr a dscussion 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 aailable. (Ifthere is insufficient space,BadAlloc error results.)

XChangeProperty can generatBadAlloc, BadAtom, BadMatch, BadValue, and BadWin-
dow errors.

To rotate a windovs property list, useXRotateWindowProperties.
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XRotateWindavPropertiesdisplay, w, properties num_prop npositiong
Display *display;
Windoww;
Atom propertied];
int num_prop
int npositions

display Specifies the connection to the X server.

w Specifies the winde.

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 windmnd

causes the X server to generBtepertyNotify events. Ifthe 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 foryeogitbsitions, left for

negaive rpositions). Ifnpositions mod N is nonzero, the X server generaf®pertyNotify

event for each property in the order thatytfzee listed in the arraylf an @aom occurs more than

once in the list or no property with that name is defined for the wiralBadMatch error

results. Ifa BadAtom or BadMatch error results, no properties are changed.

XRotateWindowProperties can generat®adAtom, BadMatch, and BadWindow errors.
To celete a property on avgn window, use XDeleteProperty.

XDeletePropertydisplay, w, property)
Display *display;
Windoww;
Atom property;

display Specifies the connection to the X server.

w Specifies the winde 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 windw and causes the X server to generair@pertyNotify 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 hav-
ing the property stored in the X serviéiie property is maintained by some client (thmer). A
selection is global in nature (considered to belong to the user but be maintained by clients) rather
than being priate to a particular winde subhierarcly or a particular set of clients.

Xlib provides functions that you can use to set, get, or requegtremn of selections. This
allows applications to implement the notion of current selection, which requires that notification
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be sent to applications when yheo 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 thatytean 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 co@regsample, if the

selection is “the last thing the user clicked’@mid 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 st the selection owngause XSetSelectionOwner

XSetSelectionOwned{splay, selection owner, time)
Display *display;
Atom selection
Windowowner,

Timetime;
display Specifies the connection to the X server.
selection Specifies the selection atom.
owner Specifies the owner of the specified selection at¥ou can pass a windo or
None.
time Specifies the timeYou can pass either a timestampQ@urrentTime .

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 gpecified asNone, then the owner of the selection becorhEme (that is, no owner).
Otherwise, the owner of the selection becomes the chkeottng the request.

If the nav owner (whether a client ddone) is not the same as the current owner of the selection
and the current owner is nbone, 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 to None, but the last-change time is notexfted. Theselection atom is uninterpreted by

the X server.XGetSelectionOwnerreturns the owner windg which is reported irSelection-
Requestand SelectionClearevents. Selectionare global to the X server.

XSetSelectionOwnercan generat8adAtom and BadWindow errors.
To return the selection ownerse XGetSelectionOwner.
Window XGetSelectionOwnedisplay, selectior)

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 windwo ID associated with the windothat
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currently owns the specified selection. If no selection was specified, the function returns the con-
stantNone. If Noneis returned, there is no owner for the selection.

XGetSelectionOwnercan generate BadAtom error.
To request coversion of a selection, us¢ConvertSelection.

XCorvertSelection flisplay, selection target, property, requestor, time)
Display *display;
Atom selection targdt;
Atom property;
Windowrequestot
Timetime;
display Specifies the connection to the X server.
selection Specifies the selection atom.
target Specifies the target atom.
property Specifies the property nam¥ou dso can passlone.
requestor Specifies the requestor.
time Specifies the timeYou can pass either a timestampQurrentTime .

XConvertSelection requests that the specified selection beveed to the specified target type:

. If the specified selection has an owriee X server sends ®electionRequesevent to that
owner.
. If no owner for the specified selection exists, the X server gener&ekeationNotify

event to the requestor with properiyone.

The arguments are passed on unchanged in either ofdfts.eThereare two predefined selec-
tion atoms: PRIMAR and SECONDAR.

XConvertSelection can generatBadAtom and BadWindow errors.
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Chapter 5

Pixmap and Cursor Functions

Once you hee mnnected to an X servyagmou can use the Xlib functions to:
. Create and free pixmaps
. Create, recolgrand free cursors

5.1. Creating and Freeing Pixmaps

Pixmaps can only be used on the screen on whighithee created. Pixmaps are off-screen
resources that are used for various operations, such as defining cursors as tiling patterns or as the
source for certain raster operations. Most graphics requests can operate either owamnindo

a pxmap. Abitmap is a single bit-plane pixmap.

To aeate a pixmap of agn Sze, useXCreatePixmap.

Pixmap XCreatePixmajl{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 dravable
argument. Thevidth and height arguments must be nonzero, Ba@value error results. The

depth argument must be one of the depths supported by the screen of the spewdi®d,dmaa
BadValue error results.

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

XCreatePixmap can generat8adAlloc, BadDrawable, and BadValue errors.
To free all storage associated with a specified pixmapX&seePixmap.

XFreePixmapdisplay, pixmap)
Display *display;
Pixmappixmap

display Specifies the connection to the X server.
pixmap Specifies the pixmap.
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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 nger be referenced again.

XFreePixmap can generate BadPixmap error.

5.2. Creating, Recoloring, and Freeing Cursors

Each windav can hae a dfferent cursor defined for it. Whewer the pointer is in a visible win-
dow, it is set to the cursor defined for that windolf no cursor was defined for that windpthe
cursor is the one defined for the parent wido

From X’s perspectie, a aursor 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 aépth of one, and the colors determine the colors of the source. The hotspot defines the
point on the cursor that is reported when a pointemteoccurs. 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 aeate a cursor from the standard cursor font XGmeateFontCursor.

#include <X11/cursorfont.h>

Cursor XCreateéntCursor (lisplay, 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 éyglications 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 XdeecolorCursor). For further information
about cursor shapes, see appendix B.

XCreateFontCursor can generatBadAlloc and BadValue errors.

To aeate a cursor from font glyphs, us€reateGlyphCursor .
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Cursor XCreateGlyphCursadisplay, source_fontmask_fontsource_chaymask_char
foregound_color, background_coloy
Display *display;
Font source_fontmask_font
unsigned insource_chaymask_char
XColor *foregound_color,
XColor *background_color

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.
foregound_coloGSpecifies 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\g@n, 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 neac it same
bounding box metrics, and there is no restriction on the placement of the hotspa tethe
bounding bors. Ifno mask_char is gén, all pixels of the source are displayetu 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 sig-
nificant byte and the byte2 member in the least significant byte.
XCreateGlyphCursor can generat8adAlloc, BadFont, and BadValue errors.

To aeate a cursor from mhitmaps, useXCreatePixmapCursor.
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Cursor XCreatePixmapCursati§play, source mask foregound_color, background_colorx, y)
Display *display;
Pixmapsource
Pixmapmask
XColor *foregound_color,
XColor *background_color
unsigned ink, y;

display Specifies the connection to the X server.
source Specifies the shape of the source cursor.
mask Specifies the curs@'ource bits to be displayed dione.

foregound_coloGSpecifies the RGB values for the foreground of the source.

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

X
y Specify the x and y coordinates, which indicate the hotspot velddi the
sources aigin.

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

it. Theforeground and background RGB values must be specified using foreground_color and
background_colgrven if the X server only has &taticGray or GrayScalescreen. Théore-

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 #gpth one (or 8adMatch error

results) but can wa any oot. Themask argument defines the shape of the cuiue 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 isvgn, all pixels of the source are displayed. The mask, if present,
must be the same size as the pixmap defined by the source argumdsaddiaich error

results. Theénotspot must be a point within the source, @aalMatch 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-
sequent drawing in the source or mask pixmap has an undefined effect on theTtwesér

server might or might not maka opy of the pixmap.

XCreatePixmapCursor can generat®adAlloc and BadPixmap errors.
To determine useful cursor sizes, bs®ueryBestCursor.

Status XQueryBestCursdatiSplay, 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 dweable, which indicates the screen.

width

height Specify the width and height of the cursor that yantthe size information for

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

Some displays alle larger cursors than other displays. TXi@ueryBestCursor function
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provides a way to find out what size cursors are actually possible on the.dispédyrns the
largest size that can be displayed. Applications should be prepared to use smaller cursors on dis-
plays that cannot support large ones.

XQueryBestCursor can generate BadDrawable error.
To change the color of agn cursor use XRecolorCursor.

XRecolorCursordisplay, cursor, foregound_color, background_coloy
Display *display;
Cursorcursor;
XColor *foregound_color, *background_color
display Specifies the connection to the X server.
cursor Specifies the cursor.
foregound_coloSpecifies 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 cumaut if the cursor is
being displayed on a screen, the change is visible immedidteé/pixel members of the
XColor structures are ignored; only the RGB values are used.

XRecolorCursor can generate BadCursor error.
To free (destroy) a gen cursor use XFreeCursor.

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 windev always has an associated colormap that providegehdéindirection 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 acksssdexlibsupports device-inde-
pendent color spaces defle 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 discussesviato:

. Create, cop, and destrg a mlormap
. Specify colors by name or value

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

. Corvert between color spaces

. Control aspects of color ceersion

. Query the color gamut of a screen
. Add nev color spaces

All functions, types, and symbols in this chapter with the prefix “Xtarg’ defined in
<X11/Xcms.l>. Theremaining functions and types are definedXi¥/Xlib.h>.

Functions in this chapter manipulate the representation of color on the séceeach possible
value that a pixel can takin a wndow, there is a color cell in the colormapor example, if a
window is 4 hits deep, pixel values 0 through 15 are definkdolormap is a collection of color
cells. Acolor cell consists of a triple of red, green, and blue (RGR)es. Théardware

imposes limits on the number of significant bits in thedees. Aseach pixel is read out of dis-
play memorythe pixel is looked up in a colormap. The RGB value of the cell determines what
color is displayed on the screen. On a grayscale display with a black-and-white ntiosivei-

ues are combined to determine the brightness on the screen.

Typically, an gplication 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, thare exclusiely 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.tidiean

there is a set of installed colormaps for a scré®mdows 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 uXihgstallColormap and XUninstall-
Colormap.
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Colormaps are local to a particular screen. Screevaysihave a @&fault colormap, and pro-

grams typically allocate cells out of this colormap. Genenadly should not write applications

that monopolize color resources. Although some hardware supports multiple colormaps installed
at one time, manof the hardware displays built today support only a single installed colormap,

so the primitves ae 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 typ8satictGray,
GrayScale, StaticColor, PseudoColor, TrueColor, or DirectColor (see section 3.1).

6.1. ColorStructures
Functions that operate only on RGB color space values u&€alor structure, which contains:

| typedef struct {

unsigned long piel; * pixel value */
unsigned short red, green, blue; /* rgb values */
char flags; /* DoRed, DoGreen, DoBlue */
char pad;
} X Color;
|
The red, green, and blue values areags in the range 0 to 65535 inclusiindependent of the
number of bits actually used in the display haaoe Theserver scales these values down to the
range used by the hardve. Blackis represented by (0,0,0), and white is represented by
(65535,65535,65535). kome functions, the flags member controls which of the red, green, and
blue members is used and can be the in®uSR of zero or more oDoRed, DoGreen, and
DoBlue.
Functions that operate on all color space values u3emsColor structure. Thistructure con-
tains a union of substructures, each supporting color specification encoding for a particular color
space. Like the XColor structure, theXcmsColor structure contains pixel and color specifica-
tion information (the spec member in tiemsColor structure).
| typedef unsigned long XcmsColorFormat;/* Color Specification Format */
typedef struct {
union {
XcmsRGB RGB;
XcmsRGBI RGBi;
XemsCIEXYZ CIEXYZ,
XcmsCIEuvY CIEuvY;
XcmsCIExyY CIEXxyY;
XecmsCIlELab CIELab;
XemsCIELuv CIELuv;
XemsTekHVC TekHVC;
XcmsPad Pad;
} spec;
unsigned long pixel;
XcmsColorFormat format;
L } X cmsColor; [*Xcms Color Structure */

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

#define  XcmsUndefinedFormat 0x00000000

#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 I* 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 mlor space added at run time may be different each time the prograenuseel. Ifreferences

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 prefiX¢eed-ormatOfPrefix

and XcmsPrefixOfFormat).

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

typedef double XcmsFloat;

typedef struct {
unsigned short red,; /* 0x0000 to €k /
unsigned short green; /* 0x0000 to fiixf /
unsigned short blue; /* 0x0000 to €k /

} XcmsRGB; I*RGB Device */

typedef struct {

XcmsFloat red; /*0.0to 1.0 */

XcmsFloat green;
XcmsFloat blue;
} XcmsRGB;;

typedef struct {
XcmsFloat X;
XcmsFloat Y
XcmsFloat Z;
} XecmsCIEXYZ;

typedef struct {
XcmsFloat u_prime;
XcmsFloat v_prime;
XcmsFloat Y

} XcmsCIEuvY

/*0.0to 1.0 %/
/*0.0to 1.0 */
[*RGB Intensity */

/*0.0t0 1.0 ¥/

[*CIE XYZ */

/*0.0to"0.6 */

/*0.0to 0.6 */
/*0.0to 1.0 */
*CIE uvV'Y */
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typedef struct {
XcmsFloat x;
XcmsFloat y;
XcmsFloat Y

} X cmsCIExyY,

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

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

typedef struct {
XcmsFloat H;
XcmsFloat
XcmsFloat C;
} XcmsTekHVC;

typedef struct {
XcmsFloat padO;
XcmsFloat padi;
XcmsFloat pad?;
XcmsFloat pad3;
} X cmsRd;

libX11 1.3.2

/¥0.0 to ~.75 */
/*0.0 to ~.85 */
/0.0 to 1.0 ¥/
I* 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 */
/*0.0 to 100.0 */
[* TekHVC */

/*four doubles */

The device-dependent formats providedwaltolor specification in:

. RGB Intensity XcmsRGBI)
Red, green, and blue linear intensity values, floating-point values from 0.0 to 1.0, where 1.0

indicates full intensity0.5 half intensityand so on.

. RGB Device XcmsRGB)

Red, green, and blue values appropriate for the specified output d¥eicesRGB values
are of type unsigned short, scaled from 0 to 65535 inveumid are interchangeable with
the red, green, and blue values inX@olor structure.

It is important to note that RGB Intensity values are not gamma corredtegby Incontrast,
RGB Device values generated as a result ofeting color specifications arevedys 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&B valudn this manual alays

refers to an RGB Device value.

6.2. ColorStrings

Xlib provides a mechanism for using string names for colArsolor string may either contain
an abstract color name or a numerical color specification. Color strings are case¥esensiti

Color strings are used in the following functions:
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. XAllocNamedColor

. XcmsAllocNamedColor
. XLookupColor

. XcmsLookupColor

. XParseColor

. XStoreNamedColor

Xlib supports the use of abstract color names, for example, red orAledue for this abstract

name is obtained by searching one or more color name databases. Xlib first searches zero or
more client-side databases; the numlmeration, 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 serves’database. Ithe 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:

<color_space_namexvalue>/.../<value>

The following are examples of valid color strings.

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

“rgb:00/ff/00"
"CIELuv:50.0/0.0/0.0"

The syntax and semantics of numerical specifications aee fjir each standard color space in
the following sections.

6.2.1. RGBDevice String Specification
An RGB Device specification is identified by the prefix “rgand 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 bh,the value scaled in 8 bitshhthe value scaled
in 12 bits, andhhhhthe value scaled in 16 bits, respesli.

Typical examples are the strings “rgb:ea/75/a2d “rgb:ccc/320/320”, but mixed numbers of
hexadecimal digit strings (“rgb:ff/a5/Cand “rgb:ccc/32/0") are also allowed.

For backward compatibilityan dder 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 (4bits each)
#RRGGBB (8bits each)
#RRRGGGBBB (1its each)
#RRRRGGGGBBBB (1®its 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 (ertike “rgb:” syntax, in which values are
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scaled). Br example, the string “#3a1s the same as “#3000a0007000".

6.2.2. RGBIntensity String Specification

An RGB intensity specification is identified by the prefix “rgkand 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/andlbsiinput
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.

6.2.3. Deice-Independent String Specifications
The standard device-independent string specificatiors tha following syntax:

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

All of the values (C, H, VX, Y, Z, a, b, u, v, y, X) & floating-point @alues. Thesyntax 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’" f ollowed by an optional plus or minus fol-
lowed by a string of digits.

6.3. ColorConversion Contexts and Gamut Mapping

When Xlib cowerts device-independent color specifications into device-dependent specifications
and vice versa, it uses knowledge about the color limitations of the screemterdwisinfor-
mation, typically called the device profile, isdable in a Color Coversion 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 eamsion of device-independent color specifications to
device-dependent color specifications results in a color out of the target sceeeut.

. 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 coversion 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); hawyeXlib 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 byTKébefore,

when you specify a colormap as an argument to an Xlib function, you are indirectly specifying a
CCC. Theras 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 affie€Ges.

Xcms functions in which gamut mapping can occur reftatus and h&e gecific status values
defined for them, as follows:
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. XcmsFailure indicates that the function failed.

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

. XcmsSuccessWithCompressiomdicates the function performed color gersion 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.

6.4. Creating, Copying, and Destroying Colormaps
To aeate a colormap for a screen, i&ereateColormap.

Colormap XCreateColormagisplay, w, visual, alloc)

Display *display;
Windoww;
Visual *visual;
int alloc;
display Specifies the connection to the X server.
w Specifies the winde 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 allocaténls can passAllocNone or Allo-
cAll..

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

The initial values of the colormap entries are undefined for the visual classgScale, Pseu-
doColor, and DirectColor . For StaticGray, StaticColor, and Tr ueColor, the entries hze
defined values, but those values are specific to the visual and are not defineédoys¥at-
icGray, StaticColor, and Tr ueColor, dloc must beAllocNone, or aBadMatch error results.
For the other visual classes, if allocAiocNone, the colormap initially has no allocated entries,
and clients can allocate theror 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 undefinedcor GrayScale and PseudoColor, the effect is as if aiXAllocColorCells

call returned all pixel values from zero to N — 1, where N is the colormap entries value in the
specified visual For DirectColor, 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. Hawyen dl cases, none of these entries can be
freed by usingKFreeColors.

XCreateColormap can generat8adAlloc, BadMatch, BadValue, and BadWindow errors.

To aeate a n@ colormap when the allocation out of a previously shared colormap has failed
because of resource exhaustion, ¥&opyColormapAndFree.

79



Xlib = C Library libX11 1.3.2

Colormap XCopColormapAndFreedisplay, 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 returnsviteloemap ID. It also mees dl of the

client’s existing allocation from the specified colormap to therselormap with their color val-

ues intact and their read-only or writable characteristics intact and frees those entries in the speci-
fied colormap. Color values in other entries in the nelormap are undefined. If the specified
colormap was created by the client with alloc seiltocAll , the nev colormap is also created

with AllocAll , dl 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
with AllocAll , the allocations to be mred are all those pixels and planes thavd&een allocated

by the client using{AllocColor , XAllocNamedColor, XAllocColorCells, or XAllocColor-

Planesand that hee rot been freed since thavere allocated.

XCopyColormapAndFree can generat®adAlloc andBadColor errors.
To destrgy a wlormap, useXFreeColormap.

XFreeColormapdisplay, colormap)

Display *display;

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

The XFreeColormap function deletes the association between the colormap resource ID and the
colormap and frees the colormap storage. H@weéhis 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 windoNone and generates @olormap-

Notify event. X does not define the colors displayed for a wimedth a colormap ofNone.

XFreeColormap can generate BadColor error.

6.5. Mapping Color Names to Values

To map a color name to an RGB value, ideookupColor .
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Status XLookupColorisplay, 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 (fotaenple, red) whose color definition struc-
ture you want returned.

exact_def returReturns 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 maXkeaokupColor 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, XiBarseColor.

Status XRrseColordisplay, colormap spec exact_def_return
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 returReturns the exact color value for later use and setPtied, 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 callmev Ifthe 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 spaceXassLookupColor.

81



Xlib = C Library libX11 1.3.2

Status XcmsLookupColod{splay, colormap, color_string, color_exact_returncolor_screen_return
result_forma)
Display *display;
Colormapcolormap
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_re-
turn and color_eact_return aguments). Ifthe format isXcmsUndefinedFor-
mat and the color string contains a numerical color specification, the specifica-
tion is returned in the format used in that numerical color specification. 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. Allocatingand Freeing Color Cells

There are tw 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 simultan&ously
read-only cell has its RGB value set by the serRerad/write cells do not ke defined colors

initially; functions described in the next section must be used to store values into them. Although
it is possible for ayclient to store values into a read/write cell allocated by another client,
read/write cells normally should be consideregabei to the client that allocated them.

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

To dlocate a read-only color cell with an RGB value, ¥gdlocColor .
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Status XAllocColor{lisplay, 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. Theorresponding colormap cell is read-only addition, XAllocColor returns nonzero

if it succeeded or zero if infled. Multipleclients that request the same effeetRGB value can

be assigned the same read-only ertknys 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 dlocate a read-only color cell with a color in arbitrary format, ¥smsAllocColor.

Status XcmsAllocColorisplay, 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 thel@rd 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

ary format. TheXcmsAllocColor function ultimately callsXAllocColor to allocate a read-only
color cell (colormap entry) with the specified coldtcmsAllocColor first corverts the color
specified to an RGB value and then passes thittmcColor . XcmsAllocColor returns the

pixel value of the color cell and the color specification actually allocated. This returned color
specification is the result of casiting the RGB value returned B¢AllocColor into the format
specified with the result_formatgarment. Ifthere is no interest in a returned color specification,
unnecessary computation can be bypassed if result_format istghg&RGBFormat. The cor-
responding colormap cell is read-anly this routine returnXcmskFailure, the color_in_out

color specification is left unchanged.

XcmsAllocColor can generate BadColor error.

To dlocate 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_return
Display *display;
Colormapcolormap
char *tolor_name
XColor *screen_def_returrFexact_def return

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

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

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

exact_def returReturns 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 readid@ypixel 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 notfmatter
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 undefinedAllocNamedColor returns nonzero if a cell is allo-

cated; otherwise, it returns zero.

XAllocNamedColor can generate BadColor error.

To dlocate a read-only color cell using a color name and return the closest color supported by the
hardware in an arbitrary format, uk§emsAllocNamedColor.

84



Xlib = C Library libX11 1.3.2

Status XcmsAllocNamedColadisplay, colormap, color_string, color_screen_returncolor_exact_return
result_forma)
Display *display;
Colormapcolormap
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_re-
turn and color_eact_return aguments). Ifthe format isXcmsUndefinedFor-
mat and the color string contains a numerical color specification, the specifica-
tion is returned in the format used in that numerical color specification. 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 that the color
returned can be in griormat specified. This function ultimately cak#\llocColor 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), corverted 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. Uskuppercase 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 corverting the RGB value returned B¥AllocColor 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 tcmsRGBFormat. If color_screen_return and color_exact_return point

to the same structure, the pixel field will be set correbtiiythe color values are undefined.

XcmsAllocNamedColor can generate BadColor error.

To dlocate read/write color cell and color plane combinations #@s@udoColormodel, use
XAllocColorCells.
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Status XAllocColorCellsdisplay, colormap contig, plane_masks_returmplanes
pixels_return npixelg
Display *display;
Colormapcolormap
Bool contig;
unsigned longlane_masks_retufhy
unsigned inthplanes
unsigned longpixels_returf];
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 ar
ray.

pixels_return Returns an array of pixel values.

npixels Specifies the number of pixel values that are to be returned in thle_eturn
array.

The XAllocColorCells function allocates read/write color cells. The number of colors must be
positive and the number of planes nogagve, or aBadValue error results. If ncolors and
nplanes are requested, then ncolors pixels and nplane plane masks are returned. No mask will
have any lits set to 1 in common with grother mask or with anof the pixels. ByORing

together each pixel with zero or more masks, ncolof®'*9distinct pixels can be produced.

All of these are allocated writable by the requési GrayScale or PseudoColor, each mask

has exactly one bit set to Eor DirectColor, each has exactly three bits set to 1. If contig is
True and if all masks are ORed togethesngle 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 generatBadColor and BadValue errors.

To dlocate read/write color resources fobaectColor model, useXAllocColorPlanes.
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Status XAllocColorPlaneslfsplay, colormap contig, pixels_return ncolors, nreds ngreens
nblues rmask_return gmask_returnbmask_returi
Display *display;
Colormapcolormap
Bool contig;
unsigned longpixels_returf];
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 pixeblues. XAllocColorPlanes returns the pigl values in
this array.

ncolors Specifies the number of pixel values that are to be returned in thle_eturn
array.

nreds

ngreens

nblues

Specify the number of red, green, and blue planes. The value you pass must be
nonngative.

rmask_return
gmask_return
bmask_return Return bit masks for the red, green, and blue planes.

The specified ncolors must be postiand nreds, ngreens, and nblues must be rgdine, or a
BadValue error results. If ncolors colors, nreds reds, ngreens greens, and nblues blues are
requested, ncolors pixels are returned; and the masksteals, ngreens, and nblues bits set to 1,
respectiely. If contig is True, each mask will hae a @ntiguous set of bits set to 1. No mask

will have any lits set to 1 in common with grother mask or with anof the pixels. For Direct-
Color, each mask will lie within the corresponding pixel subfield. By ORing together subsets of
masks with each pixel value, ncolors®ismareensnbluey gistinct pixel values can be produced.

All of these are allocated by the request. Hasein the colormap, there are only ncolors *
2"edSindependent red entries, ncolors™®"Sindependent green entries, and ncolor§™'%
independent blue entries. This is triverefor PseudoColor. When the colormap entry of a

pixel value is changed (usin¢StoreColors, 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, us¢FreeColors.
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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 novéany lits set to 1 in common with grof the pixels.

The set of all pixels is produced by ORing together subsets of the planes argument with the pix-
els. Therequest frees all of these pixels that were allocated by the client galfggcColor ,
XAllocNamedColor, XAllocColorCells, and XAllocColorPlanes). Notethat freeing an indi-

vidual pixel obtained fronXAllocColorPlanes may not actually all it to be reused until all of

its related pixels are also freed. Similadyread-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 mantimes before the entry is actually freed.

All specified pixels that are allocated by the client in the colormap are freedf ene or more
pixels produce an erroif a gpecified pixel is not a valid ingento the colormap, 8adValue

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, and BadValue errors.

6.7. Modifying and Querying Colormap Cells
To dore an RGB value in a single colormap cell, X&toreColor.

XStoreColor fisplay, 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. ¥6u specified this value in the pixel member of X@olor
structure. Thipixel value must be a read/write cell and a valid xnidéo the colormap. If a
specified pixel is not a valid ingeénto the colormap, 8adValue error results.XStoreColor

also changes the red, green, and/or blue color componémispecify which color components
are to be changed by settibpRed, DoGreen, and/or DoBlue in the flags member of the
XColor structure. Ifthe colormap is an installed map for its screen, the changes are visible
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immediately.
XStoreColor can generat®adAccess BadColor, and BadValue errors.

To gore multiple RGB values in multiple colormap cells, X&toreColors.

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 &fColor 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. Wu specify which color components are to be changed
by settingDoRed, DoGreen, and/or DoBlue in the flags member of théColor structures. If

the colormap is an installed map for its screen, the changes are visible immedi&teiseCol-

ors changes the specified pixels if yhare allocated writable in the colormap byyatient, even

if one or more pixels generates an erida specified pixel is not a valid indento the colormap,

a BadValue error results. If a specified pixel either is unallocated or is allocated readronly
BadAccesserror results. If more than one pixel is in ertbe one that gets reported is arbitrary.

XStoreColors can generat®adAccess BadColor, and BadValue errors.
To dore a color of arbitrary format in a single colormap cell, XiseasStoreColor.

Status XcmsStoreColadisplay 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 stovialues specified in thiXcmsCol-

or structure remain unchanged on return.

The XcmsStoreColor function cowerts the color specified in thécmsColor structure into

RGB walues. ltthen uses this RGB specification ind@olor structure, whose three flags

(DoRed, DoGreen, and DoBlue) are set, in a call t&XStoreColor to change the color cell spec-

ified by the pixel member of thécmsColor structure. Thigixel value must be a valid inkléor

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
allocated read-on)ya BadAccesserror results. If the colormap is an installed map for its screen,
the changes are visible immediately.

Note thatXStoreColor has no return value; therefore, domsSuccesseturn value from this
function indicates that the cegrsion to RGB succeeded and the calk®toreColor was made.

To dbtain the actual color stored, u¥emsQueryColor. Because of the screarfiardware limi-
tations or gamut compression, the color stored in the colormap may not be identical to the color
specified.

89



Xlib = C Library libX11 1.3.2

XcmsStoreColor can generat®adAccess BadColor, and BadValue errors.
To gore multiple colors of arbitrary format in multiple colormap cells, XxemsStoreColors

Status XcmsStoreColordigplay, colormap colors, ncolors, compression_flags_retuyn
Display *display;
Colormapcolormap
XcmsColorcolorg[];
int ncolors;
Bool compression_flags_retufh

display Specifies the connection to the X server.
colormap Specifies the colormap.
colors Specifies the color specification arrayXdmsColor structures, each specifying

a wlor cell and the color to store in that cellalues 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 stHtas.non-
NULL pointer is supplied, each element of the array is sét tee if the corre-
sponding color was compressed dralse otherwise. Bss NULL if the com-
pression status is not useful.

The XcmsStoreColorsfunction cowerts the colors specified in the arrayXdmsColor 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 correspondicgsColor structure. Eacpixel value
must be a valid indefor 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-palBadAccesserror results. If more than one

pixel is in errorthe one that gets reported is arbitrafythe colormap is an installed map for its
screen, the changes are visible immediately.

Note thatXStoreColors has no return value; therefore, domsSuccesseturn value from this
function indicates that cesrsions to RGB succeeded and the cakf&toreColors was made.

To dbtain the actual colors stored, usemsQueryColors. Because of the screartardware
limitations 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 dore a color specified by name in a single colormap cellX@&ereNamedColor.
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XStoreNamedColodisplay, 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 setYou can set this member to the bitwise inckesOR of the bitsDoRed,

DoGreen, and DoBlue. If the color name is not in the Host Portable Character Encoding, the
result is implementation-dependent. Use of uppercase or lowercase does notlfriagespeci-

fied pixel is not a valid indeinto the colormap, 8adValue error results. If the specified pixel

either is unallocated or is allocated read-palgadAccesserror results.

XStoreNamedColor can generat®adAccess BadColor, BadName, and BadValue errors.

The XQueryColor and XQueryColors functions tak pixel values in the pixel member of

XColor structures and store in the structures the RGB values for those pixels from the specified
colormap. Thevalues returned for an unallocated entry are undefined. These functions also set
the flags member in th€Color structure to all three colors. If a pixel is not a valid indgo

the specified colormap,BadValue error results. If more than one pixel is in eytbe one that

gets reported is arbitrary.

To query the RGB value of a single colormap cell, X§gueryColor .

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 inXt@olor structure
and sets th®oRed, DoGreen, and DoBlue flags.

XQueryColor can generat®adColor andBadValue errors.

To query the RGB values of multiple colormap cells, X§gueryColors.
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XQueryColorslisplay, colormap defs_in_outncolors)
Display *display;
Colormapcolormap
XColor defs_in_ouf;

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 teegpgcified
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€olor structure and
sets theDoRed, DoGreen, and DoBlue flags in each structure.

XQueryColors can generat®adColor and BadValue errors.
To query the color of a single colormap cell in an arbitrary formatXesesQueryColor.

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 gqUéry 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 ceerts the value to the target format as specified
by the result_format gument. Ifthe pixel is not a valid indein the specified colormap,Bad-
Value error results.

XcmsQueryColor can generat®adColor and BadValue errors.

To query the color of multiple colormap cells in an arbitrary format,XsmsQueryColors.
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Status XcmsQueryColordisplay, colormap colors_in_out ncolors, result_formayj
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 akcmsColor 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 ofcmsColor 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 caarts the values to the target format as specified by the
result_format agument. Ifa pxel is not a valid indeinto the specified colormap,BadValue

error results. If more than one pixel is in eftbe one that gets reported is arbitrary.

XcmsQueryColors can generat®adColor and BadValue errors.

6.8. ColorConversion Context Functions
This section describes functions to create, moeifg query Color Corersion Contexts (CCCs).

Associated with each colormap is an initial CCC transparently generated byTKébefore,
when you specify a colormap as an argument to a function, you are indirectly specifying a CCC.
The CCC attributes that can be maodified 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. Gettingand Setting the Color Cowersion Context of a Colormap
To dbtain the CCC associated with a colormap, XisexsCCCOfColormap.

XcmsCCC XemsCCCOfColormagdisplay, colormap)
Display *display;
Colormapcolormap

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

The XecmsCCCOfColormap function returns the CCC associated with the specified colormap.
Once obtained, the CCC attributes can be queried or modified. Unless the CCC associated with
the specified colormap is changed witbmsSetCCCOfColormap, this CCC is used when the
specified colormap is used as an argument to color functions.
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To dchange the CCC associated with a colormap XsrsSetCCCOfColormap.

XecmsCCC XcmsSetCCCOfColormagigplay colormap ccc)
Display *display;
Colormapcolormap
XecmsCCCeccc;
display Specifies the connection to the X server.
colormap Specifies the colormap.

ccc Specifies the CCC.

The XcmsSetCCCOfColormap function changes the CCC associated with the specified col-
ormap. Itreturns the CCC previously associated with the colormap. yfateenot used again in

the application, CCCs should be freed by calansFreeCCC. Seveal colormaps may share

the same CCC without restriction; this includes the CCCs generated by Xlib with each colormap.
Xlib, however, creates a ne CCC with each n& colormap.

6.8.2. Obtainingthe Default Color Corversion Context

You can change the default CCC attributes for subsequently created CCCs by changing the CCC
attributes of the default CCQA default CCC is associated with each screen.

To obtain the default CCC for a screen, ux@ansDefaultCCC.

XecmsCCC XecmsDefultCCC display, screen_numbér

Display *display;

int screen_number
display Specifies the connection to the X server.
screen_numbeBpecifies 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. ColorConversion Context Macros

Applications should not directly modify mipart of theXcmsCCC. The following lists the C
language macros, their corresponding functionvetgnts for other language bindings, and what
data thg both can return.

DisplayOfCCC €cc)
XecmsCCCccc;

Display *XcmsDisplayOfCCCdcc)
XecmsCCCccc;
ccc Specifies the CCC.

Both return the display associated with the specified CCC.
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VisualOfCCC ¢co)
XemsCCCccc;

Visual *Xcms\sualOfCCC ¢cc)
XecmsCCCccc;

ccc Specifies the CCC.

Both return the visual associated with the specified CCC.

ScreenNumberOfCCE¢c)
XemsCCCccc;

int XcmsScreenNumberOfCCC¢c)
XecmsCCCccc;

ccc Specifies the CCC.

Both return the number of the screen associated with the specified CCC.

ScreenWhitePointOfCCE¢c)
XecmsCCCccc;

XcmsColor *XcmsScreenWhitePointOfCCEXC)
XecmsCCCccc;

ccc Specifies the CCC.

Both return the white point of the screen associated with the specified CCC.

ClientWhitePointOfCCC¢gcc)
XecmsCCCccc;

XcmsColor *XcmsClientWhitePointOfCCE¢c)
XecmsCCCccc;

ccc Specifies the CCC.

Both return the Client White Point of the specified CCC.

6.8.4. Modifying Attributes of a Color Conversion Context
To st the Client White Point in the CCC, usemsSetWhitePoint
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Status XcmsSetWhitePoirdgc, color)
XecmsCCCeccc;
XcmsColor *tolor;

ccc Specifies the CCC.
color Specifies the ve 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 ne white point must beXcmsCIEXYZFormat , XemsCIEuvYFormat,
XcmsCIExyYFormat, or XemsUndefinedFormat If the color argument is NULL, this func-

tion sets the format component of the Client White Point specificati¥nrttsUndefinedFor-

mat, 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 tivewkite point is valid; otherwise, it
returns zero.

To st the gamut compression procedure and corresponding client data in a specified CCC, use
XcmsSetCompressionProc

XcmsCompressionProc XecmsSetCompressionR@z; compression_proaclient_datg
XecmsCCCeccc;
XcmsCompressionPrammpression_prgc
XPointerclient_datg

ccc Specifies the CCC.

compression_proc
Specifies the gmut compression procedure that is to be applied when a color lies
outside the screem'mlor gamut. IfNULL is specified and a function using this
CCC must cowvert a color specification to a device-dependent format and en-
counters a color that lies outside the screenlor gamut, that function will re-
turn 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 =t the white point adjustment procedure and corresponding client data in a specified CCC, use
XcmsSetWhiteAdjustProc.
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XcmsWhiteAdjustProc XcmsSetWhiteAdjustPrac€, white_adjust_progclient_datg
XcmsCCCeccc;
XcmsWhiteAdjustProevhite_adjust_pror
XPointerclient_datg

ccc 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 Comersion Context

You can explicitly create a CCC within your application by callkgmsCreateCCC. These
created CCCs can then be used by those functions that explicitly call for a @@@at. Old
CCCs that will not be used by the application should be freed XsimgFreeCCC.

To create a CCC, us¥cmsCreateCCC.
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XecmsCCC XcmsCreateCCa@isplay, screen_numberwisual, client_white_pointcompression_proc
compression_client_datavhite_adjust_procwhite_adjust_client_daja
Display *display;
int screen_number
Visual *visual;
XcmsColor *tlient_white_point
XcmsCompressionPrammpression_prgc
XPointercompression_client_data
XcmsWhiteAdjustProevhite_adjust_pror
XPointerwhite_adjust_client_data

display Specifies the connection to the X server.
screen_numbeBpecifies 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 thatethe pix
member is ignored.

compression_proc
Specifies the gamut compression procedure that is to be applied when a color lies
outside the screem'mlor gamut. IfNULL is specified and a function using this
CCC must covert a color specification to a dee-dependent format and en-
counters a color that lies outside the screenlor gamut, that function will re-
turn 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 disptaseen, and visual.

To free a CCC, us¥cmsFreeCCC.

void XcmsFreeCCCdcc)
XecmsCCCeccc;

ccc 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.

6.9. Corverting between Color Spaces

To corvert an array of color specifications in arbitrary color formats to a single destination for-
mat, useXcmsCorvertColors.
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Status XcmsCorertColors (ccc, colors_in_out ncolors, target_format, compression_flags_retuyn
XecmsCCCeccc;
XcmsColorcolors_in_ouf];
unsigned intcolors,
XcmsColorFormatarget_format,
Bool compression_flags_retufh

ccc Specifies the CCC. If corrsion is between device-independent color spaces on-
ly (for example, TekHVC to CIELuv), the CCC is necessary only to specify the
Client White Point.

colors_in_out Specifies an array of color specificatiofixel 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 stHtas.non-
NULL pointer is supplied, each element of the array is sét tee if the corre-
sponding color was compressed dralse otherwise. Bss NULL if the com-
pression status is not useful.

The XcmsCorvertColors function comerts the color specifications in the specified array of
XcmsColor structures from their current format to a single target format, using the specified
CCC. Wherthe return value iXcmsFailure, 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, XcemsRGBFormat), all specifications are ceerted to CIE XYZ format

and then to the target device-dependent format.

6.10. CallbackFunctions
This section describes the gamut compression and white point adjustment callbacks.

The gamut compression procedure specified in the CCC is called when an attemydrtaacon
color specification fromrXcmsCIEXYZ to a device-dependent format (typicakgmsRGBI)
results in a color that lies outside the screeofor gamut. Ifthe gamut compression procedure
requires client data, this data is passed via the gamut compression client data in the CCC.

During color specification cemrsion 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 diffdrrequired, the client data is obtained from the
CCC.

6.10.1. Pototype Gamut Compression Procedure
The gamut compression callback interface must adhere to the following:

99



Xlib = C Library libX11 1.3.2

typed

ef Status XcmsCompressionProcggc, colors_in_out ncolors, index, compression_flags_retuyn

XecmsCCCeccc;
XcmsColorcolors_in_out[];
unsigned intcolors,

unsigned inindex

Bool compression_flags_return]

Cccc

Specifies the CCC.

colors_in_out Specifies an array of color specificatio@xel members should be ignored and

ncolo
index

must remain unchanged upon return.
rs Specifies the number ofcmsColor structures in the color-specification array.

Specifies the indeinto the array ofXcmsColor structures for the encountered
color specification that lies outside the screenlor gamut. \alid values are 0
(for the first element) to ncolors - 1.

compression_flags_return

Returns an array of Boolean values for indicating compression stasion-
NULL pointer is supplied and a color at a/@i index is compressed, thefir ue
should be stored at the corresponding xnitethis 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 in the color specification array can be assumed to fall
within the screes mlor gamut. Inaddition, these color specifications are already in some
device-dependent format (typicalKcmsRGBi). If any modifications are made to these
color specifications, tlyemust be in their initial device-dependent format upon return.

When called, the element in the color specification array specified by tixeargdment
contains the color specification outside the sceeetor gamut encountered by the calling
routine. Inaddition, this color specification can be assumed to bemsCIEXYZ .

Upon return, this color specification must bexemsCIEXYZ .

When called, elements from ind& ncolors — 1 in the color specification array may or
may not fall within the screesimlor gamut. Inaddition, these color specifications can be
assumed to be iIKcmsCIEXYZ . If any modifications are made to these color specifica-
tions, thg must be inXcmsCIEXYZ upon return.

The color specifications passed to the gamut compression procededréady 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 systenXarmeAddColorSpaceto ensure
that it is added.

6.10.2. SuppliedGamut Compression Procedures
The following equations are useful in describing gamut compression functions:

CIELab Psychometri€hroma= sqrt(a_star? + b_star?)

_, tb_stard

CIELab Psychometritiue=tan~ ——[

A starg
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CIELuv Psychometri€hroma= sqrt(u_star® + v_star?)

- star
CIELuv Psychometritiue=tar* v-starg

Lu_stard

The gamut compression callback procedures provided by Xlib are as follows:

XcmsCIELabClipL

This brings the encountered out-of-gamut color specification into the scoskm’gamut

by reducing or increasing CIE metric lightness (L*) in the CIE L*a*b* color space until the
color is within the gmut. Ifthe 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. Se¥cmsCIELabQueryMaxC . No dient data is necessary.

XcmsCIELabClipab

This brings the encountered out-of-gamut color specification into the scoskm’gamut
by reducing Psychometric Chroma, while maintaining Psychometric Hue Angle, until the
color is within the gmut. Noclient data is necessary.

XcmsCIELabClipLab

This brings the encountered out-of-gamut color specification into the scoskm’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 scoskm’gamut

by reducing or increasing CIE metric lightness (L*) in the CIE L*u*v* color space until the
color is within the gmut. Ifthe 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 dient data is necessary.

XcmsCIELuvClipuv

This brings the encountered out-of-gamut color specification into the scoskm’gamut
by reducing Psychometric Chroma, while maintaining Psychometric Hue Angle, until the
color is within the gmut. Noclient data is necessary.

XcmsCIELuvClipLuv

This brings the encountered out-of-gamut color specification into the scoskm’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.

XcmsTekHVCClipV

This brings the encountered out-of-gamut color specification into the scoskm’gamut

by reducing or increasing the Value dimension in the TekHVC color space until the color is
within the gamut. IfChroma 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.

XcmsTekHVCClipC

This brings the encountered out-of-gamut color specification into the scoskm’gamut
by reducing the Chroma dimension in the TekHVC color space until the color is within the
gamut. Noclient data is necessary.
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. XcmsTekHVCClipvC

This brings the encountered out-of-gamut color specification into the scoskam’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. Pototype White Point Adjustment Procedure
The white point adjustment procedure interface must adhere to the following:

typedef Status XcmsWhiteAdjustProc ){cc, initial_white_point target_white_poinf target_format,
colors_in_out ncolors, compression_flags_retuyn
XecmsCCCccc;
XcmsColor fnitial_white_point
XcmsColor *target_white_poing
XcmsColorFormatarget_format,
XcmsColorcolors_in_out[];
unsigned inhcolors,
Bool compression_flags_return]

ccc Specifies the CCC.

initial_white_point
Specifies the initial white point.

targel_white_point
Specifies the target white point.

target_format Specifies the target color specification format.

colors_in_out Specifies an array of color specificatio@xel members should be ignored and
must remain unchanged upon return.

ncolors Specifies the number ofcmsColor structures in the color-specification array.

compression_flags_return
Returns an array of Booleamlues for indicating compression status. If a non-
NULL pointer is supplied and a color at a/@i index is compressed, thefir ue
should be stored at the corresponding xnotethis array; otherwise, the array
should not be modified.

6.10.4. SuppliedWhite 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 cwoerts the color specifications dcmsCIELab using the source
white point and then cemerts to the target specification format using the destinatiohite
point. Noclient 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 cwoerts the color specifications dcmsCIELuv using the source
white point and then ceomerts to the target specification format using the destinatiohite
point. Noclient data is necessary.
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. 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 carts the color specifications d¥cmsTekHVC using the source

white point and then cemerts to the target specification format using the destinatiohite

point. Anadvantage of this procedureepthose previously described is an attempt to min-
imize hue shift. No client data is necessary.

From an implementation point of wethese white point adjustment proceduresvedrthe 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 ogenting 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 CIEIEXY Z,

and CIE xyY When d&eloping 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 ensure 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 difféne XcmsAllocColor function will use the white point
adjustment procedure twice:

. Once to conert to XcmsRGB
. A second time to camert from XcmsRGB

For example, assume the specification isiemsCIEuvY and the adjustment proceduredsm-
sCIELuvWhiteShiftColors . During comwversion to XcmsRGB, the call toXcmsAllocColor
results in the following series of color specificationvamsions:

. From XcmsCIEuvY to XcmsCIELuv using the Client White Point
. From XcmsCIELuv to XemsCIEuvY using the Screen White Point

. From XcmsCIEuvY to XcmsCIEXYZ (CIE uv'Y and XYZ are white-point-independent
color spaces)

. From XcmsCIEXYZ to XcmsRGBi
. From XcmsRGBI to XcmsRGB

The resulting RGB specification is passeXtdlocColor , and the RGB specification returned
by XAllocColor is corverted back taXcmsCIEuvY by reversing the color corersion sequence.

6.11. GamutQuerying Functions

This section describes the gamut querying functions that XINdges. Theséunctions allow
the client to query the boundary of the screenlor gamut in terms of the CIE L*a*b*, CIE
L*u*v*, and TekHVC color spaces. Functions are also provided thawvaitu 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 scieeslor gamut.
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The following naming corention is used for the Max and Min functions:

Xcms<color_spacexXQueryMaxdimensions>

Xcms<color_spacexXueryMincdimensions>

The <dimensions> consists of a letter or letters that identify the dimensions of the color space that
are not fied. For example XcmsTekHVCQueryMaxC is given a fixed Hue and Value for
which maximum Chroma is found.

6.11.1. RedGreen, and Blue Queries

To dbtain the color specification for black (zero-intensity red, green, and bluefcosQuery-
Black.

Status XcmsQueryBlack¢c, target_format, color_return)
XecmsCCCeccc
XcmsColorFormatarget_format,
XcmsColor *tolor_return;

ccc Specifies the CCC. The CCCdient 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 bluelhe white point associated with the returned color specifi-
cation is the Screen White Point. The value returned in the pixel member is un-
defined.

The XcmsQueryBlack function returns the color specification in the specified target format for
zero-intensity red, green, and blue.

To dbtain the color specification for blue (full-intensity blue while red and green are zero), use
XcmsQueryBlue.

Status XcmsQueryBlue€c, target_format color_return)
XecmsCCCeccc;
XcmsColorFormatarget_format,
XcmsColor *tolor_return;

ccc Specifies the CCC. The CCCdient 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 specifiegygauformat for full-intensity
blue while red and green are zefbhe white point associated with the returned
color specification is the Screen White Point. Tlaue returned in the pak
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 dbtain the color specification for green (full-intensity green while red and blue are zero), use
XcmsQueryGreen
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Status XcmsQueryGreeodc, target_format, color_return)
XecmsCCCeccc;
XcmsColorFormatarget_format,
XcmsColor *tolor_return;

ccc Specifies the CCC. The CCCdient 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 specifiegygtuformat for full-intensity
green while red and blue are zerbhe white point associated with the returned
color specification is the Screen White Point. Tladue returned in the pak
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 dbtain the color specification for red (full-intensity red while green and blue are zero), use
XcmsQueryRed.

Status XcmsQueryRed¢c, target_format color_return)
XecmsCCCeccc;
XcmsColorFormatarget_format,
XcmsColor *tolor_return;

ccc Specifies the CCC. The CCCdient 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 zerdhe white point associated with the returned color

specification is the Screen White Point. Tladue returned in the pixel member
is undefined.

The XcmsQueryRed function returns the color specification in the specified target format for
full-intensity red while green and blue are zero.

To dbtain the color specification for white (full-intensity red, green, and blue)XassQuery-
White.

Status XcmsQueryWhite€c, target_format, color_return)
XecmsCCCeccc;
XcmsColorFormatarget_format,
XcmsColor *tolor_return;

ccc Specifies the CCC. The CCCdient 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.
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The XcmsQueryWhite function returns the color specification in the specified target format for
full-intensity red, green, and blue.

6.11.2. CIELabQueries
The following equations are useful in describing the CIELab query functions:

CIELab Psychometri€hroma= sqrt(a_star? + b_star?)

. (b starU
CIELab Psychometritiue = tan* ———
r_starp

To dbtain the CIE L*a*b* coordinates of maximum Psychometric Chroma foven ¢isychome-
tric Hue Angle and CIE metric lightness (L*), ukemsCIELabQueryMaxC .

Status XcmsCIELabQueryMax€dc, hue_angleL_star, color_return)
XcmsCCcCccc,
XcmsFloathue_angle
XcmsFloatl_star;
XcmsColor *tolor_return;

cce Specifies the CCCThe CCCs dient 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 gen 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, gven 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 dbtain the CIE L*a*b* coordinates of maximum CIE metric lightness (L*) fonagPsycho-
metric Hue Angle and Psychometric Chroma, ¥sensCIELabQueryMaxL .

Status XcmsCIELabQueryMaxkéc, hue_anglechroma, color_return)
XcmsCCcCccc,
XcmsFloathue_angle
XcmsFloatchroma;
XcmsColor *tolor_return;

cce Specifies the CCCThe CCCs dient 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 gen 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, gien a tue angle and chroma, finds the point in CIE
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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 theegi chroma
is beyond maximum for thegin hue angle.

To dbtain the CIE L*a*b* coordinates of maximum Psychometric Chroma foven ¢isychome-
tric Hue Angle, useXcmsCIELabQueryMaxLC .

Status XcmsCIELabQueryMaxLE€¢c, hue_anglecolor_return)
XecmsCCCeccc;
XcmsFloathue_angle
XcmsColor *tolor_return;

ccc Specifies the CCCThe CCCs dient 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 gen hue angle.The white point associated with the returned col-

or specification is the Screen White Poiiihe value returned in the pixel mem-
ber is undefined.

The XcmsCIELabQueryMaxLC function, gven a hue angle, finds the point of maximum
chroma displayable by the screen. It returns this point in CIE L*a*b* coordinates.

To dbtain the CIE L*a*b* coordinates of minimum CIE metric lightness (L*) foraegiPsycho-
metric Hue Angle and Psychometric Chroma, ¥sensCIELabQueryMinL .

Status XcmsCIELabQueryMinlcEc, hue_anglechroma, color_return)
XcmsCCCeccc;
XcmsFloathue_angle
XcmsFloatchroma;
XcmsColor *tolor_return;

ccc Specifies the CCCThe CCCs dient 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 gen 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 XecmsCIELabQueryMinL 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 XcmskFailure return value usually indicates that theegi chroma is beyond maximum for the
given hue angle.

6.11.3. CIELuvQueries
The following equations are useful in describing the CIELuv query functions:

CIELuv Psychometri€hroma= sqrt(u_star® + v_star?)

star
CIELuv Psychometri¢iue = tarit B'=> U
Y Lu_starl
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To dbtain the CIE L*u*v* coordinates of maximum Psychometric Chroma fovendtsychome-
tric Hue Angle and CIE metric lightness (L*), u§emsCIELuvQueryMaxC .

Status XcmsCIELuvQueryMax@¢c, hue_angleL_star, color_return)
XcmsCCCeccc;
XcmsFloathue_angle
XcmsFloatl_star,
XcmsColor *tolor_return;

ccc Specifies the CCCThe CCCs dient 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 gen 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 XemsCIELuvQueryMaxC function, gven 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 dbtain the CIE L*u*v* coordinates of maximum CIE metric lightness (L*) foraegiPsycho-
metric Hue Angle and Psychometric Chroma, ¥sensCIELuvQueryMaxL .

Status XcmsCIELuvQueryMaxIcgc, hue_anglechroma, color_return)
XcmsCCCeccc;
XcmsFloathue_angle
XcmsFloatchroma;
XcmsColor *tolor_return;

ccc Specifies the CCCThe CCCs dient 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 gen 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, gien a tue 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 theegi chroma

is beyond maximum for thegin hue angle.

To dbtain the CIE L*u*v* coordinates of maximum Psychometric Chroma fovendtsychome-
tric Hue Angle, useXcmsCIELuvQueryMaxLC .
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Status XcmsCIELuvQueryMaxL@¢c, hue_anglecolor_return)
XcmsCCCeccc;
XcmsFloathue_angle
XcmsColor *tolor_return;

ccc Specifies the CCCThe CCCs dient 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 gen hue angle.The white point associated with the returned col-
or specification is the Screen White Poiiihe value returned in the pixel mem-
ber is undefined.

The XemsCIELuvQueryMaxLC function, gven a hue angle, finds the point of maximum
chroma displayable by the screen. It returns this point in CIE L*u*v* coordinates.

To dbtain the CIE L*u*v* coordinates of minimum CIE metric lightness (L*) foreegiPsycho-
metric Hue Angle and Psychometric Chroma, ¥sensCIELuvQueryMinL .

Status XcmsCIELuvQueryMinlocc, hue_anglechroma, color_return)
XecmsCCCeccc;
XcmsFloathue_angle
XcmsFloatchroma;
XcmsColor *tolor_return;

ccc Specifies the CCCThe CCCs dient 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 gen 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 XemsCIELuvQueryMinL 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 theegi chroma is beyond maximum for the
given hue angle.

6.11.4. BEKHVC Queries
To dbtain the maximum Chroma for avgh Hue and Value, usEcmsTekHVCQueryMaxC .
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Status Xcms@kHVCQueryMaxC€cc, hue, value, color_return)
XecmsCCCeccc;
XcmsFloathue
XcmsFloatvalue
XcmsColor *tolor_return;

ccc Specifies the CCC. The CCCdient 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 ahdVatwhich the
maximum Chroma was found. The white point associated with the returned col-
or specification is the Screen White Poiiihe value returned in the pixel mem-
ber is undefined.

The XecmsTekHVCQueryMaxC function, gven 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 dbtain the maximum Value for avgn Hue and Chroma, us¢cmsTekHVCQueryMaxV .

Status Xcms@kHVCQueryMaxV €cc, hue, chroma, color_return)
XecmsCCCeccc;
XcmsFloathue
XcmsFloatchroma;
XcmsColor *tolor_return;

ccc Specifies the CCC. The CCCdient 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 foundThe white point associated with the returned color speci-
fication is the Screen White Point. The value returned in the pixel member is un-
defined.

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 dbtain the maximum Chroma and Value at which it is reached for a specified Hxemse
sTekHVCQueryMaxVC .
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Status Xcms@8kHVCQueryMaxVC ¢cc, hue, color_return)
XecmsCCCeccc;
XcmsFloathue
XcmsColor *tolor_return;

ccc Specifies the CCCThe CCCs dient 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. Tladue returned in the pak
member is undefined.

The XcmsTekHVCQueryMaxVC function, gven a Hue, determines the maximum Chroma in
TekHVC color space displayable by the screen and the Value at which that maximum Chroma is
reached. Iteturns the maximum Chroma, the Value at which that maximum Chroma is reached,
and the actual Hue for which the maximum Chroma was found.

To dbtain a specified number of TekHVC specifications such thatctirgain maximum Values
for a specified Hue and the Chroma at which the maximum Values are reach¥dmise
sTekHVCQueryMaxVSamples.

Status Xcms@8kHVCQueryMaxVSampleg€c, hue, colors_return nsample}
XecmsCCCeccc;
XcmsFloathue
XcmsColorcolors_return(];
unsigned inhsamples

ccc Specifies the CCCThe CCCs dient 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 XcmsTekHVC such that the Chroma
is the maximum attainable for the Value and Haé&e white point associated
with the returned color specification is the Screen White Pdihe value re-
turned 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. Thesesample points may then be used to plot the maximum Value/Chroma boundary of
the screers olor gamut for the specified Hue in TekHVC color space.

To dbtain the minimum Value for axgn Hue and Chroma, usécmsTekHVCQueryMinV .
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Status Xcms&kHVCQueryMinV (ccc, hue, chroma, color_return)
XecmsCCCeccc;
XcmsFloathue
XcmsFloatchroma;
XcmsColor *tolor_return;

ccc Specifies the CCC. The CCCdient 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 foundThe white point associated with the returned color speci-
fication is the Screen White Point. The value returned in the pixel member is un-
defined.

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. ColorManagement Extensions
The Xlib color management facilities can be extended awrays:
. Device-Independent Color Spaces

Device-independent color spaces that arevdele 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 corert between these color spaces and the CIE XYZ color space, bundled
together for a specific class of outputvides. Afunction set can be added using Xem-
sAddFunctionSetfunction.

6.12.1. ColorSpaces

The CIE XYZ color space serves as the hub for alemions between device-independent and
device-dependent color spaces. Therefore, the knowledgeverican XcmsColor structure to

and from CIE XYZ format is associated with each color sp&oeexample, comersion from

CIE L*u*v* to RGB requires the knowledge to cgant 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 the XcmsColor structure to or from CIE XYZ format. This color specification con-
version mechanism facilitates the addition of color spaces.

Of course, when caerting between only device-independent color spaces or only device-depen-
dent color spaces, shortcuts are taken wieerppssible. Br example, corersion from TekHVC

to CIE L*u*v* is performed by intermediate cearsion to CIE u*v*Y and then to CIE L*u*v*,

thus bypassing cemrsion between CIE u*v*Y and CIE XYZ.

6.12.2. AddingDevice-Independent Color Spaces
To add a device-independent color space, XisexsAddColorSpace
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Status XcmsAddColorSpaocedlor_space
XcmsColorSpacecolor_space

color_space Specifies the device-independent color space to add.

The XcmsAddColorSpacefunction makes a device-independent color space (actuaMgias-
ColorSpacestructure) accessible by the color management system. Because format values for
unregistered color spaces are assigned at run tinyesttbeld be treated as pate 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 systan,
sAddColorSpacereturnsXcmsSuccess

Note that addeXcmsColorSpaceanust be retained for reference by Xlib.

6.12.3. QueryingColor Space Format and Prefix

To dbtain the format associated with the color space associated with a specified color string pre-
fix, use XcmsFormatOfPrefix.

XcmsColorFormat XemadtrmatOfPrefix prefix)
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-insensit. If the color space is not accessi-
ble in the color management systeXemsFormatOfPrefix returnsXcmsUndefinedFormat

To dbtain the color string prefix associated with the color space specified by a color format, use
XcmsPrefixOfFormat.

char *XcmsPrefixOfBrmat format)
XcmsColorFormaformat;

format Specifies the color specification format.

The XcmsPrefixOfFormat function returns the string prefix associated with the color specifica-
tion encoding specified by the formagament. Otherwisaf no encoding is found, it returns
NULL. Thereturned string must be treated as read-only.

6.12.4. Ceating Additional Color Spaces

Color space specific information necessary for color spasersion and color string parsing is

stored in anXcmsColorSpacestructure. Therefore rew dructure containing this information

is required for each additional color space. In the case of device-independent color spaces, a han-
dle to this ne structure (that is, by means of a global variable) is usually made accessible to the
client program for use with thécmsAddColorSpacefunction.

If a newXcmsColorSpacestructure specifies a color space not registered with the X Consor-

tium, they should be treated as pate 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 prefixX@asFormatOfPrefix and
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XcmsPrefixOfFormat).

typedef (*XcmsComnersionProc)();
typedef XcmsCoversionProc *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 colos Syaug’
format. For example, the strings “ciexyor *‘CIEXYZ' " for CIE XYZ, and “rgb’ or “‘RGB”

for RGB. The prefix is case insengéti 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 irforasColor 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. Wherthe list of functions is»ecuted in series, it will carert the color specified in akcm-
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 explic#élyen though white points can be found in the

CCC. Thenverse_flag membeif 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

foreach i, suchthat0 <=i<n
from_CIEXYZ[n - i - 1] is the inerse of to_CIEXYZ]].

This allows Xlib to use the shortest eersion path, thus bypassing CIE XYZ if possible (for
example, TekHVC to CIE L*u*v*).

6.12.5. Rirse String Callback

The callback in theXcmsColorSpacestructure for parsing a color string for the particular color
space must adhere to the following software interface specification:

typedef int (*XcmsRrseStringProcplor_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 spag@mat.
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6.12.6. ColorSpecification Cowersion Callback

Callback functions in th&XcmsColorSpacestructure for coverting a color specification
between device-independent spaces must adhere to the following software interface specification:

Status CowersionProc ¢cg white_poinf colors_in_outncolors)
XecmsCCCeccc;
XcmsColor *white_point
XcmsColor *tolors_in_out
unsigned intcolors,

ccc Specifies the CCC.

white_point  Specifies the white point associated with color specificatidhg. pixel member
should be ignored, and the entire structure remain unchanged upon return.

colors_in_out Specifies an array of color specificatio@xel members should be ignored and
must remain unchanged upon return.

ncolors Specifies the number ofcmsColor structures in the color-specification array.

Callback functions in th&XcmsColorSpacestructure for coverting a color specification to or
from a device-dependent space must adhere to the following software interface specification:

Status CowersionProc ¢cc colors_in_outncolors compression_flags_retuyn
XcmsCCCeccc;
XcmsColor *tolors_in_out
unsigned intcolors,
Bool compression_flags_retufh

ccc Specifies the CCC.

colors_in_out Specifies an array of color specificatio&@xel members should be ignored and
must remain unchanged upon return.

ncolors Specifies the number ofcmsColor structures in the color-specification array.

compression_flags_return
Returns an array of Boolean values for indicating compression stasion-
NULL pointer is supplied and a color at a/gi index is compressed, thefir ue
should be stored at the corresponding xnotethis array; otherwise, the array
should not be modified.

Corversion functions arewailable globally for use by other color spaces. Thevewsion func-
tions provided by Xlib are:

Function Converts from Corverts to
XcmsCIELabToCIEXYZ XcmsCIELabFormat XemsCIEXYZFormat
XemsCIELuvToCIEuvY XemsCIELuvFormat XcmsCIEuvYFormat
XcmsCIEXYZToCIELab XemsCIEXYZFormat XcmsCIELabFormat
XemsCIEXYZToCIEuvY XcemsCIEXYZFormat XcmsCIEuvYFormat
XemsCIEXYZToCIExyY XcmsCIEXYZFormat XcmsCIExyYFormat
XcmsCIEXYZToRGBi XecmsCIEXYZFormat XcmsRGBiFormat
XemsCIEuvYToCIELuv XemsCIEuvYFormat XcmsCIELabFormat
XemsCIEuvYToCIEXYZ XcmsCIEuvYFormat XemsCIEXYZFormat
XcmsCIEuvYToTekHVC XcmsCIEuvYFormat XcmsTekHVCFormat
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Function Converts from Corverts to
XemsCIExyYToCIEXYZ XcmsCIExyYFormat XemsCIEXYZFormat
XcmsRGBToRGBiI XcmsRGBFormat XcmsRGBiFormat
XcmsRGBIToCIEXYZ XcmsRGBiFormat XemsCIEXYZFormat
XcmsRGBIiToRGB XcmsRGBiFormat XcmsRGBFormat
XcmsTekHVCToCIEuvY XcmsTekHVCFormat XcmsCIEuvYFormat

6.12.7. FunctionSets

Functions to covert 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 beemldped. Afunction set consists of device-
dependent color spaces and the functions thatetorolor specifications between these device-
dependent color spaces and the CIE XYZ color space appropriate for a particular class of output
devices. Theunction set also contains a function that reads color characterization fdatat of
window properties. lis this characterization data that will differ between devices within a class

of output deices. For details about e color characterization data is stored in root window
properties, see the section on Device Color Characterization inténeClient 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. AddingFunction Sets
To add a function set, usécmsAddFunctionSet

Status XcmsAddFunctionSdtiction_se}
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 Consortiyrehthed be treated

as prvate to the client because format values for unregistered color spaces are assigned at run
time. Ifreferences 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 (s€éemsFormatOfPrefix and XcmsPrefixOfFormat).

Additional function sets should be added befonecafls to other Xlib routines are made. If not,
the XcmsPerScrninfo member of a previously creaté@msCCC does not hae the opportunity
to initialize with the added function set.

6.12.9. Ceating 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-dependemtsColorSpacestruc-

tures and a means to read and store a sere®ar characterization data. This data is stored in

an XcmsFunctionSetstructure. Ahandle to this structure (that is, by means of global variable)

is usually made accessible to the client program for useXeithsAddFunctionSet
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If a function set uses nedevice-dependenKcmsColorSpacestructures, thewill 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; e function set can reference only one of
them. TheseXcmsColorSpacestructures will differ in the functions to cest to and from CIE
XYZ, thus tailored for the specific function set.

typedef struct _XcmsFunctionSet {
XcmsColorSpace *DDColorSpaces;
XcmsScreenlnitProc screenlnitProc;
XcmsScreenFreeProc screenFreeProc;
} X cmsFunctionSet;

The DDColorSpaces member is a pointer to a NULL terminated list of point¥is1ieCol-
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 (*XcmsScreeninitProdjgplay, screen_numbescreen_infg
Display *display;
int screen_number
XcmsPerScrninfo écreen_info

display Specifies the connection to the X server.

screen_numbeBpecifies 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, typicdllygroperties on the screesroot
window. It then initializes the specifiedcmsPerScrninfo structure. Ifsuccessful, 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).

. It next sets the screenWhitePoint member.

. It next sets the functionSet member to the address oKttrasFunctionSetstructure.

. It then sets the state membedomsinitSuccessand finally returnsKcmsSuccess

If unsuccessful, the procedure sets the state memb@msinitFailure and returnsXcmskFail-
ure.

The XcmsPerScrninfo structure contains:
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typedef struct _XcmsPerScrninfo {
XcmsColor screenWhitePoint;
XPointer functionSet;
XPointer screenData;
unsigned char state;
char pad[3];

} X cmsPerScrninfo;

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. Thestate member is set to one of the following:

. XcmslnitNone indicates initialization has not been previously attempted.
. XcmsinitFailure indicates initialization has been previously attempted but failed.
. XcmslInitSuccessindicates initialization has been previously attempted and succeeded.

The screen free callback must adhere to the following software interface specification:

typedef void (*XcmsScreenFreeProsg(eenData
XPointerscreenData

screenData  Specifies the data to be freed.

This function is called to free the screenData stored dMamsPerScrninfo structure.
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Chapter 7

Graphics Context Functions

A number of resources are used when performing graphics operations in X. Most information
about performing graphics (for example, foreground ¢kckground colarine style, and so

on) is stored in resources called graphics contexts (GCs). Most graphics operations (see chapter
8) tale a GC as anrgument. Althoughn 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 eelijemte
called dravables. Eachdravable exists on a single screeA.GC is aeated for a specific screen
and dravable depth and can only be used withvelilales of matching screen and depth.

This chapter discussesviato:
. Manipulate graphics context/state
. Use graphics context ceenience functions

7.1. Manipulating Graphics Context/State

Most attributes of graphics operations are stored in 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. Extensiorte X may add additional components to GCs. The contents 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 G@sxample, a call toKSet-
Foreground of a GC followed by a call t&XSetLineAttributes results in only a single-change

GC protocol request to the serv&Cs 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 =t an attribute of a GC, set the appropriate member of@@Values structure and OR in
the corresponding value bitmask in your subsequent cal€teateGC. The symbols for the
value mask bits and th€GCValues 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 foiground,
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 subwindev_mode;
Bool graphics_sposures;
int clip_x_origin;

int clip_y_origin;

Pixmap clip_mask;

int dash_dbet;

char dashes;

} X GCValues;

libX11 1.3.2

(1L<<0)
(1L<<1)
(1L<<2)
(1L<<3)
(1L<<4)
(1L<<5)
(1L<<6)
(1L<<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, JoinBeel */
* 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 */
Iboolean, should exposures be generated */
[* origin for clipping */

* bitmap clipping; other calls for rects */
[* patterned/dashed line information */
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The default GC values are:

Component Default
function GXcopy
plane_mask Albnes
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 Pixmapof unspecified size filled with foreground pixel

(that is, client specified pixel if gndse 0)
(subsequent changes to foreground do not affect this pixmap)

stipple Pixmapf unspecified size filled with ones
ts_x_origin 0

ts_y origin 0

font <implementatiomlependent>

subwindow_mode  ClipByChildren
graphics_exposures True

clip_x_origin 0

clip_y_origin 0

clip_mask None

dash_odfset 0

dashes qthat is, the list [4, 4])

Note that foreground and background are not setyoanes likely to be useful in a windo

The function attributes of a GC are used when you update a section wfahldréihe destina-
tion) with bits from somewhere else (the source). The function in a GC definghdnaev des-
tination bits are to be computed from the source bits and the old destinatio®Xiaspy is typ-
ically the most useful because it will work on a color disgbay special applications may use
other functions, particularly in concert with particular planes of a color displag 16 GC func-
tions, defined in X11/X.h>, are:

Function Name Value Operation
GXclear 0x0 0

GXand Ox1 src AND dst
GXandReverse 0x2 src AND NO dst
GXcopy 0x3 src
GXandInverted 0x4 (NOT src) AND dst
GXnoop 0x5 dst

GXxor 0x6 src XOR dst

GXor Ox7 src OR dst

GXnor 0x8 (NOT src) AND (NOT dst)
GXequiv 0x9 (NOT src) XOR dst
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Function Name Value Operation

GXinvert Oxa NOT dst

GXorReverse Oxb src OR (NQ dst)
GXcopylnverted 0Oxc NOT src

GXorln verted Oxd (NOT src) OR dst
GXnand Oxe (NOT src) OR (NO 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 obrithe As

planes are added to the display hardware, Wik occupy more significant bits in the plane

mask.

In graphics operations,\gn a urce and destination pixel, the result is computed bitwise on cor-
responding bits of the p&ks. Thais, a Boolean operation is performed in each bit plane. The
plane_mask restricts the operation to a subset of plaesacro constanAllPlanes can be used

to refer to all planes of the screen simultaneoushe result is computed by the following:

((src FUNC dst) AND plane-mask) OR (dst AND (N@lane-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 tAglied.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 vely 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-depen-
dent algorithm. There are only évzonstraints 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,y1+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.

2. Theeffective st 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] alays 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 requirédline-width of zero may differ from a line-

width of one in which pixels are dva. Thispermits the use of mgmmanufacturers’ line draw-

ing hardware, which may run matimes faster than the more precisely specified wide lines.
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In general, drawing a thin line will be faster than drawing a wide line of width one. udowe
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 theee dashes are filled differ-
ently from the odd dashes (see fill-style) withpButt style used where
even and odd dashes meet.

LineOnOffDash Only the @en dashes are drawn, and cap-style applies to all internal ends
of the individual dashes, excepapNotLast is treated aLapBultt.

The cap-style defines Wwahe endpoints of a path are drawn:

CapNotLast This is equialent to 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 egalent to CapButt 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 egent to Cap-
Butt for line-width of zero).

The join-style defines lmocorners are drawn for wide lines:

JoinMiter The outer edges of wlines extend to meet at an angle. Hoevgif the
angle is less than 11 degrees, theloiaBeve 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.

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.
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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 readldrom the @erall path. Howeer, 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. Whethat plane is superimposed on thewhiale for use in a graphics operation,
the upper-left corner of some instance of the tile/stipple is at the coordinates withinitbalera
specified by the tile/stipple origin. The tile/stipple and clip origins are interpretedediatne
origin of whateer destination dravable is specified in a graphics request. The tile pixmap must
have the same root and depth as the GC, BadMatch error results. The stipple pixmap must
have depth one and must & the same root as the GC, oBadMatch error results.For stipple
operations where the fill-style ElIStippled but not FillOpaqueStippled, 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 otharsizanpixmap can be used for tiling or
stippling.

The fill-style defines the contents of the source for line, text, and fill requestdl text and fill
requests (for exampl&DrawText, XDrawText16, XFillRectangle, XFillPolygon, and XFil-
IArc); for line requests with line-styleineSolid (for example XDrawLine , XDrawSegments
XDrawRectangle, XDrawArc ); and for the een 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 eerywhere stipple has a zero and with foregrowehe
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 forwen dashes
FillOpaqueStippled Same as forven dashes
FillStippled Background masked by stipple

Storing a pixmap in a GC might or might not result in aydsging 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 dras much as possible with the same GC (without
changing its components). The costs of changing GC componentger@atsing different GCs
depend on 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 equalent to specifying the two-element list [N, N] in
XSetDashes The value must be nonzero, oBadValue error results.

The clip-mask restricts writes to the destinatiomadide. If the clip-mask is set to a pixmap, it
must hae depth one and va the same root as the GC, oBadMatch error results. If clip-
mask is set tdNone, the pixels are alays drawn rgardless of the clip origin. The clip-mask also
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can be set by calling theSetClipRectanglesor XSetRegionfunctions. Onlypixels where the
clip-mask has a bit set to 1 arewra Pixels are not drawn outside the areseced 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 interpretedvestathe origin of what-

eve destination dravable is specified in a graphics request.

You can set the subwindow-mode @ipByChildren or Includelnferiors . For ClipByChil-

dren, both source and destination windows are additionally clipped by alblsle InputOut-

put children. For Includelnferiors , neither source nor destination wivdds dipped by inferi-

ors. Thiswill result in including subwindwe contents in the source and drawing through subwin-
dow boundaries of the destination. The usdrafludelnferiors on a windav of one depth with
mapped inferiors of differing depth is not di, but the semantics are undefined by the core pro-
tocol.

The fill-rule defines what pixels are inside (drawn) for pathengn XFillPolygon requests and

can be set tevenOddRule or WindingRule. For EvenOddRule, a int is inside if an infinite

ray with the point as origin crosses the path an odd number of thoe$VindingRule, a point

is inside if an infinite ray with the point as origin crosses an unequal number of clockwise and
counterclockwise directed pathgeeents. Aclockwise directed path segment is one that crosses

the ray from left to right as observed from the poitcounterclockwise 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 both EvenOddRule and WindingRule, a point is infinitely small, and the path is an infinite-

ly 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 boundahe pixel is inside if and only if the polygon
interior is immediately to its right (x increasing direction). Pixels with centers on a horizontal
edge are a special case and are inside if and only if the polygon interior is immediatelfybelo
increasing direction).

The arc-mode controls filling in théFillArcs function and can be set farcPieSlice or Arc-

Chord. For ArcPieSlice, the arcs are pie-slice filledzor ArcChord , the arcs are chord filled.

The graphics-exposure flag contr@saphicsExposeevent generation foXCopyArea and
XCopyPlanerequests (and grsimilar requests defined by extensions).

To aeate a ne@ GC that is usable on aygn screen with a depth of drable, useXCreateGC.

GC XCreateGCdisplay, d, valuemaskvalueg
Display *display;
Drawabled;
unsigned longaluemask
XGCValues *alues

display Specifies the connection to the X server.

d Specifies the dwable.

valuemask  Specifies which components in the GC are to be set using the information in the
specified values structure. This argument is the bitwise inel @R of zero or
more of the valid GC component mask bits.

values Specifies apvalues as specified by the valuemask.

The XCreateGC function creates a graphics context and returns a GC. The GC can be used with
ary destination dravable having the same root and depth as the specifiadioles Usewith
other dravables results in 8adMatch error.
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XCreateGC can generat®adAlloc, BadDrawable, BadFont, BadMatch, BadPixmap, and
BadValue errors.

To copy components from a source GC to a destination GCX@xmpyGC.

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 inclusi 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. Thesource and destination GCs mustdtne same root and depth, oBadMatch error
results. Thevauemask specifies which component toygas for XCreateGC.

XCopyGC can generatBadAlloc, BadGC, and BadMatch errors.
To change the components in &g GC, useXChangeGC.

XChangeGCdisplay, gc, valuemaskvalueg
Display *display;
GCgc;
unsigned longaluemask
XGCValues walues

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 inel@R of zero or
more of the valid GC component mask bits.

values Specifies apvalues 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-maskverrides ay previousXSetClipRectanglesrequest on

the cont&t. Changinghe dash-offset or dash-list@rides al previousXSetDashegequest on

the cont&t. Theorder in which components are verified and altered is server dependent. If an

error is generated, a subset of the components nvaylhan altered.

XChangeGC can generatBadAlloc, BadFont, BadGC, BadMatch, BadPixmap, and Bad-
Value errors.

To dbtain components of awgin GC, useXGetGCValues.
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Status XGetGC#¥lues flisplay, gc, valuemaskvalues_returi
Display *display;
GCgc;
unsigned longaluemask
XGCValues ¥alues_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 ar
gument. Thisargument is the bitwise inclug OR of zero or more of thealid
GC component mask bits.

values_return Returns the GC values in the speciff)¢@CValues structure.

The XGetGCValues function returns the components specified by valuemask for the specified
GC. Ifthe valuemask contains a valid set of GC mask KitSKunction, GCPlaneMask,
GCForeground, GCBackground, GCLineWidth , GCLineStyle, GCCapStyle, GCJoin-

Style, GCFillStyle, GCFillRule , GCTile, GCStipple, GCTileStipXOrigin , GCTileStipYO-

rigin , GCFont, GCSubwindowMode, GCGraphicsExposures GCClipXOrigin , GCCLipY-
Origin , GCDashOffset or GCArcMode) and no error occurs{GetGCValues sets the
requested components in values_return and returns a nonzero status. Otherwise, it returns a zero
status. Notehat the clip-mask and dash-list (represented by3@€lipMask and GCDashList
bits, respectiely, in the valuemask) cannot be requested. Also note thavaidinesource 1D

(with one or more of the three most significant bits set to 1) will be returné&dbont,

GCTile, and GCStipple if the component has wer been explicitly set by the client.

To free a gren GC, useXFreeGC.

XFreeGC fisplay, 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 dbtain theGContext resource ID for a gen GC, useXGContextFromGC.

GContext XGContetFromGC gc)
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, hawi may be necessary for the client to explic-

itly force sending the changes to the sernvem example might be when a protocol extension uses
the GC indirectlyin such a way that the extension interface cannowkmwbat GC will be used.

To force sending GC component changes, XiSkishGC.
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void XFlushGC @isplay; gc)

Display *display;

GCgc;
display Specifies the connection to the X server.
gc Specifies the GC.

7.2. UsingGraphics Context Corvenience Routines

This section discusseswao st 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

. Arc mode, subwinde mode, and graphics exposure components

7.2.1. Settinghe Foreground, Background, Function, or Plane Mask

To =t the foreground, background, plane mask, and function components\en &Gi, use
XSetState

XSetStatedisplay, gc, foregound, background function, plane_mask

Display *display;

GCgc;

unsigned londoregound, background

int function;

unsigned longlane_mask
display Specifies the connection to the X server.
gc Specifies the GC.
foregound 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®adAlloc, BadGC, and BadValue errors.

To st the foreground of agn GC, useXSetForeground.
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XSetForground @isplay, gc, foregound)

Display *display;

GCgc;

unsigned londoregound;
display Specifies the connection to the X server.
gc Specifies the GC.

foregound Specifies the foreground you want to set for the specified GC.
XSetForeground can generat®adAlloc andBadGC errors.
To =t the background of awgh GC, useXSetBackground.

XSetBackgrounddisplay, gc, background

Display *display;

GCgc;

unsigned longdpackground
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 =t the display function in axgn GC, useXSetFunction.

XSetFunctiongdisplay, gc, function)

Display *display;

GCgc;

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 generat8adAlloc, BadGC, and BadValue errors.
To =t the plane mask of avgh GC, useXSetPlaneMask

XSetPlaneMasldisplay, gc, plane_mask

Display *display;

GCgc;

unsigned longlane_mask
display Specifies the connection to the X server.
gc Specifies the GC.

plane_mask Specifies the plane mask.

XSetPlaneMaskcan generat®adAlloc andBadGC errors.
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7.2.2. Settingthe Line Attributes and Dashes
To =t the line drawing components of aaji GC, useXSetLineAttributes .

XSetLineAttritutes display, 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 @@ can pass
LineSolid, LineOnOffDash, or LineDoubleDash.
cap_style Specifies the line-style and cap-style you want to set for the specified@cC.
can pas<apNotLast, CapButt, CapRound, or CapProjecting.
join_style Specifies the line join-style you want to set for the specified @iL. can pass

JoinMiter , JoinRound, or JoinBevel .

XSetLineAttributes can generatBadAlloc, BadGC, and BadValue errors.

To =t the dash-offset and dash-list for dashed line styles ofa GC, useXSetDashes

XSetDashedlisplay, gc, dash_offsetdash_list n)
Display *display;

GCgc;

int dash_offset
chardash_lisf];

intn;
display
gc
dash_offset

dash_list

n

Specifies the connection to the X server.
Specifies the GC.

Specifies the phase of the pattern for the dashed line-style you want to set for the
specified GC.

Specifies the dash-list for the dashed line-style yaotwo set for the specified
GC.

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. Thenitial 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 equvalent to specifying the same list concatenated with itself to produceeadength list.

The dash-offset defines the phase of the pattern, specifyingiagy pixels into the dash-list the
pattern should actually begin inyasingle 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, ddkahly

length is measured along the slope of the line, but implementations are only required to match
this ideal for horizontal and vertical lineBaling 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 al other lines, the major axis is the y axis.

XSetDashescan generat®adAlloc, BadGC, and BadValue errors.

7.2.3. Settingthe Fill Style and Fill Rule
To =t the fill-style of a gien GC, useXSetFillStyle.

XSetFillStyle @isplay; 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 GGu can passFill-
Solid, FillTiled , FillStippled, or FillOpaqueStippled.

XSetFillStyle can generat®adAlloc, BadGC, and BadValue errors.
To st the fill-rule of a gien GC, useXSetFillRule.

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 ant to set for the specified GQou can passEven-
OddRule or WindingRule.

XSetFillRule can generatBadAlloc, BadGC, and BadValue errors.

7.2.4. Settingthe Fill Tile and Stipple

Some displays & hardware support for tiling or stippling with patterns of specific sidég

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 dbtain the best size of a tile, stipple, or cursee XQueryBestSize
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Status XQueryBestSizdisplay, class which_screenwidth, height width_return height_returr)
Display *display;
int class
Drawable which_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 interestedYu can passTileShape Cursor-
Shape or StippleShape

which_screen Specifies aydrawable 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 displayanardw

The XQueryBestSizefunction returns the best or closest size to the specified BeCursor-

Shape this is the largest size that can be fully displayed on the screen specified by which_screen.
For TileShape this is the size that can be tileastest. Br StippleShape this is the size that

can be stippledsstest. Br CursorShape, the dravable indicates the desired scredfor Tile-
Shapeand StippleShape the dravable indicates the screen and possibly the windass and

depth. AninputOnly window cannot be used as the a&ble for TileShapeor StippleShape

or aBadMatch error results.

XQueryBestSizecan generat8adDrawable, BadMatch, and BadValue errors.
To dbtain the best fill tile shape, u¥&ueryBestTile.

Status XQueryBestlE (display, which_screepwidth, height width_return height_returr)
Display *display;
Drawable which_screen
unsigned intvidth, height
unsigned int tvidth_return *height_return

display Specifies the connection to the X server.
which_screen Specifies aydrawable 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 displayanardw

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. Thedleindicates the screen and possibly
the windav class and depth. If amputOnly window is used as the dveable, aBadMatch

error results.

XQueryBestTile can generat®adDrawable and BadMatch errors.

To dbtain the best stipple shape, u§@ueryBestStipple.
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Status XQueryBestStippldisplay, which_screepwidth, height width_return height_returr)
Display *display;
Drawable which_screen
unsigned intvidth, height
unsigned int tvidth_return *height_return

display Specifies the connection to the X server.
which_screen Specifies aydrawable 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 displayanardw

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. Tieldeandicates the screen and pos-
sibly the windev class and depth. If amputOnly window is used as the dveable, aBad-

Match error results.

XQueryBestStipple can generatBadDrawable and BadMatch errors.
To st the fill tile of a gien GC, useXSetTile.

XSetTile (display; gc, tile)
Display *display;
GCgc;
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 kia the same depth, orBadMatch error results.
XSetTile can generat®adAlloc, BadGC, BadMatch, and BadPixmap errors.

To st the stipple of a gen GC, useXSetStipple.

XSetStipple fisplay, 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 he a &pth of one, or 8adMatch error results.
XSetStipple can generatBadAlloc, BadGC, BadMatch, and BadPixmap errors.

To <t the tile or stipple origin of aw@n GC, useXSetTSOrigin.
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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 pasenifjin will be interpreted relate
to whateer destination dravable is specified in the graphics request.

XSetTSOrigin can generatBadAlloc and BadGC errors.

7.2.5. Settingthe Current Font
To st the current font of agn GC, useXSetFont.

XSetFont (display, gc, font)

Display *display;

GCgc;

Font font;
display Specifies the connection to the X server.
gc Specifies the GC.
font Specifies the font.

XSetFont can generat8adAlloc, BadFont, and BadGC errors.

7.2.6. Settingthe 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.

To =t the clip-origin of a gien GC, useXSetClipOrigin .

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 reiai the origin of whateer destination dravable is spec-
ified in the graphics request.

XSetClipOrigin can generat8adAlloc andBadGC errors.

To =t the clip-mask of a gen GC to he specified pixmap, us€SetClipMask.
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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 tdlone, the pixels are atays drawn (rgardless of the clip-origin).
XSetClipMask can generat®adAlloc, BadGC, BadMatch, and BadPixmap errors.

To =t the clip-mask of a gen GC to he specified list of rectangles, us8etClipRectangles

XSetClipRectanglesiisplay, 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 rectanghésu can passUnsorted,
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. Theclip-origin is interpreted relaté o the origin of whateer destination dravable is spec-

ified in a graphics request. The rectangle coordinates are interpretectmeldte clip-origin.

The rectangles should be nonintersecting, or the graphics results will be undefined. Note that the
list of rectangles can be empivhich effectvely 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. Thisnay provide faster operation by the serdéilan 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 ogigorted 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, foreery possible Y
scanline, all rectangles that include that scanlive laaidentical Y origins and Y extents.

XSetClipRectanglescan generat®adAlloc, BadGC, BadMatch, and BadValue errors.

Xlib provides a set of basic functions for performing region arithmé&ac.information about
these functions, see section 16.5.
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7.2.7. Settingthe Arc Mode, Subwindav Mode, and Graphics Exposure
To st the arc mode of aygin GC, useXSetArcMode.

XSetArcMode @lisplay, gc, arc_mode

Display *display;

GCgc;

int arc_mode
display Specifies the connection to the X server.
gc Specifies the GC.

arc_mode Specifies the arc modé&ou can passArcChord or ArcPieSlice.
XSetArcMode can generat®adAlloc, BadGC, and BadValue errors.
To =t the subwinde mode of a gren GC, useXSetSubwindowMode

XSetSubwindwMode (display, gc, subwindow_mode
Display *display;
GCgc;
int subwindow_mode
display Specifies the connection to the X server.
gc Specifies the GC.

subwindow_mode
Specifies the subwindomode. You can pas€lipByChildren or Includelnfe-
riors .

XSetSubwindowModecan generat8adAlloc, BadGC, and BadValue errors.
To =t the graphics-exposures flag of @egiGC, useXSetGraphicsExposures

XSetGraphicsExposurediéplay, 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 yant GraphicsExposeand

NoExpose events to be reported when callingCopyArea and XCopyPlane
with this GC.

XSetGraphicsExposurescan generat8adAlloc, BadGC, and BadValue errors.
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Chapter 8

Graphics Functions

Once you hee established a connection to a disphkgu can use the Xlib graphics functions to:
. Clear and cop areas

. Draw points, lines, rectangles, and arcs

. Fill areas

. Manipulate fonts

. Draw text

. Transfer images between clients and the server

If the same dmaable and GC is used for each call, Xlib batches back-to-back ca{lBitaw-
Point, XDrawLine , XDrawRectangle, XFillArc , and XFillRectangle. Note that this reduces
the total number of requests sent to the server.

8.1. ClearingAreas

Xlib provides functions that you can use to clear an area or the entirewiBggause pixmaps
do not hae defined backgrounds, theannot be filled by using the functions described in this
section. Insteadp accomplish an analogous operation on a pixmap, you shoukiFilfeect-
angle, which sets the pixmap to a known value.

To dear a rectangular area of a@i window, use XClearArea.

XClearAreaf(lisplay, w, X, y, width, height, exposure3
Display *display;
Windoww;
intx,y;
unsigned intvidth, height
Bool exposures

display Specifies the connection to the X server.

w Specifies the winde.

X

y Specify the x and y coordinates, which are reéatd the origin of the winde
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 wiradgzording to the
specified dimensions with the wind@a\ackground pixel or pixmap. The subwindow-mode
effectively is ClipByChildren . If width is zero, it is replaced with the current width of the win-
dow minus x. If height is zero, it is replaced with the current height of the wimdous y If

the windav has a defined background tile, the rectangle clipped pylahren is filled with this
tile. If the windav has backgroundlone, the contents of the windoare not changed. In either
case, if exposures B ue, 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 awvihdse
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class islnputOnly , a BadMatch error results.
XClearArea can generatBadMatch, BadValue, and BadWindow errors.

To dear the entire area in avgh window, use XClearWindow .

XClearWindav (display, w)
Display *display;
Windoww;

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

The XClearWindow function clears the entire area in the specified windud is equalent to
XClearArea (display w, 0, 0, 0, Q False). If the windav has a defined background tile, the rec-
tangle is tiled with a plane-mask of all ones &»icopy function. Ifthe windav has back-
groundNone, the contents of the wingloare not changed. If you specify a widavhose class

is InputOnly , a BadMatch error results.

XClearWindow can generat8adMatch and BadWindow errors.

8.2. CopyingAreas
Xlib provides functions that you can use togemp aea or a bit plane.

To copy an aea between dveables of the same root and depth, ¥€&opyArea.

XCopyArea (display, src, dest gc, src_x, src_y, width, height, dest_x dest_y
Display *display;
Drawable src, 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.

SIc_x

src_y Specify the x and y coordinates, which are re¢at the origin of the source rec-
tangle 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 redat 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. Thadravables must hee the same root and depth, oBadMatch error results.

If regions of the source rectangle are obscured avel tmé been retained in backing store or if
regions outside the boundaries of the sourcevabig are specified, those regions are not copied.
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Instead, the following occurs on all corresponding destination regions that are either visible or are
retained in backing store. If the destination is a wimdgth a background other thasione, cor-
responding regions of the destination are tiled with that background (with plane-mask of all ones
and GXcopy function). Rgardless of tiling or whether the destination is a windy a gxmap,

if graphics-exposures i& ue, then GraphicsExposeevents for all corresponding destination

regions are generated. If graphics-exposurds g but no GraphicsExposeevents are gener-

ated, aNoExposeevent is generated. Note that by default graphics-exposuiBsisin 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, and BadMatch errors.
To ocopy a sngle bit plane of a gen drawable, useXCopyPlane.

XCopyPlane fisplay, src, dest gc, src_x, src_y, width, height, dest_x dest_y plane)
Display *display;
Drawable src, dest
GCgc;
int src_x, src_y,
unsigned intvidth, height
int dest_x dest_y
unsigned longplane;

display Specifies the connection to the X server.

src

dest Specify the source and destination rectangles to be combined.

gc Specifies the GC.

SIc_x

src_y Specify the x and y coordinates, which are re¢at the origin of the source rec-
tangle 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 redat the origin of the destination
rectangle and specify its upper-left corner.

plane Specifies the bit planeYou 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. Theloles must hee the

same root but need notJeathe same depth. If the drvables do not hee the same root, Bad-
Match error results. If plane does notMeaexactly 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 sourcgien. Ituses the foreground/background pixels in the GC (fore-
ground &erywhere the bit plane in src contains a bit set to 1, backgroangivhere the bit

plane in src contains a bit set to 0) and thevatpnt of aCopyArea 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-stylEid®paqueStippled for filling a
rectangular area of the destination.
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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 generat8adDrawable, BadGC, BadMatch, and BadValue errors.

8.3. DrawingPaints, 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

. 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;
} X Segment;

typedef struct {
short x, y;
} X Point;

typedef struct {

short x, y;

unsigned short width, height;
} X Rectangle;

typedef struct {

short x, y;

unsigned short width, height;

short anglel, angle2; /* Degrees * 64 */
} X Arc;

All x and y members are signed igérs. Thewidth 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. DrawingSingle and Multiple Points

To draw a dngle point in a gien drawable, useXDrawPoint .
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XDrawPoint(display, d, gc, X, y)
Display *display;
Drawable d;
GCagc;
intx,y;
display Specifies the connection to the X server.
d Specifies the dwable.
gc Specifies the GC.

X
y Specify the x and y coordinates where you want the point drawn.

To draw multiple points in a gien drawable, useXDrawPoints.

XDrawPoints @isplay, 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 dwable.
gc Specifies the GC.
points Specifies an array of points.
npoints Specifies the number of points in the array.
mode Specifies the coordinate mod&ou can passCoordModeOrigin or Coord-
ModePrevious.

The XDrawPoint function uses the foreground pixel and function components of the GC to draw
a gngle point into the specified drable; XDrawPoints draws multiple points this wayCoord-
ModeOrigin treats all coordinates as relatio the origin, andCoordModePrevious treats all
coordinates after the first as relatio the previous pointXDrawPoints 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 generat®adDrawable, BadGC, and BadMatch errors. XDrawPoints can
generateBadDrawable, BadGC, BadMatch, and BadValue errors.

8.3.2. DrawingSingle and Multiple Lines

To draw a dngle line between tapoints in a gien drawable, useXDrawLine .
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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 dwable.
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 gien drawable, useXDrawLines.

XDrawLines (display, 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 dwable.
gc Specifies the GC.
points Specifies an array of points.
npoints Specifies the number of points in the array.
mode Specifies the coordinate mod&ou can passCoordModeOrigin or Coord-
ModePrevious.

To draw multiple, unconnected lines in avgn drawable, useXDrawSegments
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XDrawSegments (lisplay, d, gc, segmentsnsegments
Display *display;
Drawabled;
GCgc;
XSegment segments
int nsegments

display Specifies the connection to the X server.

d Specifies the dwable.

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 te dilme between the
specified set of points (x1, y1) and (x2, y2). It does not perform joining at coincident endpoints.
For any gven line, XDrawLine does not dna 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 dpaints-1 lines
between each pair of points (point[i], point[i+1]) in the arra)k&oint structures. Itdraws the
lines in the order listed in the arrayhe lines join correctly at all intermediate points, and if the
first and last points coincide, the first and last lines also join corrédtyary given line,
XDrawLines does not dna a pxel 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 entrdyLine protocol request were a single, filled shape.
CoordModeOrigin treats all coordinates as relatio the origin, andCoordModePrevious

treats all coordinates after the first as reéato the previous point.

The XDrawSegmentsfunction draws multiple, unconnected lindsor 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 gven line, XDrawSegmentsdoes not dna 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. KigZrawlLines
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.

XDrawlLine , XDrawLines, and XDrawSegmentscan generatBadDrawable, BadGC, and
BadMatch errors. XDrawLines also can generat®@adValue errors.

8.3.3. DrawingSingle and Multiple Rectangles

To draw the outline of a single rectangle in &ai drawable, useXDrawRectangle.
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XDrawRectangledisplay, d, gc, x, y, width, heighi)

Display *display;
Drawabled;
GCgc;
intx,y;
unsigned intvidth, height
display Specifies the connection to the X server.
d Specifies the dwable.
gc Specifies the GC.
X
y 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 avgn drawable, useXDrawRectangles

XDrawRectanglesdisplay, d, gc, rectangles nrectangle$
Display *display;
Drawabled;
GCgc;
XRectanglerectangle$];
int nrectangles

display Specifies the connection to the X server.
d Specifies the dwable.
gc Specifies the GC.

rectangles Specifies an array of rectangles.
nrectangles  Specifies the number of rectangles in the array.

The XDrawRectangle and XDrawRectanglesfunctions drav the outlines of the specified rec-
tangle or rectangles as if a five-polPlyLine protocol request were specified for each rectangle:

[%,y] [x+width,y] [x+width,y+height] [x,y+height] [x,y]

For the specified rectangle or rectangles, these functions do moaigrgel more than once.
XDrawRectanglesdraws the rectangles in the order listed in the arfayectangles 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. yféso use

these GC mode-dependent components: foreground, background, tile, stipple, tile-stipple-x-ori-
gin, tile-stipple-y-origin, dash-offset, and dash-list.

XDrawRectangle and XDrawRectanglescan generat8adDrawable, BadGC, and Bad-
Match errors.

8.3.4. DrawingSingle and Multiple Arcs

To draw a dngle arc in a gien drawable, useXDrawArc .
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XDrawArc (display, d, gc, x, y, 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 dwable.

gc Specifies the GC.

X

y Specify the x and y coordinates, which are reéaid the origin of the dnaable
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 relatio the three-o’clock position from the center
in units of degrees * 64.

angle2 Specifies the path and extent of the arc nedaib the start of the arc, in units of

degrees * 64.

To draw multiple arcs in a gien drawable, useXDrawArcs .

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 dwable.
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 anditgles. Thecenter of the circle or

ellipse is the center of the rectangle, and the major and minor axes are specified by the width and
height. Positie angles indicate counterclockwise motion, andaige angles indicate clockwise
motion. Ifthe magnitude of angle2 is greater than 360 degkd@sawArc or XDrawArcs

truncates it to 360 degrees.

For an ac specified as k, y, width, height, anglel, angle?], the origin of the major and minor

. idth heigh . . - o
axes is atf + le Y+ e|2g ﬁ and the infinitely thin path describing the entire circle or
heigh heigh
ellipse intersects the horizontal axis &ty + €9 ﬁ and [x +width, y + elzg ﬁ and intersects

width width

the vertical axis at{+ , Yland [x + — y +heighf. Thesecoordinates can be frac-

2
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tional and so are not truncated to discrete coordinates. The path should be defined by the ideal
mathematical pathFor a wide line with line-width W, the bounding outlines for filling arevgn

by the tw 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 fracticalaky. Thecap-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 ac specified as k, 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 7 :
% +
heightrs” 2alust

skewed-angle= atangan(normal—angle)

The slewed-angle and normal-angle are expressed in radiansn(raltTher than in degrees scaled by 64)
in the range [0, 2] and where atan returns a value in the raﬁgg [ E] and adjust is:

0 for normal-angle in the range [g,]

. T3
m for normal-angle in the range-|, 7]
2 for normal-angle in the rangeég, 27]

For any gven arc, XDrawArc and XDrawArcs do not drav a pxel more than once. If tavarcs

join correctly and if the line-width is greater than zero and the arcs intexéaretwArc and
XDrawArcs do not drav 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 amleqgucounterclockwise extent,
except as it affects joins.

If the last point in one arc coincides with the first point in the following arc, thertvg will join
correctly If the first point in the first arc coincides with the last point in the last arc, thads/
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. yTélso use

these GC mode-dependent components: foreground, background, tile, stipple, tile-stipple-x-ori-
gin, tile-stipple-y-origin, dash-offset, and dash-list.

XDrawArc and XDrawArcs can generatBadDrawable, BadGC, and BadMatch errors.

8.4. Filling Areas

Xlib provides functions that you can use to fill:
. 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 ag drawable, useXFillRectangle.
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XFillRectangle flisplay, 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 dwable.
gc Specifies the GC.
X
y Specify the x and y coordinates, which are reéaid the origin of the dnaable
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 avgn drawable, useXFillRectangles.

XFillRectanglesdisplay, d, gc, rectangles nrectangle$
Display *display;
Drawabled;
GCgc;
XRectangle tectangles
int nrectangles

display Specifies the connection to the X server.
d Specifies the dwable.
gc Specifies the GC.

rectangles Specifies an array of rectangles.
nrectangles  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]

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 arriggr ary given rectangle,
XFillRectangle and XFillRectangles do not drav a pxel 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. Tlyealso use these GC mode-dependent components:
foreground, background, tile, stipple, tile-stipple-x-origin, and tile-stipple-y-origin.

XFillRectangle and XFillRectangles can generat®adDrawable, BadGC, and BadMatch
errors.
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8.4.2. Fillinga Sngle Polygon
To fill a polygon area in a gén drawable, useXFillPolygon.

XFillPolygon (display, d, gc, points, npoints shape mode
Display *display;
Drawabled;
GCgc;
XPoint *points,
int npoints
int shape
int mode

display Specifies the connection to the X server.

d Specifies the dwable.

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 to wepprformance. Wu can pass
Complex, Convex, or Noncorvex.

mode Specifies the coordinate mod&ou can passCoordModeOrigin or Coord-
ModePrevious.

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 dna a pxel of

the region more than onc&€oordModeOrigin treats all coordinates as relatito the origin, and
CoordModePrevious treats all coordinates after the first as reéat 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, speciyoryex can improe
performance. lfou specifyConvex for a path that is not ceax, the graphics results are
undefined.

. If shape isNoncorvex, the path does not self-intersect, but the shape is not whollexon
If known by the client, specifyinloncorvex instead ofComplex may imprawe perfor-
mance. lfyou specifyNoncorvex for 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 generatBadDrawable, BadGC, BadMatch, and BadValue errors.

8.4.3. Filling Single and Multiple Arcs
To fill a single arc in a gen drawable, useXFillArc .
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XFillArc ( display, d, gc, X, Yy, 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 dwable.

gc Specifies the GC.

X

y Specify the x and y coordinates, which are reéatd the origin of the dnaable
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 relatio the three-o’clock position from the center
in units of degrees * 64.

angle2 Specifies the path and extent of the arc nedaib the start of the arc, in units of

degrees * 64.

To fill multiple arcs in a gien drawable, useXFillArcs .

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 dwable.
gc Specifies the GC.
arcs Specifies an array of arcs.
narcs Specifies the number of arcs in the array.

For each arc XFillArc 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, oodre s8g-
ments. Br ArcChord , the single line segment joining the endpoints of the arc is U=ad.
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 atrdr ary given arc, XFillArc and
XFillArcs do not drav a gxel 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. Thdso use these GC mode-dependent com-
ponents: foreground, background, tile, stipple, tile-stipple-x-origin, and tile-stipple-y-origin.

XFillArc and XFillArcs can generat8adDrawable, BadGC, and BadMatch errors.
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8.5. Font Metrics

A font is a graphical description of a set of characters that are used to increase\efficemc
eve a et of small, similar sized patterns are repeatedly used.

This section discusseswido:

. Load and free fonts

. Obtain and free font names

. Compute character string sizes
. Compute logical extents

. Query character string sizes

The X server loads fonts whesme a program requests awdont. Theserver can cache fonts for
quick lookup. Fonts are global across all screens in a serSeveaal levels are possible when
dealing with fonts. Most applications simply uskoadQueryFont to load a font and query the
font metrics.

Characters in fonts aregaded as masks. Except for image text requests, the only pixels modi-
fied are those in which bits are set to 1 in the charattes means that it makes sense to draw
text using stipples or tiles (for example, mamenus gray-out unusable entries).

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)X@harStruct structures for the characters

contained in the font. ThEFontStruct, XFontProp, and XCharStruct structures contain:

typedef struct {

short Ibearing;

short rbearing;

short width;

short ascent;

short descent;

unsigned short attrilies;
} X CharStruct;

typedef struct {
Atom name;
unsigned long card32;
} X FontProp;

typedef struct {
unsigned char byte1,
unsigned char byte2;
} X Char2b;

typedef struct {
XExtData *et_data;
Font fid;
unsigned direction;
unsigned min_char_or_byte2;
unsigned max_char_or_byte2;
unsigned min_byte1;
unsigned max_byte1,;
Bool all_chars_xsst;
unsigned defult_char;
int n_properties;

[* origin to left edge of raster */

/* origin to right edge of raster */
[* advance to next chaurigin */

/* baseline to top edge of raster */

* baseline to bottom edge of raster */
[*per char flags (not predefined) */

/* normal 16 bit characters ar® toytes */

/*hook for extension to hang data */
/* Font id for this font */
/* hint about the direction font is painted */
[* first character */
I* last character */
[* first vothat exists */
* lastwathat exists */
* flag if all characters v& ronzero size */
[*char to print for undefined character */
[* hey mary properties there are */
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XFontProp *properties; /* pointer to array of additional properties */

XCharStruct min_bounds; /* minimum boundgepall existing char */

XCharStruct max_bounds; /* maximum boundsrall existing char */

XCharStruct *per_char; [* first_char to last_char information */

int ascent; /* logical extent ake baseline for spacing */

int descent; /* logical descent beldoaseline for spacing */
} X FontStruct;

X supports single byte/charactéwo bytes/character matrix, and 16-bit character text operations.
Note that ap 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 firsivrof a 2byte font). You should viev 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 Yentseénsow
defined, and the byte2 range specified in the structure defines a range of characters.

The bounding box of a character is defined byXtiarStruct of that characterWhen charac-
ters are absent from a font, the default_char is used. When fertglhzharacters 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 eitlf@ntLeftToRight or FontRightToLeft . Itis just a
hint as to whether mostCharStruct elements hae a psitive (FontLeftToRight ) or a
negaive (FontRightTolLeft ) 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 indecorresponding to the first element of the per_char paray
max_char_or_byte2 specifies the linear charactexiotithe 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 charactevahaes 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 characteesnde
inclusive havethe same information, asvgh by both min_bounds and max_bounds.

. If all_chars_exist isTr ue, dl characters in the per_char arraywd@aonzero 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-signifi-
cant byte and byte?2 in the least significant byte. If the default_char itself specifies an unde-
fined or nonexistent characteo 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 wer al elements of this array (and ignore nonexistent
characters). Theounding 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.lbearing, y — max_bounds.ascent]
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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 forelhe baseline that is used for deter-
mining line spacing. Specific characters may extend beyond this.

. The descent member is the logical extent of the font at owliblbaseline that is used for
determining line spacing. Specific characters may extend beyond this.

. If the baseline is at Y-coordinatetlye logical extent of the font is inclusi between the
Y-coordinate values (y — font.ascent) and (y + font.descent Fypjcally, the minimum
interline spacing between rows of text igegi by ascent + descent.

For a character origin at [x,y], the bounding box of a character (that is, the smallest rectangle that
encloses the characteshape) described in terms BCharStruct 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 Ibearing 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 belw 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 charact®vhen Ibearing is zero, no pixels with X-coordinate less than x are
dravn. Any of the XCharStruct metric members could be getive. If the width is ngdive, the

next character will be placed to the left of the current origin.

The X protocol does not define the interpretation of the attributes member{tzeStruct
structure. Anonexistent character is represented with all members ¥OksarStruct set to
zero.

A font is not guaranteed toeany poperties. Thenterpretation of the property value (for
example, long or unsigned long) must be datifrom a priori knowledge of the propertyA
basic set of font properties is specified in the X Consortium staXdasdical Font Description
Conventions

8.5.1. Loadingand 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.
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To load a gien font, useXLoadFont.

Font XLoadFont (display, namée
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 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 maftren the characters “And “¥' ' are used in a

font name, a pattern match is performed andnastching font is used. In the pattern, the “?”
character will match ansingle characterand the “** character will match annumber of char-
acters. Astructured format for font names is specified in the X Consortium stakdargical

Font Description Conventiondf XLoadFont was uinsuccessful at loading the specified font, a
BadNameerror results.Fonts are not associated with a particular screen and can be stored as a
component of anGC. Whenthe font is no longer needed, cxlUnloadFont.

XLoadFont can generatBadAlloc and BadNameerrors.
To return information about arvalable font, useXQueryFont.

XFontStruct *XQuerylBnt (display, 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 théFontStruct structure, which contains infor-
mation associated with the fonYou 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 exisKkQuery-
Font returns NULL. To free this data, us¥FreeFontinfo.

To perform aXLoadFont and XQueryFont in a single operation, usé_oadQueryFont.

XFontStruct *XLoadQueryént (display, 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 f¥hbad-
QueryFont both opens (loads) the specified font and returns a pointer to the appropriate
XFontStruct structure. Ifthe font name is not in the Host Portable Character Encoding, the
result is implementation-dependent. If the font does not exisiadQueryFont returns NULL.

XLoadQueryFont can generate BadAlloc error.

To unload the font and free the storage used by the font structure that was allocated by
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XQueryFont or XLoadQueryFont, use XFreeFont.

XFreefont(display, 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&FontStruct structure. Thdont 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 gien font propertyuse XGetFontProperty .

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 propertthe XGetFontProperty function returns the value of the speci-
fied font property. XGetFontProperty also returnd=alse if 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>. Thisset 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 By oadFont, use XUnloadFont.

XUnloadFont (display, font)

Display *display;

Font font;
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.

8.5.2. Obtainingand Freeing Font Names and Information
You abtain font names and information by matching a wildcard specification when querying a
font type for a list of gailable sizes and so on.

To return a list of theailable font names, uskListFonts.
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char **XListFonts display, pattern, maxnamesactual_count_returh
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 ofalable font names (as controlled by the font

search path; se¥SetFontPath) that match the string you passed to the pattgyunaent. The

pattern string can containyaoharacters, but each asterisk (*) is a wildcard fgrrammber of

characters, and each question mark (?) is a wildcard for a single chalatterpattern string is

not in the Host Portable Character Encoding, the result is implementation-dependent. Use of
uppercase or lowercase does not matsarch 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 name4,istFonts returns NULL. The client should callFree-
FontNameswhen finished with the result to free the memory.

To free a font name arrayse XFreeFontNames

XFreefontNameslfst)
char Hist[];

list Specifies the array of strings you want to free.

The XFreeFontNamesfunction frees the array and strings returnehystFonts or XList-
FontsWithinfo .

To obtain the names and information abowdilable fonts, useXListFontsWithinfo .

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.
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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 contharao:

ters, but each asterisk (*) is a wildcard foy aamber of characters, and each question mark (?)

is a wildcard for a single charactdf 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 Por-
table 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 Karmses,
FontsWithinfo returns NULL.

To free only the allocated name arrthye client should calKFreeFontNames To free both the
name array and the font information array or to free just the font information taeajient
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 XFreeFontInfo 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; us&XUnloadFont to close the font.

8.5.3. ComputingCharacter 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, ¥3extWidth .

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, XiSextWidth16 .
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int XTextWidth16 (font_struct string, count)

XFontStruct font_struct

XChar2b *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. ComputingLogical Extents
To compute the bounding box of an 8-bit character string inendont, useXTextExtents.

XTextExtents font_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 bwverall_return;

font_struct Specifies thexFontStruct structure.

string Specifies the character string.

nchars Specifies the number of characters in the character string.
direction_returmReturns the value of the direction hiofitLeftToRight or FontRightToLeft ).

font_ascent_return
Returns the font ascent.

font_descent_return
Returns the font descent.

owerall_return Returns the werall size in the specifiedCharStruct structure.

To compute the bounding box of a 2-byte character string imen font, useXTextExtents16.
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XTextExtents16{ont_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 bwverall_return;

font_struct Specifies thexFontStruct structure.

string Specifies the character string.

nchars Specifies the number of characters in the character string.
direction_returmReturns the value of the direction hifofitLeftToRight or FontRightToLeft ).

font_ascent_return
Returns the font ascent.

font_descent_return
Returns the font descent.

owverall_return Returns thewerall size in the specifiedCharStruct structure.

The XTextExtents and XTextExtents16 functions perform the size computation locally and,
thereby avoid the round-trip werhead ofXQueryTextExtents 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 s&mgach 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 plud@f R be the right-side-bearing met-

ric of the character plus Wrhe Ibearing member is set to the minimum L of all characters in the
string. Therbearing member is set to the maximum R.

For fonts defined with linear indexing rather than 2-byte matrix indexing, ¥@ttar2b struc-
ture is interpreted as a 16-bit number with bytel as the most significant byte. If the font has no
defined default charactamdefined characters in the string are taken e ldhzero metrics.

8.5.5. QueryingCharacter String Sizes

To query the server for the bounding box of an 8-bit character string i@ fgnt, useXQuery-
TextExtents.
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XQueryTextExtents flisplay, 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 bwverall_return;

display Specifies the connection to the X server.

font_ID Specifies either the font ID or tii&Context ID that contains the font.
string Specifies the character string.

nchars Specifies the number of characters in the character string.

direction_returmReturns the value of the direction hifoftLeftToRight or FontRightToLeft ).

font_ascent_return
Returns the font ascent.

font_descent_return
Returns the font descent.

owverall_return Returns thewerall size in the specifiedCharStruct structure.

To query the server for the bounding box of a 2-byte character string verafgnt, use
XQueryTextExtents16.

XQueryTextExtents16display 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 bwverall_return;

display Specifies the connection to the X server.

font_ID Specifies either the font ID or ti&Context ID that contains the font.
string Specifies the character string.

nchars Specifies the number of characters in the character string.

direction_returmReturns the value of the direction hifoftLeftToRight or FontRightToLeft ).

font_ascent_return
Returns the font ascent.

font_descent_return
Returns the font descent.

owerall_return Returns the werall size in the specifiedCharStruct 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 rouncethipad that is
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avaded by XTextExtents and XTextExtents16. Both functions return ZCharStruct 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 s&Fmgach 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 plud@f R be the right-side-bearing met-

ric of the character plus Wrhe Ibearing member is set to the minimum L of all characters in the
string. Therbearing member is set to the maximum R.

For fonts defined with linear indexing rather than 2-byte matrix indexing, ¥@ttar2b struc-
ture is interpreted as a 16-bit number with bytel as the most significant byte. If the font has no
defined default charactamdefined characters in the string are taken e ldhzero metrics.

Characters with all zero metrics are ignored. If the font has no defined defayltheharde-
fined characters in the string are also ignored.

XQueryTextExtents and XQueryTextExtents16 can generatBadFont and BadGC errors.

8.6. Drawing Text

This section discusseswado draw:

. Complex text

. Text characters

. 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 dohthange */
} X Textitem;
typedef struct {

XChar2b *chars; [* pointer to two-byte characters */

int nchars; /* number of characters */

int delta; /* delta between strings */

Font font; /* font to print it in, None domh'’change */
} X Textitem16;

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 meyden dravn. 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 drawKbsawlmageString. 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 the XFontStruct structure. Ifyou 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 descentyas igithe XFontStruct structure.
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8.6.1. DrawingComplex Text

To draw 8-bit characters in a gén drawable, useXDrawText .

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 dwable.
gc Specifies the GC.
X
y Specify the x and y coordinates, which are re¢at the origin of the specified
dravable 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\gn drawable, useXDrawText16.

XDrawText16 (display, d, gc, X, y, items nitemg

Display *display;
Drawabled;
GCgc;
intx,y;
XTextltem16 %tems
int nitems
display Specifies the connection to the X server.
d Specifies the dwable.
gc Specifies the GC.
X
y Specify the x and y coordinates, which are re¢at the origin of the specified
dravable 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. Bothfunctions allev complex spacing and font shifts between counted strings.

Each text item is processed in turfont member other thaNone in an item causes the font to

be stored in the GC and used for subsequ&ht fetext element delta specifies an additional
change in the position along the x axis before the stringwendrahedelta is alvays added to

the character origin and is not dependent gncharacteristics 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. Theadrawable is modified only where the font character has a bit set to 1. If a text item gen-
erates 8BadFont error, the previous text items mayvebeen drawn.
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For fonts defined with linear indexing rather than 2-byte matrix indexing, ¥@ttar2b 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. Thdso 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, and Bad-
Match errors.

8.6.2. DrawingText Characters
To draw 8-bit characters in a gén drawable, useXDrawString .

XDrawsString (display, 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 dwable.
gc Specifies the GC.
X
y Specify the x and y coordinates, which are re¢ato the origin of the specified
dravable 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\gn drawable, useXDrawString16.

XDrawString16 @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 dwable.
gc Specifies the GC.
X
y Specify the x and y coordinates, which are re¢at the origin of the specified
dravable 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 dveable. Thedrawable is modified only where the font character has a bit set to
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1. For fonts defined with 2-byte matrix indexing and used WibbrawString16, 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. Thdso 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. Drawinglmage 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. Thestprannoying flicker on
mary displays.

To draw 8-bit image text characters in asgn drawable, useXDrawlmageString .

XDrawlmageStringdlisplay, 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 dwable.
gc Specifies the GC.
X
y Specify the x and y coordinates, which are re¢at the origin of the specified
dravable 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 e drawable, useXDrawlmageString16.
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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 dwable.
gc Specifies the GC.
X
y Specify the x and y coordinates, which are re¢ato the origin of the specified
dravable 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 foregroundedix Theupper-left corner of the filled rectangle is at:

[X, y — font-ascent]
The width is:
overall-width
The height is:
font-ascent + font-descent

The overall-width, font-ascent, and font-descent are as would be returnE@bgryTextEx-
tents using gc and string. The function and fill-style defined in the GC are ignored for these
functions. Theeffective function isGXcopy, and the effectie fill-style is FillSolid .

For fonts defined with 2-byte matrix indexing and used WibrawlmageString, 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 Sefer

Xlib provides functions that you can use to transfer images between a client and the server.
Because the server may requireetie data formats, Xlib provides an image object that fully
describes the data in memory and that provides for basic operations on th&bdadaould ref-
erence the data through the image object rather than referencing the data dileetye, 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,
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and adding a constant to an image (see section 16.8).

All the image manipulation functions discussed in this sectiorerask of theXimage structure,
which describes an image as it exists in the ckan&€mory.

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 orddrSBFirst, 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_piel; [* 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 _Xlmage *(*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 Xlnitimagei(mage)
XImage 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 type of image specified by the rest of the structure.

This function must be called foraimage constructed by the client before passing it ya#rer
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 inconsisteit the structure, in which case the image is not changed.
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To combine an image with a rectangle of aveliale on the displayuse XPutimage.

XPutimage {isplay, d, gc, image, src_x src_y, dest_x dest_y width, heighi)
Display *display;
Drawabled;
GCgc;
XImage *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 dwable.

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 b)Ithage
structure.

src_y Specifies the offset in Y from the top edge of the image defined bylthage
structure.

dest_x

dest_y Specify the x and y coordinates, which are reéaid the origin of the dnaable
and are the coordinates of the subimage.

width

height Specify the width and heigbf the subimage, which define the dimensions of the

rectangle.

The XPutlmage function combines an image with a rectangle of the specifieebdla The

section of the image defined by the src_x, sraigth, and height arguments is drawn on the
specified part of the dnable. If XYBitmap 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 zeredbidYPixmap and
ZPixmap, the depth of the image must match the depth of theathta, or aBadMatch 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 wasions.

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\egidrawable on the displayuse XGetimage. This
function specifically supports rudimentary screen dumps.
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XImage *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 dwable.

X

y Specify the x and y coordinates, which are reéaid the origin of the dnaable
and define the upper-left corner of the rectangle.

width

height Specify the width and heigbf the subimage, which define the dimensions of the
rectangle.

plane_mask Specifies the plane mask.

format Specifies the format for the imag¥ou can pass<YPixmap or ZPixmap.

The XGetlmage function returns a pointer to &image structure. Thistructure provides you
with the contents of the specified rectangle of thevdoée in the format you specifyif the for-

mat argument iXYPixmap, the image contains only the bit planes you passed to the
plane_mask gument. Ifthe 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 gument. Thdunction 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 ofithage structure. The
depth of the image is as specified when thevdoke was created, except when getting a subset of
the planes irKYPixmap format, when the depth isvgh by the number of bits set to 1 in
plane_mask.

If the dravable is a pixmap, the gén rectangle must be wholly contained within the pixmap, or a
BadMatch error results. If the dwaable is a windwy, the windav must be vievable, and it must

be the case that if there were no inferiorswva@rlapping 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 a BadMatch error results. Note that the borders of the wima@an be included and

read with this request. If the winddas backing-store, the backing-store contents are returned
for regions of the windwe that are obscured by noninferior winveg If the windav 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 wadepth 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, and BadValue errors.

To ocopy the contents of a rectangle on the display to a location within a preexisting image struc-
ture, usexGetSublmage.
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XImage *XGetSublmagedisplay, d, X, y, width, height, plane_maskformat, dest_image, dest_x
dest
Display *display;
Drawabled;
intx,y;
unsigned intvidth, height
unsigned longlane_mask
int format;
XIimage *dest_image;
int dest_x dest_y

display Specifies the connection to the X server.

d Specifies the dwable.

X

y Specify the x and y coordinates, which are reéaid the origin of the dnaable
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 imag¥ou can pass<YPixmap or ZPixmap.

dest_imae Specifies the destination image.

dest_x

dest_y Specify the x and y coordinates, which are redat the origin of the destination

rectangle, specify its uppéeft 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_masfuament. Ifthe format argument iBPixmap, XGetSublmage
returns as zero the bits in all planes not specified in the plane_rgaskest. Thdunction per-
forms no range checking on the values in plane_mask and ignores extraneous bits. As a con-
venience,XGetSublmagereturns a pointer to the sarfémage structure specified by

dest_image.

The depth of the destinatioimage structure must be the same as that of thevabie. If the
specified subimage does not fit at the specified location on the destination image, the right and
bottom edges are clipped. If the @able is a pixmap, the gen rectangle must be wholly con-
tained within the pixmap, or BadMatch error results. If the dwable is a winda, the window

must be vieable, and it must be the case that if there were no inferiongedapping windows,

the specified rectangle of the windavould be fully visible on the screen and wholly contained
within the outside edges of the winvdaor a BadMatch error results. If the winde has back-
ing-store, then the backing-store contents are returned for regions of thewtladl@are obscured

by noninferior windavs. If the windav does not hee 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 windewkpth are also undefined. If a problem occXGet-
Sublmagereturns NULL.

XGetSublmage can generatBadDrawable, BadGC, BadMatch, and BadValue errors.
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Chapter 9

Window and Session Manager Functions

Although it is difficult to categorize functions as excheli for an application, a windw man-

ager or a £ssion managgthe functions in this chapter are most often used by windanagers

and session managers. It is not expected that these functions will be used by most application
programs. Xlibprovides management functions to:

. Change the parent of a window

. Control the lifetime of a window

. Manage installed colormaps

. Set and retriee the font search path
. Grab the server

. Kill a client

. Control the screen ser

. Control host access

9.1. Changingthe Parent of a Window

To change a windovg parent to another winadoon the same screen, u¥&eparentWindow.
There is no way to me a wndow between screens.

XReparentWindw (display, w, parent, X, y)
Display *display;
Windoww;
Window parent;
intx,y;

display Specifies the connection to the X server.
w Specifies the winde.
parent Specifies the parent winao

X
y Specify the x and y coordinates of the position in tive perent windav.

If the specified winde is mapped, XReparentWindow automatically performs abnmapWin-
dow request on it, rems it from its current position in the hieragcland inserts it as the child

of the specified parent. The wineldas placed in the stacking order on top with respect to sibling
windows.

After reparenting the specified windoXReparentWindow causes the X server to generate a
ReparentNotify event. Theoverride_redirect member returned in thiset is set to the win-
dow’s aorresponding attrilte. WWindow manager clients usually should ignore this windbt his
member is set tdrue. Finally, if the specified winde was originally mapped, the X server
automatically performs MapWindow request on it.

The X server performs normal exposure processing on formerly obscuredwsin@ibeX server
might not generat&xposeevents for regions from the initidUnmapWindow request that are
immediately obscured by the finslapWindow request. ABadMatch error results if:
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. The nev parent windav is not on the same screen as the old parent windo
. The nev parent windav is the specified winde or an nferior of the specified winda
. The nev parent isinputOnly , and the windwv is not.

. The specified winde has aParentRelative background, and the weparent windav is not
the same depth as the specified wimdo

XReparentWindow can generat8adMatch and BadWindow errors.

9.2. Controlling the Lifetime of a Window

The sae-set of a client is a list of other clients’ windows that, ifythee inferiors of one of the
client’s windows at connection close, should not be destroyed and should be remapped & the
unmapped. & further information about close-connection processing, see sectioha?afow

an applicatiors window to survive when a windw manager that has reparented a wimdails,

Xlib provides the sze-set functions that you can use to control the longevity of subwindows that
are normally destroyed when the parent is dgstio For example, a winde manager that wants

to add decoration to a winddby adding a frame might reparent an applicationindowv. When

the frame is destroyed, the applicatonindow should not be destroyed but be returned to its
previous place in the wingohierarcly.

The X server automatically remes windows from the sge-set when thgare destroyed.
To add or remwe a wndow from the client saveset, useXChangeSaeSet.

XChangeSeeSet @display, w, change_modg
Display *display;
Windoww;
int change_mode
display Specifies the connection to the X server.
w Specifies the winde that you want to add to or delete from the clestveset.

change_mode Specifies the modeYou can passSetModelnsertor SetModeDelete

Depending on the specified mod&ChangeSaeSet either inserts or deletes the specified win-
dow from the client saveset. Thespecified winde must hae been created by some other
client, or aBadMatch error results.

XChangeSaeSet can generatBadMatch, BadValue, and BadWindow errors.
To add a windev to the clients saveset, useXAddToSaveSet.

XAddToSaveSet display, w)
Display *display;
Windoww;

display Specifies the connection to the X server.
w Specifies the winde that you want to add to the clientaveset.

The XAddToSaveSet function adds the specified winaldo the clients saveset. Thespecified
window must hae been created by some other client, @adMatch error results.
XAddToSaveSet can generatB8adMatch and BadWindow errors.

To remove a window from the cliens saaveset, useXRemoveFromSaveSet.
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XRemoveFromSaeSet display, w)
Display *display;
Windoww;

display Specifies the connection to the X server.
w Specifies the winde that you want to delete from the cliengaveset.

The XRemoveFromSaveSet function remees the specified winde from the client saveset.
The specified winde must hae keen created by some other client, @aMatch error results.

XRemoveFromSaveSet can generat8adMatch and BadWindow errors.

9.3. Managinglinstalled Colormaps

The X server maintains a list of installed colormapéndows 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 arny 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 follvs. Whena mlormap is specified t&InstallColormap , it is added to the head of

the list; the list is truncated at the tail, if necessarieep its length to at most M. When a col-
ormap is specified tXUninstallColormap and it is in the required list, it is rewe 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 .

XlInstallColormap ¢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 cofans associated the
windows with this colormap when you created them by cak@geateWindow, XCreateSim-
pleWindow, XChangeWindowAttributes, or XSetWindowColormap.

If the specified colormap is not already an installed colormap, the X server genetates a
ormapNotify event on each windw that has that colormap. In addition, fawery other col-
ormap that is installed as a result of a calKtnstallColormap , the X server generatesGol-
ormapNotify event on each windw that has that colormap.

XlInstallColormap can generate BadColor error.

To wninstall a colormap, usgUninstallColormap .
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XUninstallColormapdisplay, colormap

Display *display;

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

The XUninstallColormap function remaes the specified colormap from the required list for its
screen. As result, 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@dsrenapNotify event

on each winde that has that colormap. In addition, fmes/ other colormap that is installed or
uninstalled as a result of a callXdJninstallColormap, the X server generatesGolormapNo-
tify event on each windwe that has that colormap.

XUninstallColormap can generate BadColor error.

To dbtain a list of the currently installed colormaps foraegiscreen, useXListinstalledCol-
ormaps.

Colormap *XListInstalledColormapsi(splay, w, num_returr)
Display *display;
Windoww;
int *num_return

display Specifies the connection to the X server.

w Specifies the winde 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 windo 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 BadWindow error.

9.4. Settingand Retrieving the Font Search Path
The set of fonts\ailable from a server depends on a font search path. Xlib provides functions to
set and retriee the search path for a server.

To =t the font search path, u¥&etFontPath.
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XSetFontRth display, 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 seryeot one per client. The encoding and interpretation of the strings are
implementation-dependent, but typicallyytspecify 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. Hovee 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, u@8etFontPath.

char **XGetFontRth (display, 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.

XFreeFont@th (ist)
char **ist;

list Specifies the array of strings you want to free.

The XFreeFontPath function frees the data allocated ¥etFontPath.

9.5. Grahbing the Sewer

Xlib provides functions that you can use to grab and ungrab the.s&h&se functions can be
used to control processing of output on other connections by thewvaydtem serverWhile
the server is grabbed, no processing of requests or close downsathearconnection will
occur A client closing its connection automatically ungrabs the seA#hough grabbing the
server is highly discouraged, it is sometimes necessary.
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To grab the servewuse XGrabServer .
XGrabSerer (display)
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 requestaad on. You should not grab the X servelyanore than is
absolutely necessary.

To ungrab the serveuse XUngrabServer .
XUngrabSerer (display)
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 @oid 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
destrgyed. To destrgy a dient, useXKillClient .

XKillClient ( display, resource
Display *display;
XID resource

display Specifies the connection to the X server.
resource Specifies ayresource associated with the client that you want to destréll-
Temporary .

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 &#tainPermanentor Retain-
Temporary mode, all of the clien$’ resources are desyed. If AllTemporary is specified, the
resources of all clients thatyeterminated inRetainTemporary are destroyed (see section 2.5).
This permits implementation of windomanager facilities that aid detyging. Aclient can set

its close-down mode tRetainTemporary. If the client then crashes, its windows would not be
destroyed. Theprogrammer can then inspect the applicaiamhdow tree and use the window
manager to destydhe zombie windows.

XKillClient can generate BadValue error.

9.7. Controlling the Screen Saer
Xlib provides functions that you can use to set or reset the mode of the sweeto $arce or
activate the screen sar, or to obtain the current screenveavalues.

To st the screen sar mode, useXSetScreenSwaer .
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XSetScreenSer (display, 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 screesr 8ans on.
interval Specifies the interval, in seconds, between screen aterations.

prefer_blankingspecifies he to enable screen blankingYou can passDontPreferBlanking,
PreferBlanking, or DefaultBlanking .

allow_exposureSpecifies the screenv&mntrol values. Yu can pas®ontAllowExposures,
AllowExposures, or DefaultExposures

Timeout and interval are specified in seconisimeout of O disables the screeweagbut an

activated screen s@r is not deactrated), and a timeout of —1 restores theadétf Othemegaive

values generate BadValue error If the timeout value is nonzer¥SetScreenSaer enables the
screen szr. 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 s&r is enabled, the screens 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 wimdackground

tile randomly re-origined each interval seconds. Otherwise, the screens’ state do not change, and
the screen sar is not actvated. Thescreen seer is deactvated, and all screen states are restored

at the next kyboard or pointer input or at the next callXorceScreenSaer with mode
ScreenS&erReset

If the server-dependent screemesanethod supports periodic change, the interval argument

serves as a hint aboutvadong 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 periodicatljiling the screen with the

root windav background tile, randomly re-origined periodically.

XSetScreenSwer can generate BadValue error.

To force the screenw& on or df, use XForceScreenSaer .

XForceScreenSar (display, mode

Display *display;
int mode
display Specifies the connection to the X server.
mode Specifies the mode that is to be applié&thu can passScreenSaerActi ve or
ScreenSaerReset

If the specified mode iScreenSaerActi ve and the screenga currently is deactiated,
XForceScreenSger activates the screenga even if the screen s&r had been disabled with a
timeout of zero. If the specified modeSsreenSaerResetand the screen & currently is
enabled XForceScreenSaer deactvates the screen s if it was actrated, and the actétion
timer is reset to its initial state (as if device input had beenveehei
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XForceScreenSaer can generate BadValue error.
To activate the screen ser, use XActi vateScreenSuer .

XActivateScreenSeer (display)
Display *display;

display Specifies the connection to the X server.

To reset the screenva, use XResetScreenSeer .

XResetScreenSar (display)
Display *display;

display Specifies the connection to the X server.

To get the current screenv@a values, useXGetScreenSaer .

XGetScreenSeer (display 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 screeer sarns on.
interval_return Returns the interval between screevesamvocations.

prefer_blanking_return
Returns the current screen blanking preferend@on{PreferBlanking,
PreferBlanking, or DefaultBlanking).

allow_exposures_return
Returns the current screerveaontrol value DontAllowExposures, AllowEx-
posures or DefaultExposures).

9.8. Controlling Host Access

This section discusseswdo:

. Add, get, or remee losts from the access control list
. Change, enable, or disable access

X does not provide anprotection on a per-windwobasis. Ifyou find out the resource ID of a
resource, you can manipulate fio provide some minimal iel of protection, howeer, 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 sersehdstle/el
access control as the only common mechanism.

The initial set of hosts allowed to open connections typically consists of:
. The host the winde system is running on.
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. On POSIX-conformant systems, each host listed in/éte/X?.hostsfile. The? indicates
the number of the displayrhis 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 connBeiibange the access

list, the client must reside on the same host as the server and/or veulstdragranted 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 Protocdl.

9.8.1. Adding,Getting, or Removing Hosts

Xlib provides functions that you can use to add, get, or verhosts from the access control list.
All the host access control functions use ¥tdostAddress structure, which contains:

typedef struct {

int family; [* for example Familylnternet */

int length; * length of address, in bytes */

char *address; [* pointer to where to find the address */
} X HostAddress;

The family member specifies which protocol address family to use (for example, TCP/IP or DEC-
net) and can b&amilyinternet , Familylnternet6 , FamilyServerinterpreted , FamilyDEC-

net, or FamilyChaos. The length member specifies the length of the address in bytes. The
address member specifies a pointer to the address.

For TCP/IR the address should be in network byte arder IP version 4 addresses, the family
should be Familyinternet and the length should be 4 bygeslP version 6 addresses, the family
should be Familylnternet6 and the length should be 16 bytes.

For the DECnet familythe server performs no automatic swapping on the address ByRksmse

IV address is 2 bytes long. The first byte contains the least significant 8 bits of the node number.
The second byte contains the most significant 2 bits of the node number in the least significant 2
bits of the byte and the area in the most significant 6 bits of the byte.

For the Serverinterpreted famijlthe length is ignored and the address member is a pointer to a
XServerinterpretedAddress structure, which contains:

typedef struct {
int typelength; /* length of type string, in bytes */
int valuelength;/* length of value string, in bytes */
char *type; [* pointer to where to find the type string */
char »alue; [*pointer to where to find the address */

} X ServerInterpretedAddress;

The type and value members point to strings representing the type and value of the server inter-
preted entry These strings may not be NULL-terminated so care should be used when accessing
them. Theaypelength and valuelength members specify the length in byte of the type and value
strings.

To add a single host, us¢AddHost.
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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 diJlay
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, uk&ddHosts.

XAddHosts display, 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 dishkay
server must be on the same host as the client issuing the commamhdiaesserror results.

XAddHosts can generatBadAccessand BadValue errors.
To obtain a host list, usEListHosts.

XHostAddress *XListHostsdisplay, nhosts_returpstate_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 disabkdstHosts allows a program to find out what
machines can makmonnections. Ialso 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 byX&atieg

To remove a éngle host, useRemoveHost.
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XRemorveHost (display, host)

Display *display;

XHostAddress host
display Specifies the connection to the X server.
host Specifies the host that is to be resech

The XRemoveHost function remees the specified host from the access control list for that dis-
play. The server must be on the same host as the client proced8adAacesserror results. If
you remae your machine from the access list, you can no longer connect to that aedvris
operation cannot beversed unless you reset the server.

XRemoveHost can generatBadAccessand BadValue errors.
To remove multiple hosts at one time, udRemoveHosts.

XRemoveHosts @isplay, hosts num_hosts

Display *display;

XHostAddress hosts

int num_hosts
display Specifies the connection to the X server.
hosts Specifies each host that is to be reado

num_hosts  Specifies the number of hosts.

The XRemoveHosts function remwees each specified host from the access control list for that
display The X server must be on the same host as the client proced8adAacesserror
results. Ifyou remae your machine from the access list, you can no longer connect to that
server and this operation cannot beveesed unless you reset the server.

XRemoveHosts can generatBadAccessand BadValue errors.

9.8.2. ChangingEnabling, or Disabling Access Control
Xlib provides functions that you can use to enable, disable, or change access control.
For these functions toxecute successfullythe client application must reside on the same host as

the X server and/or ka been gven permission in the initial authorization at connection setup.

To change access control, usSetAccessControl

XSetAccessControtiisplay, mode

Display *display;
int mode
display Specifies the connection to the X server.
mode Specifies the modeYou can pas€EnableAccessor DisableAccess

The XSetAccessControlfunction either enables or disables the use of the access control list at
each connection setup.
XSetAccessControlcan generat®adAccessand BadValue errors.

To enable access control, u¥&nableAccessControl
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XEnableAccessControti{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 dsable access control, u¥®isableAccessControl
XDisableAccessControtiisplay)
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. Aclient application sends requests to the X serverthis con-
nection. Theseequests are made by the Xlib functions that are called in the client application.
Many Xlib functions cause the X server to generants, and the usertyping or moving the
pointer can generateents asynchronouslyThe X server returnssents to the client on the same
connection.

This chapter discusses the following topics associated wattie
. Event types

. Event structures

. Event masks

. Event processing

Functions for handlingvents are dealt with in the next chapter.

10.1. Eent 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-relegatsg@ropagate from the

source winda to ancestor windows until some client application has selectedvéatt type or

until the event is explicitly discarded. The X server generally sends/ent¢o a client applica-

tion only if the client has specifically asked to be informed of taitaype, typically by setting

the event-mask attribute of the windo The mask can also be set when you create a windo

by changing the window’event-mask. Yu can also mask outents that would propagate to
ancestor windows by manipulating the do-not-propagate mask of the windtibutes. Haov-

eve, MappingNotify events are aliays sent to all clients.

An event type describes a specifieent generated by the X servedfor each eent type, a corre-
sponding constant name is defined Xi1&/X.h>, which is used when referring to areet type.
The following table lists thevent category and its associate@ type or types. The processing
associated with theseents is discussed in section 10.5.

Event Category Event Type

Keyboard eents KeyPress KeyRelease

Pointer @ents ButtonPress, ButtonRelease MotionNotify

Window crossing gents EnterNotify , LeaveNotify

Input focus gents FocuslIn, FocusOut

Keymap state notificatiorvent KeymapNotify

Exposure eents Expose GraphicsExpose NoExpose

Structure controlwents CirculateRequest, ConfigureRequest MapRequest,

ResizeRequest
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Event Category Event Type

Window state notification eents CirculateNotify , ConfigureNotify, CreateNotify,
DestroyNotify, GravityNotify , MapNotify , Map-
pingNotify , ReparentNotify, UnmapNotify,

VisibilityNotify
Colormap state notificatiorvent ColormapNotify
Client communicationwents ClientMessage PropertyNotify , SelectionClear,

SelectionNotify, SelectionRequest

10.2. Ewent Structures

For each eent type, a corresponding structure is declareddh}Xlib.h>. All the event struc-
tures hae the following common members:

typedef struct {
int type;
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */
Window window;

} X AnyEvent;

The type member is set to theest type constant name that uniquely identified=itr example,

when the X server reports@raphicsExposeevent to a client application, it sends X&Graph-
icsExposeEventstructure with the type member setGoaphicsExpose The display member is

set to a pointer to the display theeet was read on. The sendert member is set tdr ue if the

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 windav member is set to the windathat is most useful to toolkit dispatchers.

The X server can sendents at ag time in the input stream. Xlib storesyagvents recered
while waiting for a reply in anvent queue for later use. Xlib also provides functions that allow
you to checkeents in the gent queue (see section 11.3).

In addition to the individual structures declared for eaghteype, theXEvent structure is a
union of the individual structures declared for eagmetype. Depending on the type, you
should access members of eaeéné by using theXEvent union.
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typedef union _XEvent {
int type; /* must not be changed */
XAnyEvent xany;
XKeyEvent xley,
XButtonEvent xbutton;
XMotionEvent xmotion;
XCraossingEvent xcrossing;
XFocusChangeEvent xfocus;
XExposeEvent expose;
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 xkymap;
long pad[24];

} X Event;

An XEvent structures first entry alvays is the type membgawhich is set to thevent type. The
second membenabys is the serial number of the protocol request that generategetiie €he
third member abvays is send \ent, which is aBool that indicates if thewvent was sent by a dif-
ferent client. The fourth membemadys is a displaywhich is the display that thevent was read
from. Excepffor keymap &ents, the fifth memberahys is a windw, which has been carefully
selected to be useful to toolkit dispatcheFs.avoid breaking toolkits, the order of these first five
entries is not to change. Mosteats also contain a time membpwhich is the time at which an
event occurred. In addition, a pointer to the genevienemust be cast before it is used to access
ary other information in the structure.

10.3. Eent Masks

Clients selectwent reporting of mostwents relatve o a window. To do his, pass anvent mask
to an Xlib eent-handling function that takes aweat_mask agument. Theits of the gent
mask are defined inx1.1/X.h>. Eachbit in the @ent mask maps to arvent mask name, which
describes thevent or events you want the X server to return to a client application.
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Unless the client has specifically asked for them, masitg 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, SelectionRequestSelectionNotify, or ClientMessagecannot

be maskd. Selection-relategvents are only sent to clients cooperating with selections (see sec-

tion 4.5). When thedyboard or pointer mapping is chang&tippingNotify is aways sent to

clients.

The following table lists thevent mask constants you can pass to tleate mask argument and
the circumstances in which you would want to specify eatamask:

Event Mask Circumstances

NoEventMask No events wanted

KeyPressMask Keyboard down eents wanted
KeyReleaseMask Keyboard up eents wanted
ButtonPressMask Pointer button downwents wanted
ButtonReleaseMask Pointer button upwents wanted
EnterWindowMask Pointer windev entry events wanted
LeaveWindowMask Pointer windav leare erents wanted
PointerMotionMask Pointer motion eents wanted
PointerMotionHintMask 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 anbutton down
KeymapStateMask Keyboard state wanted at winsl@ntry and focus in
ExposureMask Any exposure wanted
VisibilityChangeMask Any change in visibility wanted
StructureNotifyMask Any change in winde 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 agtte with owner_eents set

to True

10.4. Ewent Processing Overview

The eent reported to a client application duringeet processing depends on whialerg masks
you provide as thevent-mask attribute for a windo For some eent masks, there is a one-to-
one correspondence between thenemask constant and theeat type constantFor example,
if you pass thewent maskButtonPressMask, the X server sends back orButtonPress events.
Most erents contain a time membeavhich is the time at which arvent occurred.

In other cases, oneent mask constant can map toaal event type constantsFor example, if
you pass thevent maskSubstructureNotifyMask, the X server can send baCkrculateNo-
tify , ConfigureNotify, CreateNotify, DestroyNotify, GravityNotify , MapNotify , Reparent-
Notify , or UnmapNotify events.
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In another case, mvevent masks can map to oneeat type. For example, if you pass either
PointerMotionMask or ButtonMotionMask , the X server sends backvotionNotify event.

The following table lists thevent mask, its associatestent type or types, and the structure name
associated with thevent type. Some of these structures actually are typedefs to a generic struc-
ture that is shared betweenotevent types. Note that N.A. appears in columns for which the
information is not applicable.

Event Mask Event Type Structure Generic Structure
ButtonMotionMask MotionNotify XPointerMoredEvent XMotionEent
Button1MotionMask
Button2MotionMask
Button3MotionMask
Button4MotionMask
Button5MotionMask
ButtonPressMask ButtonPress XButtonPressedEnt XButtonEent
ButtonReleaseMask ButtonRelease XButtonReleasedEnt XButtonEent
ColormapChangeMask ColormapNotify ~ XColormapEvent
EnterWindevMask EnterNotify XEnterWindowEent XCrossingEsnt
LeaveWindovMask LeaeNotify XLeaveWindowEent XCrossingEsnt
ExposureMask Expose XExposeEvent
GCGraphicsExposures in GC GraphicsExpose XGraphicsExposeBt
NoExpose XNoExposeEwnt
FocusChangeMask deusin XFcusIinEent XFocusChangeEvent
FocusOut XBcusOutEent XFocusChangeEvent
KeymapStateMask &ymapNotify XKeymapEvent
KeyPressMask KyPress XKeyPressedEsnt XKeyEvent
KeyReleaseMask &Release Xi€yReleasedEent XKeyEvent
OwnerGrabButtonMask N.A. N.A.
PointerMotionMask MotionNotify XPointerMoredEvent XMotionEent
PointerMotionHintMask N.A. N.A.
PropertyChangeMask PropertyNotify XPropertyEvent

ResizeRedirectMask

StructureNotifyMask

SubstructureNotifyMask

ResizeRequest

CirculateNotify
ConfigureNotify
Destrg/Notify
GravityNotify
MapNotify
ReparentNotify
UnmapNotify

CirculateNotify
ConfigureNotify
CreateNotify
Destrg/Notify
GravityNotify

XResizeRequestEvent

XCirculateEvent
XConfigureBent
XDestroyWindowEvent
XGravityEvent
XMapE\ent
XReparentEnt
XUnmapEent

XCirculateEvent
XConfigureBsnt
XCreate\WdowEvent

XDestroyWindowEvent

XGravityEvent
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Event Mask Event Type Structure Generic Structure
MapNotify XMapEwent
ReparentNotify XReparentEwnt
UnmapNotify XUnmapEent
SubstructureRedirectMask CirculateRequest XCirculateRequestEvent
ConfigureRequest XConfigureRequesthiy
MapRequest XMapRequestEiv
N.A. ClientMessage XClientMessageEvent
N.A. MappingNotify XMappingEvent
N.A. SelectionClear XSelectionClearEvent
N.A. SelectionNotify XSelectionEvent
N.A. SelectionRequest  XSelectionRequestEvent

VisibilityChangeMask WibilityNotify

XV isibilityEvent

The sections that folle describe the processing that occurs when you select the diffgeant e
masks. Theections are gaenized according to these processing categories:

. Keyboard and pointenvents

. Window crossing gents

. Input focus eents

. Keymap state notificatiorvents
. Exposure eents

. Window state notification eents

. Structure control eents

. Colormap state notificatiorvents
. Client communication\ents

10.5. Keyboard and Pointer Events
This section discusses:

. Pointer button eents

. Keyboard and pointenvents

10.5.1. Binter Button Events

The following describes thevent processing that occurs when a pointer button press is processed

with the pointer in some wingow and when no acte pinter grab is in progress.
The X server searches the ancestors of w from the root down, looking foree gessito acti-

vate. If no matching pas# gab on the button exists, the X server automatically starts ae acti

grab for the client receiving the@ant and sets the last-pointer-grab time to the current server
time. Theeffect is essentially equalent to anXGrabButton with these client passed argu-

ments:
Argument Value
w The event window
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Argument Value

ewvent_mask The clients slected pointervents on the eent window

pointer_mode GrabModeAsync

keyboard_mode GrabModeAsync

owner_events True, if the client has selectddwnerGrabButton-
Mask on the &ent window, ctherwiseFalse

confine_to None

cursor None

The actve gab is automatically terminated when the logical state of the pointer has all buttons
released. Clientsan modify the acte gab by callingXUngrabPointer and XChangeAc-
tivePointerGrab .

10.5.2. Keyboard and Pointer Events

This section discusses the processing that occurs foeyhedrd &ents KeyPressand KeyRe-
leaseand the pointereents ButtonPress, ButtonRelease and MotionNotify . For information
about the kyboard @ent-handling utilities, see chapter 11.

The X server reportEeyPressor KeyReleaseevents to clients wanting information abougys
that logically change state. Note that thegmts are generated for akkys, even those mapped
to modifier bits. The X server repofBttonPressor ButtonReleaseevents to clients wanting
information about buttons that logically change state.

The X server reportdotionNotify events to clients wanting information about when the pointer
logically moves. TheX server generates thisent wheneer the pointer is meed and the pointer
motion begins and ends in the windoThe granularity oMotionNotify events is not guaran-
teed, but a client that selects thverg type is guaranteed to reeeid least oneent when the
pointer maes and then rests.

The generation of the logical changes lags the physical changes if devitprecessing is
frozen.

To receve KeyPress KeyRelease ButtonPress, and ButtonReleaseevents, setkeyPress-
Mask, KeyReleaseMask ButtonPressMask, and ButtonReleaseMaskbits in the gent-mask
attribute of the windw.

To receve MotionNotify events, set one or more of the followingeat masks bits in thevent-
mask attribute of the winao

. Button1MotionMask — Button5MotionMask

The client application recats MotionNotify events only when one or more of the speci-
fied buttons is pressed.

. ButtonMotionMask

The client application recats MotionNotify events only when at least one button is
pressed.

. PointerMotionMask

The client application recats MotionNotify events independent of the state of the pointer
buttons.

. PointerMotionHintMask

If PointerMotionHintMask is selected in combination with one or more of thevabo
masks, the X server is free to send only MwionNotify event (with the is_hint member
of the XPointerMovedEvent structure set tdNotifyHint ) to the client for the eent win-
dow, until either the ky a button state changes, the pointenvisathe event window, or the
client callsXQueryPointer or XGetMotionEvents. The server still may send
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MotionNotify events without is_hint set tblotifyHint .

The source of thevent is the vievable windav that the pointer is in. The windoused by the X
server to report theseants depends on the windaposition in the windw hierarcty and
whether ag intervening windw prohibits the generation of theseents. Startingvith the
source windw, the X server searches up the windaerarcty until it locates the first window
specified by a client as having an interest in theeete Ifone of the intervening windows has
its do-not-propagate-mask set to prohibit generation ofuttr@ &/pe, the eents of those types
will be suppressed. Clients can modify the actual windsed for reporting by performing
active gabs and, in the case afyoard &ents, by using the focus windo

The structures for thesgeant types contain:

typedef struct {
int type;
unsigned long serial;
Bool send_eent;

/* ButtonPress or ButtonRelease */
[* # of last request processed by server */
/* true if this came from a SendEvent request */

Display *display; /* Display theeent was read from */
Window window; /* “ event” window it is reported relatie © */
Window root; /* root windav that the gent occurred on */
Window subwindow; /* child window */

Time time; /* milliseconds */

int x,y; [* pointer x, y coordinates irvent window */

/* coordinates relaé o root */
[*d&y a button mask */

[* detail */
[* same screen flag */

int x_root, y_root;
unsigned int state;
unsigned int btton;
Bool same_screen;
} X ButtonEvent;
typedef XButtonEvent XButtonPressedEvent;
typedef XButtonEvent XButtonReleasedEvent;

typedef struct {

int type;
unsigned long serial;
Bool send_eent;

[* KeyPress or I€yRelease */
I* # of last request processed by server */
[* true if this came from a SendEvent request */

Display *display; /* Display theeent was read from */
Window window; [* “ event” window it is reported relatie © */
Window root; /* root windav that the gent occurred on */
Window subwindow; /* child window */

Time time; /* milliseconds */

int x,y; [* pointer X, y coordinates irvent window */

/* coordinates relaé o root */
[*d&y a button mask */
[*detail */
[* same screen flag */

int x_root, y_root;

unsigned int state;

unsigned int kycode;

Bool same_screen;
} X KeyEvent;
typedef XkeyEvent XKeyPressedEvent;
typedef XkeyEvent XKeyReleasedEvent;

typedef struct {
int type;
unsigned long serial;
Bool send_eent;
Display *display;

/* MotionNotify */

[* # of last request processed by server */
[* true if this came from a SendEvent request */
/* Display theeent was read from */

188



Xlib = C Library libX11 1.3.2

Window window; /* “ event” window reported relatie o */
Window root; /* root windav that the gent occurred on */
Window subwindow; /* child window */
Time time; /* milliseconds */
int x,y; [* pointer x, y coordinates irvent window */
int x_root, y_root; /* coordinates relad  root */
unsigned int state; [*d&y a button mask */
char is_hint; /* detail */
Bool same_screen,; /* same screen flag */

} X MotionEvent;

typedef XMotionEvent XPointerMe@dEvent;

These structures ta the following common members: wingproot, subwindwy, time, X, v,
X_root, y_root, state, and same_screen. The windember is set to the windoon which the
event was generated and is referred to as weetevindov. As long as the conditions previously
discussed are met, this is the windased by the X server to report theset. Theroot member
is set to the source windoswoot windav. The x_root and y_root members are set to the
pointers aordinates relate o the root windows arigin at the time of thewvent.

The same_screen member is set to indicate whethevahievandaow is on he same screen as the
root windav and can be eithefr ue or False. If Tr ue, the event and root windows are on the
same screen. [alse, the event and root windows are not on the same screen.

If the source winde is an nferior of the gent windaw, the subwindew member of the structure

is set to the child of thevent window that is the source wingoor the child of the vent window
that is an ancestor of the source wiwddtherwise, the X server sets the subwindonember to
None. The time member is set to the time when tmnewas generated and is expressed in mil-
liseconds.

If the event windaw is on he same screen as the root windine x and y members are set to the
coordinates relate o the event window’s arigin. Otherwisethese members are set to zero.

The state member is set to indicate the logical state of the pointer buttons and magifiestk
prior to the gent, which is the bitwise incluggé OR of one or more of the button or modifiezyk
masks:Button1Mask, Button2Mask, Button3Mask, Button4Mask, Button5Mask, Shift-
Mask, LockMask, ControlMask , Mod1Mask, Mod2Mask, Mod3Mask, Mod4Mask, and
Mod5Mask.

Each of these structures also has a member that indicates thef@tthe XKeyPressedEvent
and XKeyReleasedEventstructures, this member is calledeyode. Itis set to a number that
represents a physica¢k an the lkeyboard. Thekeycode is an arbitrary representation foy &ay
on the lkeyboard (see sections 12.7 and 16.1).

For the XButtonPressedEventand XButtonReleasedEventstructures, this member is called
button. Itrepresents the pointer button that changed state and canBettivel , Button?2,
Button3, Button4, or Button5 value. For the XPointerMovedEvent structure, this member is
called is_hint. It can be set NotifyNormal or NotifyHint .

Some of the symbols mentioned in this sectiorelf&xed values, as follows:

Symbol Value
Button1MotionMask (1L<<8)
Button2MotionMask (1L<<9)
Button3MotionMask (1L<<10)
Button4MotionMask (1L<<11)
Button5MotionMask (1L<<12)

189



Xlib = C Library libX11 1.3.2

Symbol Value
Button1Mask (1<<8)
Button2Mask (1<<9)
Button3Mask (1<<10)
Button4Mask (1<<11)
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 wicrdgsing gents EnterNotify
andLeaveNotify . If a pointer motion or a windw hierarcly change causes the pointer to be in a
different windav than before, the X server repoHEsaterNotify or LeaveNotify events to clients
who have flected for thesevents. All EnterNotify andLeaveNotify events caused by a hierar-
chy change are generated aftey &erarcly event (UnmapNotify, MapNotify , ConfigureNo-

tify , GravityNotify , CirculateNotify ) caused by that change; howeg the X protocol does not
constrain the ordering dnterNotify andLeaveNotify events with respect té-ocusOut, Visi-
bilityNotify , and Exposeevents.

This contrasts witlMotionNotify events, which are also generated when the pointeemiat
only when the pointer motion begins and ends in a single windm EnterNotify or LeaveNo-
tify event also can be generated when some client applicationX@HhabPointer and XUn-
grabPointer.

To receve EnterNotify or LeaveNotify events, set theenterWindowMask or LeaveWindow-
Mask bits of the gent-mask attribute of the wingo

The structure for theseent types contains:
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typedef struct {

int type;

unsigned long serial;
Bool send_eent;
Display *display;
Window window;
Window root;
Window subwindow;
Time time;

int x,y;

int x_root, y_root;
int mode;

int detail;

Bool same_screen;

libX11 1.3.2

/* EnterNotify or LeaeNotify */
* # of last request processed by server */
[* true if this came from a SendEvent request */
/* Display theeent was read from */
[* “ event” window reported relatie © */

* root windaw that the gent occurred on */
* child windaw */

/* milliseconds */

[* pointer x, y coordinates irvent window */

[* coordinates relaé o root */

/* NotifyNormal, NotifyGrab, NotifyUngrab */

/~k
* N otifyAncestor NotifyVirtual, Notifylnferior,
* N otifyNonlinear,NotifyNonlinearVirtual
*/
[* same screen flag */

Bool focus; /* boolean focus */
unsigned int state; [*d&y a button mask */
} X CrossingEvent;

typedef XCrossingEvent XEnterWindowEvent;
typedef XCrossingEvent XLeaWindowEvent;

The windav member is set to the windoon which theEnterNotify or LeaveNotify event was
generated and is referred to as thenewindav. This is the windw used by the X server to
report the eent, and is relatie o the root windav on which the gent occurred. The root mem-
ber is set to the root windoof the screen on which theemt occurred.

For a LeaveNotify event, if a child of the eent window contains the initial position of the

pointer the subwindas component is set to that child. Otherwise, the X server sets the subwin-
dow member toNone. For anEnterNotify event, if a child of the eent window contains the

final pointer position, the subwindoccomponent is set to that child bilone.

The time member is set to the time when t@ewas generated and is expressed in millisec-
onds. Thexand y members are set to the coordinates of the pointer position wetttenéndow.
This position is aliays the pointes final position, not its initial position. If thezent windaw is

on the same screen as the root wimdoand y are the pointer coordinates relatp the event
window’s arigin. Otherwisex and y are set to zero. The x_root and y_root members are set to
the pointers coordinates relate © the root windows arigin at the time of thewvent.

The same_screen member is set to indicate whethevahievandaow is on he same screen as the
root windav and can be eithefr ue or False. If Tr ue, the event and root windows are on the
same screen. [alse, the eyent and root windows are not on the same screen.

The focus member is set to indicate whether tteatenvindow is the focus windw or an nferior
of the focus winde. The X server can set this member to eifhiawe or False. If True, the
event window is the focus windwa or an nferior of the focus winds. If False, the event win-
dow is not the focus winde or an nferior of the focus winde.

The state member is set to indicate the state of the pointer buttons and mewfjastrior to
the avent. TheX server can set this member to the bitwise inglISIR of one or more of the
button or modifier ky masks:Button1Mask, Button2Mask, Button3Mask, Button4Mask,
Button5Mask, ShiftMask, LockMask, ControlMask , Mod1Mask, Mod2Mask,
Mod3Mask, Mod4Mask, Mod5Mask.

191



Xlib = C Library libX11 1.3.2

The mode member is set to indicate whether tieate are normahents, pseudo-motionvents
when a grab aatétes, or pseudo-motiorvents when a grab deaddtes. TheX server can set
this member taNotifyNormal , NotifyGrab , or NotifyUngrab .

The detail member is set to indicate the notify detail and casolbié/Ancestor, NotifyVirtual ,
Notifylnferior , NotifyNonlinear, or NotifyNonlinearVirtual .

10.6.1. NormalEntry/Exit Events

EnterNotify andLeaveNotify events are generated when the pointevesdrom one windw to
another winda.. Normal events are identified b)XEnterWindowEvent or XLeaveWindow-
Event structures whose mode member is sétitdifyNormal .

. When the pointer mas from windav A to window B and A is an inferior of B, the X
server does the following:

- It generates &eaveNotify event on windav A, with the detail member of the
XLeaveWindowEvent structure set tdNotifyAncestor.

- It generates &eaveNotify event on each windw between windw A and window
B, exclusve, with the detail member of eactlLeaveWindowEvent structure set to
NotifyVirtual .

- It generates aknterNotify event on windav B, with the detail member of th€En-
terWindowEvent structure set tdNotifylnferior .

. When the pointer mas from windav A to window B and B is an inferior of A, the X
server does the following:

- It generates &eaveNotify event on windav A, with the detail member of the
XLeaveWindowEvent structure set tdNotifyInferior .

- It generates ainterNotify event on each winde between windar A and window
B, exclusve, with the detail member of eactEnterWindowEvent structure set to
NotifyVirtual .

- It generates aknterNotify event on windav B, with the detail member of th€En-
terWindowEvent structure set tdNotifyAncestor.

. When the pointer mas from windav A to window B and windawv C is their least common
ancestarthe X server does the following:

- It generates &eaveNotify event on windav A, with the detail member of the
XLeaveWindowEvent structure set tdNotifyNonlinear .

- It generates &eaveNotify event on each windw between windw A and window
C, exclusie, with the detail member of eactliLeaveWindowEvent structure set to
NotifyNonlinearVirtual .

- It generates aknterNotify event on each winde between winder C and window
B, exclusve, with the detail member of eactEnterWindowEvent structure set to
NotifyNonlinearVirtual .

- It generates aknterNotify event on windav B, with the detail member of th€En-
terWindowEvent structure set tdNotifyNonlinear .

. When the pointer mas from windav A to window B on dfferent screens, the X server
does the following:

- It generates &eaveNotify event on windav A, with the detail member of the
XLeaveWindowEvent structure set tdNotifyNonlinear .

- If window A is not a root windw, it generates &eaveNotify event on each window
above window A up to and including its root, with the detail member of each
XLeaveWindowEvent structure set tdNotifyNonlinearVirtual .

- If window B is not a root windwy, it generates ainterNotify event on each win-
dow from windav B’s root down to but not including wingoB, with the detail
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member of eaclXEnterWindowEvent structure set tdNotifyNonlinearVirtual .

- It generates aknterNotify event on windav B, with the detail member of th€En-
terWindowEvent structure set tdNotifyNonlinear .

10.6.2. Graband Ungrab Entry/Exit Events

Pseudo-motion modEnterNotify and LeaveNotify events are generated when a pointer grab
activates or deactates. Ewents in which the pointer grab aeties are identified b)XEnterWin-
dowEvent or XLeaveWindowEvent structures whose mode member is seéllotifyGrab .
Events in which the pointer grab desaties are identified b)XEnterWindowEvent or
XLeaveWindowEvent structures whose mode member is séfiddifyUngrab (seeXGrab-
Pointer).

. When a pointer grab aecétes after apinitial warp into a confine_to wineoand before
generating anactual ButtonPress event that actrates the grab, G is the grab_windéor
the grab, and P is the winddhe pointer is in, the X server does the following:

- It generate€EnterNotify andLeaveNotify events (see section 10.6.1) with the mode
members of theXEnterWindowEvent and XLeaveWindowEvent structures set to
NotifyGrab . These ®ents are generated as if the pointer were to suddenly warp
from its current position in P to some position in G. Hesvethe pointer does not
warp, and the X server uses the pointer position as both the initial and final positions
for the eents.

. When a pointer grab deadies after generating piactual ButtonReleaseevent that
deactvates the grab, G is the grab_windéor the grab, and P is the windohe pointer is
in, the X server does the following:

- It generate€nterNotify andLeaveNotify events (see section 10.6.1) with the mode
members of theXEnterWindowEvent and XLeaveWindowEvent structures set to
NotifyUngrab . These eents are generated as if the pointer were to suddenly warp
from some position in G to its current position inHbweve, the pointer does not
warp, and the X server uses the current pointer position as both the initial and final
positions for the wents.

10.7. InputFocus Events

This section describes the processing that occurs for the input fets Focusin and Focu-
sOut. The X server can repoFRocusin or FocusOut events to clients wanting information
about when the input focus changes. Tagbkard is alvays attached to some wingdtypically,
the root windav or a bp-level window), which is called the focus windo The focus window
and the position of the pointer determine the wimdlwat recares keyboard input. Clients may
need to knav when the input focus changes to control highlighting of areas on the screen.

To receve Focusin or FocusOut events, set thd=ocusChangeMaskbit in the eent-mask
attribute of the windw.

The structure for theseent types contains:
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typedef struct {
int type; /* Focusin or FocusOut */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */
Window window; /* window of event */
int mode; /* NotifyNormal, NotifyGrab, NotifyUngrab */
int detail;
/~k
* N otifyAncestor NotifyVirtual, Notifylnferior,
* N otifyNonlinear,NotifyNonlinearVirtual, NotifyPointer,
* N otifyPointerRoot, NotifyDetailNone
*/
} X FocusChangeEvent;

typedef XFocusChangeEvent XFocusIinEvent;
typedef XFocusChangeEvent XFocusOutEvent;

The windav member is set to the windoon which theFocusin or FocusOut event was gener-
ated. Thids the windev used by the X server to report theeiet. Themode member is set to
indicate whether the focusents are normal focussents, focus eents while grabbed, focus
evants when a grab agtites, or focus\ents when a grab deagdtes. TheX server can set the
mode member tdlotifyNormal , NotifyWhileGrabbed , NotifyGrab , or NotifyUngrab .

All FocusOut events caused by a windounmap are generated after ddgmapNotify event;
however, the X protocol does not constrain the orderingrofusOut events with respect to gen-
eratedEnterNotify , LeaveNotify , VisibilityNotify , and Exposeevents.

Depending on thevent 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. NormalFocus Events and Focus Events While Grabbed

Normal focus ents are identified b)XFocusInEvent or XFocusOutEvent structures whose
mode member is set tdotifyNormal . Focus &ents while grabbed are identified ByFocusin-
Event or XFocusOutEvent structures whose mode member is séltifyWhileGrabbed .

The X server processes normal focus and foeeste while grabbed according to the following:

. When the focus mas from windav A to window B, A is an inferior of B, and the pointer
is in windaw P, the X server does the following:

- It generates &ocusOut event on windav A, with the detail member of the€Focu-
sOutEvent structure set tdNotifyAncestor.

- It generates &ocusOut event on each windw between winder A and windav B,
exclusive, with the detail member of eactFocusOutEvent structure set tiNoti-
fyVirtual .

- It generates &ocusin event on windav B, with the detail member of th€Focu-
sOutEvent structure set tdNotifylnferior .

- If window P is an nferior of windav B but window P is rot window A or an inferior
or ancestor of windme A, it generates &ocusin event on each winde below win-
dow B, down to and including windav P, with the detail member of eactiFocusin-
Event structure set tNotifyPointer .

. When the focus mas from windav A to window B, B is an nferior of A, and the pointer
is in windaw P, the X server does the following:
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If window P is an nferior of windav A but P is not an inferior of windoB or an
ancestor of B, it generatedracusOut event on each wind® from windav P up ©
but not including windav A, with the detail member of eactiFocusOutEvent
structure set tdNotifyPointer .

It generates &ocusOut event on windav A, with the detail member of th€Focu-
sOutEvent structure set tdNotifylnferior .

It generates &ocusin event on each windw between windw A and windav B,
exclusive, with the detail member of eactFocusinEvent structure set tiNoti-
fyVirtual .

It generates &ocusin event on windav B, with the detail member of théFocusin-
Event structure set tdNotifyAncestor.

. When the focus mas from windav A to window B, window C is their least common
ancestarand the pointer is in winde P, the X server does the following:

If window P is an nferior of windav A, it generates &ocusOut event on each win-
dow from windav P up to lut not including windw A, with the detail member of the
XFocusOutEvent structure set tdNotifyPointer .

It generates &ocusOut event on windav A, with the detail member of th€Focu-
sOutEvent structure set tdNotifyNonlinear .

It generates &ocusOut event on each windwe between winde A and windav C,
exclusive, with the detail member of eactFocusOutEvent structure set tdNoti-
fyNonlinearVirtual .

It generates &ocusin event on each windw between C and B, exclus, with the
detail member of eackFocusinEvent structure set tdNotifyNonlinearVirtual .

It generates &ocusin event on windav B, with the detail member of théFocusin-
Event structure set tdNotifyNonlinear .

If window P is an nferior of windav B, it generates &ocusin event on each win-
dow below window B down to and including windav P, with the detail member of
the XFocusInEvent structure set tdNotifyPointer .

. When the focus mas from windav A to window B on dfferent screens and the pointer is
in window P, the X server does the following:

If window P is an nferior of windav A, it generates &ocusOut event on each win-
dow from windav P up to lut not including windw A, with the detail member of
eachXFocusOutEvent structure set tdNotifyPointer .

It generates &ocusOut event on windav A, with the detail member of th€Focu-
sOutEvent structure set téNotifyNonlinear .

If window A is not a root windw, it generates &ocusOut event on each window
above window A up to and including its root, with the detail member of eadfocu-
sOutEvent structure set tdNotifyNonlinearVirtual .

If window B is not a root windwy, it generates &ocusin event on each window
from windaw B’s root down to but not including windoB, with the detail member
of eachXFocusInEvent structure set tdNotifyNonlinearVirtual .

It generates &ocusin event on windav B, with the detail member of eactFo-
cusinEvent structure set téNotifyNonlinear .

If window P is an nferior of windav B, it generates &ocusin event on each win-
dow below window B down to and including windav P, with the detail member of
eachXFocusInEvent structure set tdNotifyPointer .

. When the focus mas from windav A to PainterRoot (events sent to the windounder
the pointer) oMNone (discard), and the pointer is in windd, the X server does the fol-
lowing:
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- If window P is an nferior of windav A, it generates &ocusOut event on each win-
dow from windav P up to lut not including windw A, with the detail member of
eachXFocusOutEvent structure set tdNotifyPointer .

- It generates &ocusOut event on windav A, with the detail member of thé€Focu-
sOutEvent structure set tdNotifyNonlinear .

- If window A is not a root windw, it generates &ocusOut event on each window
above window A up to and including its root, with the detail member of eadfocu-
sOutEvent structure set tdNotifyNonlinearVirtual .

- It generates &ocusin event on the root winde of all screens, with the detail mem-
ber of eachXFocusIinEvent structure set tdNotifyPointerRoot (or NotifyDetail-
None).

- If the nev focus isPaointerRoot, it generates &ocusin event on each wind® from
window P's root down to and including wineoP, with the detail member of each
XFocusInEvent structure set tdNotifyPointer .

. When the focus mas from PointerRoot (events sent to the windounder the pointer) or
Noneto windowv A, and the pointer is in winde P, the X server does the following:

- If the old focus idainterRoot, it generates &ocusOut event on each window
from windowv P up to ad including windev 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 windw, it generates &ocusin event on each window
from windov A’s root down to but not including wingloA, with the detail member
of eachXFocusInEvent structure set tdNotifyNonlinearVirtual .

- It generates &ocusin event on windav A, with the detail member of théFo-
cusinEvent structure set téNotifyNonlinear .

- If window P is an nferior of windav A, it generates &ocusin event on each win-
dow below window A down to and including windav P, with the detail member of
eachXFocusInEvent structure set tdNotifyPointer .

. When the focus mas from PointerRoot (events sent to the windounder the pointer) to
None (or vice versa), and the pointer is in wimdB, the X server does the following:

- If the old focus idainterRoot, it generates &ocusOut event on each window
from windov P up to ad including windav 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 to eitheMotifyPointerRoot or NotifyDetailNone.

- It generates &ocusin event on all root windows, with the detail member of each
XFocusInEvent structure set tdNotifyDetailNone or NotifyPointerRoot.

- If the nev focus isPaointerRoot, it generates &ocusin event on each wind® from
window P's root down to and including wineoP, with the detail member of each
XFocusInEvent structure set tdNotifyPointer .

10.7.2. focus Events Generated by Grabs

Focus &ents in which the &board grab actetes are identified bXFocusinEvent or XFocu-
sOutEvent structures whose mode member is sdldtifyGrab . Focus &ents in which the
keyboard grab deasfites are identified b)XFocusinEvent or XFocusOutEvent structures
whose mode member is setNotifyUngrab (seeXGrabKeyboard ).

. When a leyboard grab actates before generating yaactual KeyPressevent that actiates
the grab, G is the grab_wingpand F is the current focus, the X server does the following:
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- It generated~ocusin and FocusOut events, with the mode members of tké&o-
cusinEvent and XFocusOutEvent structures set tblotifyGrab . These eents are
generated as if the focus were to change from F to G.

. When a lkeyboard grab deaetites after generating piactual KeyReleaseevent that deac-
tivates the grab, G is the grab_wind@nd F is the current focus, the X server does the fol-
lowing:

- It generated~ocusin and FocusOut events, with the mode members of tk&o-
cusinEvent and XFocusOutEvent structures set tblotifyUngrab . These eents
are generated as if the focus were to change from G to F.

10.8. Key Map State Notification Events

The X server can repokeymapNotify events to clients that want information about changes in
their keyboard state.

To receve KeymapNotify events, set th&keymapStateMaskbit in the eent-mask attribute of
the windav. The X server generates thigeat immediately aftervery EnterNotify and
Focusin evant.

The structure for thisvent type contains:

/* generated on EnterWindoand Focusin when &ymapState selected */

typedef struct {
int type; /* KeymapNotify */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */

Window window;
char ley_vector[32];
} X KeymapEvent;

The windav member is not used but is present to aid some toolkits. @hev&ctor member is

set to the bit vector of theeldooard. Eaclbit set to 1 indicates that the correspondiag k aur-
rently pressed. The vector is represented as 32 bytes. Byte N (from 0) contains the by for k
8N to 8N + 7 with the least significant bit in the byte representydiN.

10.9. Exposue Events

The X protocol does not guarantee to presdre contents of winde regons when the windows

are obscured or reconfigured. Some implementations may prdisercontents of windows.

Other implementations are free to degtitee contents of windows wherpmosed. Xexpects

client applications to assume the responsibility for restoring the contents of an exposed window
region. (Anexposed windw regon describes a formerly obscured windehose region

becomes visible.) Therefore, the X server sdixisoseevents describing the windwand the

region of the winde that has beernxposed. Anaive dient application usually redraws the entire
window. A more sophisticated client application redraws only the exposed region.

10.9.1. Exposdvents

The X server can repoExposeevents to clients wanting information about when the contents of
window regons hae lkeen lost. The circumstances in which the X server gendeajmsse

events are not as definite as those for otlvents. Havever, the X server neer generates
Exposeevents on windows whose class you specifiedhasitOnly . The X server can generate
Exposeevents when no valid contents areaable for regions of a winde and either the

regions are visible, the regions arewable and the server is (perhaps newly) maintaining back-
ing store on the windg or the windav is not viewable but the server is (perhaps newly) honoring
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the windows backing-store attribute ohlways or WhenMapped. The regions decompose into

an (arbitrary) set of rectangles, andExposeevent is generated for each rectangker any

given window, the X server guarantees to report contiguously all of the regions exposed by some
action that causeSxposeevents, such as raising a wingo

To recevve Exposeevents, set theexposureMask bit in the eent-mask attribute of the windo
The structure for thisvent type contains:

typedef struct {
int type; [* Expose */
unsigned long serial; * # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */
Window window;
int x,y;
int width, height;
int count; [* if nonzero, at least this mamore */
} X ExposeEvent;

The windav member is set to the exposed (damaged) windthe x and y members are set to

the coordinates relae o the windows arigin 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 dExposeevents that are to foll. If count is zero, no morExposeevents

follow for this windav. Howevae, if count is nonzero, at least that numbeEaposeevents (and
possibly more) follav for this windav. Smple applications that do not want to optimize redis-

play by distinguishing between subareas of its windan just ignore alExposeevents with

nonzero counts and perform full redisplays wenés with zero counts.

10.9.2. GraphicsExpos@and NoExpose Events

The X server can repo@GraphicsExposeevents to clients wanting information about when a
destination region could not be computed during certain graphics regK€sisyArea or
XCopyPlane. The X server generates thigeat wheneer a destination region could not be
computed because of an obscured or out-of-bounds sogroa.rénaddition, the X server guar-
antees to report contiguously all of the regions exposed by some graphics request (for example,
copying an area of a dvable to a destination dnable).

The X server generatedNbExposeevent when&er a graphics request that might produce a
GraphicsExposeevent does not produce ynin other words, the client is really asking for a
GraphicsExposeevent but instead recets aNoExposeevent.

To receve GraphicsExposeor NoExposeevents, you must first set the graphics-exposure
attribute of the graphics context Toue. You also can set the graphics-expose attribute when
creating a graphics context usikgreateGC or by callingXSetGraphicsExposures

The structures for thesgeant types contain:
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typedef struct {

int type;
unsigned long serial;
Bool send_eent;

libX11 1.3.2

* GraphicsExpose */
[* # of last request processed by server */
[* true if this came from a SendEvent request */

Display *display; /* Display theeent was read from */
Drawable dravable;

int x,y;

int width, height;

int count; [* if nonzero, at least this mamore */

int major_code;
int minor_code;

} X GraphicsExposeEvent;

typedef struct {

int type;

unsigned long serial;
Bool send_eent;
Display *display;
Drawable dravable;
int major_code;

int minor_code;

* core is CopyArea or CopyPlane */
/* not defined in the core */

/* NoExpose */

[* # of last request processed by server */
/* true if this came from a SendEvent request */
/* Display theeent was read from */

* core is CopyArea or CopyPlane */
* not defined in the core */

} X NoExposeEvent;

Both structures ha these common members: diable, major_code, and minor_code. The

dravable member is set to the grable of the destination region on which the graphics request

was to be grformed. Thenajor_code member is set to the graphics request initiated by the client
and can be eithex_CopyArea or X_CopyPlane. Ifitis X_CopyArea, a all to XCopyArea

initiated the request. If it iX_CopyPlane, a all to XCopyPlane initiated the request. These
constants are defined ilX¥1/Xproto.h>. Theminor_code membelike the major_code mem-

ber, indicates which graphics request was initiated by the client. twwhe 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.

The XGraphicsExposeEventstructure has these additional members; wigth, height, and
count. Thex and y members are set to the coordinates velddithe dravable’s arigin 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 numkeaphicsExposeevents to
follow. If count is zero, no mor&raphicsExposeevents follow for this windav. Howeve, if

count is nonzero, at least that numbeGoaphicsExposeevents (and possibly more) are to fol-
low for this windav.

10.10. Window State Change Events
The following sections discuss:

. CirculateNotify events
. ConfigureNotify events
. CreateNotify events

. DestroyNotify events

. GravityNotify events
. MapNotify events
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. MappingNotify events
. ReparentNotify events
. UnmapNotify events

. VisibilityNotify events

10.10.1. CiculateNotify Events

The X server can repo@irculateNotify events to clients wanting information about when a
window changes its position in the stack. The X server generates/énistgpe wheneer a win-
dow is actually restacked as a result of a client application cai@gculateSubwindows,
XCirculateSubwindowsUp, or XCirculateSubwindowsDown.

To receve CirculateNotify events, set theStructureNotifyMask bit in the eent-mask attribute
of the windav or the SubstructureNotifyMask bit in the eent-mask attribute of the parent win-
dow (in which case, circulating srchild generates arnvent).

The structure for thisvent type contains:

typedef struct {
int type; * CirculateNotify */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */

Window event;

Window window;

int place; /* PlaceOnTop, PlaceOnBottom */
} X CirculateEvent;

The event member is set either to the restacked windoto its parent, depending on whether
StructureNotify or SubstructureNotify was ®lected. Thevindow member is set to the win-
dow that was resta@d. Theplace member is set to the windevgbsition after the restack
occurs and is eithéPlaceOnTop or PlaceOnBottom. If it is PlaceOnTop, the windav is how
on top of all siblings. If it isPlaceOnBottom, the windav is now below al siblings.

10.10.2. ConfigueNotify Events

The X server can repo@onfigureNotify events to clients wanting information about actual
changes to a window'date, such as size, position, borded stacking orderThe X server gen-
erates this\ent type wheneger one of the following configure windorequests made by a client
application actually completes:

. A window’s gze, position, bordelnd/or stacking order is reconfigured by callXgon-
figureWindow .

. The windows position in the stacking order is changed by callfigowerWindow ,
XRaiseWindow, or XRestackWindows.

. A window is moved by aalling XMovewWindow.
. A window's dze is changed by callingResizeWindow.
. A window’s 9ze and location is changed by callikfylo veResizeWindow

. 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 receve ConfigureNotify events, set theStructureNotifyMask bit in the eent-mask attribute
of the windav or the SubstructureNotifyMask bit in the eent-mask attribute of the parent
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window (in which case, configuring grchild generates arnvent).
The structure for thisvent type contains:

typedef struct {
int type; /* ConfigureNotify */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */

Window event;

Window window;

int x,y;

int width, height;

int border_width;

Window above;

Bool override_redirect;
} X ConfigureEvent;

The event member is set either to the reconfigured wimdoto its parent, depending on whether
StructureNotify or SubstructureNotify was ®lected. Thevindow member is set to the win-
dow whose size, position, bordend/or stacking order was changed.

The x and y members are set to the coordinateswelatthe parent windovg aigin and indicate
the position of the upper-left outside corner of the wmd®he width and height members are
set to the inside size of the windaot including the borderThe border_width member is set to
the width of the windove border, in pixels.

The abwe member is set to the sibling wing@and is used for stacking operations. If the X
server sets this member Mone, the windav whose state was changed is on the bottom of the
stack with respect to sibling windis. Hawever, if this member is set to a sibling windahe
window whose state was changed is placed on top of this sibling windo

The override_redirect member is set to theewide-redirect attribute of the windo Window
manager clients normally should ignore this windbthe oserride_redirect member i$r ue.

10.10.3. CeateNotify Events

The X server can repo@reateNotify events to clients wanting information about creation of
windows. TheX server generates thisent wheneer a dient application creates a wingdy
calling XCreateWindow or XCreateSimpleWindow.

To receve CreateNotify events, set theSubstructureNotifyMask bit in the eent-mask attribute
of the windav. Creating ag children then generates aveat.

The structure for thevent type contains:
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typedef struct {
int type; /* CreateNotify */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */
Window parent; [*parent of the windw */
Window window; /* window id of window created */
int x,y; /* window location */
int width, height; [* size of windw */
int border_width; [* border width */
Bool override_redirect; [*creation should beverridden */
} X CreateWindowEvent;

The parent member is set to the created winslparent. Thevindow member specifies the cre-
ated windwv. The x and y members are set to the created wirtddmardinates relate o the
parent windows arigin 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 \{niotlo
including the border) and arenalys nonzero. The border_width member is set to the width of
the created window’border, in pixels. Theoveride_redirect member is set to theewide-redi-
rect attribute of the winda Window manager clients normally should ignore this wiwdbthe
overide_redirect member i$r ue.

10.10.4. DestyNotify Events

The X server can repoBRestroyNotify events to clients wanting information about which win-
dows are destyed. TheX server generates thisent when&er a dient application destroys a
window by calling XDestroyWindow or XDestroySubwindows

The ordering of th®estroyNotify events is such that for grgiven window, DestroyNotify is
generated on all inferiors of the winddefore being generated on the windidself. TheX pro-
tocol does not constrain the ordering among siblings and across subhierarchies.

To receve DestroyNotify events, set theStructureNotifyMask bit in the ent-mask attribute of
the windav or the SubstructureNotifyMask bit in the ent-mask attribute of the parent window
(in which case, destroying yachild generates arvent).

The structure for thisvent type contains:

typedef struct {
int type; [* DestroyNotify */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */

Window event;
Window window;
} X DestroyWindowEvent;

The event member is set either to the destroyed windoto its parent, depending on whether
StructureNotify or SubstructureNotify was ®lected. Thevindow member is set to the win-
dow that is destroyed.
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10.10.5. GraityNotify 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 generatesrthis e
wheneer a dient application actually mes a dild window as a esult of resizing its parent by
calling XConfigureWindow, XMoveResizeWindow, or XResizeWindow.

To receve GravityNotify events, set theStructureNotifyMask bit in the &ent-mask attribute of
the windav or the SubstructureNotifyMask bit in the ent-mask attribute of the parent window
(in which case, anchild that is meed because its parent has been resized generatesrah e

The structure for thisvent type contains:

typedef struct {

int type; [* GravityNotify */

unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */

Window event;
Window window;
int x,y;

} X GravityEvent;

The event member is set either to the windthat was mweed or to its parent, depending on
whetherStructureNotify or SubstructureNotify was ®lected. Thevindow member is set to

the child windav that was meed. Thex and y members are set to the coordinates veldtithe

new parent windows arigin and indicate the position of the upper-left outside corner of the win-
dow.

10.10.6. MapNotifyEvents

The X server can repoMapNotify events to clients wanting information about which windows
are mapped. The X server generates théateype wheneer a dient application changes the
window’s gate from unmapped to mapped by callikilapWindow , XMapRaised, XMap-
Subwindows, XReparentWindow, or as a esult of sae-set processing.

To receve MapNotify events, set theStructureNotifyMask bit in the eent-mask attribute of
the windav or the SubstructureNotifyMask bit in the ent-mask attribute of the parent window
(in which case, mapping niehild generates arnvent).

The structure for thisvent type contains:

typedef struct {
int type; I* MapNotify */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */

Window event;

Window window;

Bool override_redirect; [*boolean, is verride set... */
} X MapEvent;

The event member is set either to the windthat was mapped or to its parent, depending on
whetherStructureNotify or SubstructureNotify was ®lected. Thevindow member is set to
the windav that was mapped. The@ride_redirect member is set to theewide-redirect
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attribute of the winde. Window manager clients normally should ignore this wiwdbthe
overide-redirect attribute i3r ue, because thesevents usually are generated from pop-ups,
which override structure control.

10.10.7. MappingNotifyEvents

The X server reportsappingNotify events to all clients. There is no mechanism to express dis-
interest in thiswent. TheX server generates thigent type wheneer a dient application suc-
cessfully calls:

. XSetModifierMapping to indicate which K€yCodes are to be used as modifiers
. XChangeKeyboardMapping to change thedyboard mapping

. XSetPointerMapping to set the pointer mapping

The structure for thisvent type contains:

typedef struct {
int type; /* MappingNotify */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */
Window window; /* unused */
int request; * one of MappingModifieMappingkeyboard,
MappingPointer */
int first_keycode; [*first keycode */
int count; [* defines range of changefist_keycode*/
} X MappingEvent;

The request member is set to indicate the kind of mapping change that occurred anilapn be
pingModifier , MappingKeyboard, or MappingPointer. If itis MappingModifier , the modi-

fier mapping was changed. If it MappingKeyboard, the keyboard mapping was changed. If it

is MappingPointer, the pointer button mapping was changed. The fiescdde and count

members are set only if the request member was 8¢appingKeyboard. The number in

first_keycode represents the first number in the range of the altered mapping, and count represents
the number of &codes altered.

To update the client applicatianknowledge of the éyboard, you should cakRefreshKey-
boardMapping.

10.10.8. RepaentNotify Events

The X server can repoReparentNotify events to clients wanting information about changing a
window’s parent. TheX server generates thisent wheneer a dient application callsKRepar-
entWindow and the windw is actually reparented.

To receve ReparentNotify events, set theStructureNotifyMask bit in the eent-mask attribute
of the windav or the SubstructureNotifyMask bit in the eent-mask attribute of either the old or
the nev parent windav (in which case, reparentingyachild generates arnvent).

The structure for thisvent type contains:
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typedef struct {
int type; [* ReparentNotify */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */

Window event;

Window window;

Window parent;

int x,y;

Bool override_redirect;
} X ReparentEvent;

The event member is set either to the reparented windoto the old or the ne parent, depend-
ing on whetheiStructureNotify or SubstructureNotify was slected. Thavindow member is
set to the winde that was reparented. The parent member is set to ¥hearent windev. The
x and y members are set to the reparented winslovgrdinates relate © the nev parent win-
dow’s arigin and define the upper-left outer corner of the reparented windloe werride_redi-
rect member is set to thearide-redirect attribute of the windospecified by the winde mem-
ber Window manager clients normally should ignore this wiwdbthe owerride_redirect mem-
ber isTrue.

10.10.9. UnmapNotifyEvents

The X server can repoldnmapNotify events to clients wanting information about which win-
dows are unmapped. The X server generates\hig g/pe wheneer a dient application
changes the window’'date from mapped to unmapped.

To receve UnmapNotify events, set theStructureNotifyMask bit in the eent-mask attribute of
the windav or the SubstructureNotifyMask bit in the eent-mask attribute of the parent window
(in which case, unmapping yachild windown generates arvent).

The structure for thisvent type contains:

typedef struct {
int type; /* UnmapNotify */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */

Window event;

Window window;

Bool from_configure;
} X UnmapEvent;

The event member is set either to the unmapped windoto its parent, depending on whether
StructureNotify or SubstructureNotify was lected. Thiss the windev used by the X server
to report the went. Thewindow member is set to the windothat 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 windwitself had a win_gravity oJnmapGravity .

10.10.10. \&ibilityNotify Events

The X server can repo¥isibilityNotify events to clients wanting grchange in the visibility of
the specified windws. A region of a windw is visible if someone looking at the screen can
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actually see it. The X server generates theewheneer the visibility changes state. Howez,
this event is never generated for windows whose classriputOnly .

All VisibilityNotify events caused by a hierascbhange are generated aftey duerarcty event
(UnmapNotify, MapNotify , ConfigureNotify, GravityNotify , CirculateNotify ) caused by

that change. AnyisibilityNotify event on a gien window is generated before arfgxpose

events on that winde, but it is not required that aWisibilityNotify events on all windows be
generated before dlixposeevents on all windas. TheX protocol does not constrain the order-
ing of VisibilityNotify events with respect té-ocusOut, EnterNotify , and LeaveNotify events.

To receve VisibilityNotify events, set thé/isibilityChangeMask bit in the &ent-mask attribute
of the windav.

The structure for thisvent type contains:

typedef struct {
int type; * VisibilityNotify */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */
Window window;
int state;

} X VisibilityEvent;

The windav member is set to the windowhose visibility state changes. The state member is set
to the state of the windog/isibility and can beVisibilityUnobscured, VisibilityPartiallyOb-

scured, or VisibilityFullyObscured . The X server ignores all of a windanaubwindows when
determining the visibility state of the wind@nd processeVisibilityNotify events according to

the following:

. When the windw changes state from partially obscured, fully obscured, or natlie to
viewable and completely unobscured, the X server generatesgedhievéth the state mem-
ber of theXVisibilityEvent structure set t&/isibilityUnobscured.

. When the windw changes state from wable and completely unobscured or notwable
to viewable and partially obscured, the X server generatesvidmg with the state member
of the XVisibilityEvent structure set t&/isibilityPartiallyObscured .

. When the windw changes state from wable and completely unobscured,wable and
partially obscured, or not wieble to vievable and fully obscured, the X server generates
the event with the state member of théVisibilityEvent structure set t&/isibilityFully-
Obscured.

10.11. Structure Control Events
This section discusses:

. CirculateRequestevents
. ConfigureRequestevents
. MapRequestevents

. ResizeRequestvants

10.11.1. CiculateRequest Events

The X server can repo@irculateRequestevents to clients wanting information about when
another client initiates a circulate windoequest on a specified wingdo The X server generates
this event type wheneer a dient initiates a circulate windorequest on a windoand a subwin-
dow actually needs to be restaak Theclient initiates a circulate win@orequest on the window
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by calling XCirculateSubwindows, XCirculateSubwindowsUp, or XCirculateSubwindows-
Down.

To receve CirculateRequestevents, set theSubstructureRedirectMask in the eent-mask
attribute of the windw. Then, in the future, the circulate windeequest for the specified win-
dow is not executed, and thus, grsubwindows position in the stack is not changeor exam-
ple, suppose a client application call€irculateSubwindowsUp to raise a subwindoto the
top of the stack. If you had select&dbstructureRedirectMask on the windw, the X server
reports to you LirculateRequestevent and does not raise the subwindo the top of the
stack.

The structure for thisvent type contains:

typedef struct {
int type; /* CirculateRequest */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */

Window parent;

Window window;

int place; /* PlaceOnTop, PlaceOnBottom */
} X CirculateRequestEvent;

The parent member is set to the parent winddhe windav member is set to the subwingdo
be restackd. Theplace member is set to what thewosition in the stacking order should be
and is eithePlaceOnTopor PlaceOnBottom. Ifitis PlaceOnTop, the subwindw should be
on top of all siblings. If it iPlaceOnBottom, the subwindw should be belw al siblings.

10.11.2. ConfigueRequest Events

The X server can repo@onfigureRequestevents to clients wanting information about when a
different client initiates a configure windaequest on anchild of a specified winds. The con-
figure windav request attempts to reconfigure a windogze, position, bordeend stacking
order The X server generates thigeat wheneer a dfferent client initiates a configure window
request on a windw by calling XConfigureWindow, XLowerWindow , XRaiseWindow,
XMapRaised, XMoveResizeWindow, XMoveWindow, XResizeWindow, XRestackWin-
dows, or XSetWindowBorderWidth .

To receve ConfigureRequestevents, set thesubstructureRedirectMask bit in the eent-mask
attribute of the winde. ConfigureRequestevents are generated wherCanfigureWindow
protocol request is issued on a child wiwday another client.For example, suppose a client
application callsXLowerWindow to lower a windw. If you had selecte8ubstructureRedi-
rectMask on the parent winde and if the werride-redirect attribute of the windois set to
False, the X server reports @onfigureRequestevent to you and does not lower the specified
window.

The structure for thisvent type contains:
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typedef struct {
int type; /* ConfigureRequest */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */

Window parent;
Window window;
int x,y;
int width, height;
int border_width;
Window above;
int detail; /* Above, Below, Toplf, Bottomlf, Opposite */
unsigned long value_mask;
} X ConfigureRequestEvent;

The parent member is set to the parent winddhe windav member is set to the windovhose

size, position, border width, and/or stacking order is to be reconfigured. The value_mask member
indicates which components were specified inGloafigureWindow protocol request. The cor-
responding values are reported aggin the request. The remaining values are filled in from

the current geometry of the wingipexcept in the case of abe (sibling) and detail (stack-mode),

which are reported adone and Above, respectiely, if they are not gven in the request.

10.11.3. MapRequesEvents

The X server can repoMapRequestevents to clients wanting information about a different
client’s desire to map windes. Awindow is considered mapped when a map wivdequest
completes. Th& server generates thisent wheneer a dfferent client initiates a map window
request on an unmapped winderhose @erride_redirect member is set kalse. Clients initiate
map windav requests by callingMapWindow , XMapRaised, or XMapSubwindows.

To receve MapRequestevents, set theSubstructureRedirectMask bit in the eent-mask
attribute of the windw. This means another clieatttempts to map a child windoby calling
one of the map windwe request functions is intercepted, and you are s&fda@ERequestinstead.
For example, suppose a client application calldapWindow to map a windw. If you (usually
a window manager) had selecte&libstructureRedirectMask on the parent winde and if the
override-redirect attribute of the windois st to False, the X server reports lapRequest
event to you and does not map the specified wiwddhus, this gent gives your windav man-
ager client the ability to control the placement of subwindows.

The structure for thisvent type contains:

typedef struct {
int type; /* MapRequest */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */

Window parent;
Window window;
} X MapRequestEvent;

The parent member is set to the parent winddhe windav member is set to the windoto be
mapped.
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10.11.4. ResizeRequegivents

The X server can repoResizeRequesevents to clients wanting information about another
client’s atempts to change the size of a winddThe X server generates thigeat wheneer
some other client attempts to change the size of the specifiedwiydmlling XConfig-
ureWindow, XResizeWindow, or XMoveResizeWindow.

To receve ResizeRequestevants, set thdResizeRedirectbit in the &ent-mask attribute of the
window. Any d@tempts to change the size by other clients are then redirected.

The structure for thisvent type contains:

typedef struct {
int type; /* ResizeRequest */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */

Window window;
int width, height;
} X ResizeRequestEvent;

The windav member is set to the windowhose size another client attempted to change. The
width and height members are set to the inside size of the wjiedduding the border.

10.12. ColormapState 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
event type wheneer a dient application:

. Changes the colormap member of K®etWindowAttributes structure by calling
XChangeWindowAttributes, XFreeColormap, or XSetWindowColormap

. Installs or uninstalls the colormap by callikgnstallColormap or XUninstallColormap

To receve ColormapNotify events, set theColormapChangeMaskbit in the eent-mask
attribute of the windw.

The structure for thisvent type contains:

typedef struct {
int type; /* ColormapNotify */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */
Window window;
Colormap colormap; /* colormap or None */
Bool new;
int state; /* Colormaplnstalled, ColormapUninstalled */

} X ColormapEvent;

The windav member is set to the windowhose associated colormap is changed, installed, or
uninstalled. Br a colormap that is changed, installed, or uninstalled, the colormap member is set
to the colormap associated with the windd-or a colormap that is changed by a calKteree-
Colormap, the colormap member is setltomne. The nev member is set to indicate whether the
colormap for the specified windovas changed or installed or uninstalled and cafrioe or

False. Ifitis True, the colormap was changed. If itkslse, the colormap was installed or
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uninstalled. Thetate member iswabys set to indicate whether the colormap is installed or unin-
stalled and can b€olormaplnstalled or ColormapUninstalled.

10.13. ClientCommunication Events
This section discusses:

. ClientMessageevents

. PropertyNotify events

. SelectionClearevents

. SelectionNotify events

. SelectionRequesevents

10.13.1. ClientMessag&vents

The X server generaté&ientMessageevents only when a client calls the functidiSendE-
vent.

The structure for thisvent type contains:

typedef struct {
int type; /* ClientMessage */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */

Window window;
Atom message_type;
int format;
union {
char b[20];
short s[10];
long I[5];
} data;
} X ClientMessageEvent;

The message_type member is set to an atom that indicat¢bdrdata 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 twenty 8-bit values, ten 16-bit val-
ues, and fig 3-bit values. Rrticular message types might not make of all thesealues. The

X server places no interpretation on the values in the windessage_type, or data members.

10.13.2. PopertyNotify Events

The X server can repoRropertyNotify events to clients wanting information about property
changes for a specified winslo

To receve PropertyNotify events, set thd’ropertyChangeMask bit in the &ent-mask attribute
of the windav.

The structure for thisvent type contains:
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typedef struct {
int type; I* PropertyNotify */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */
Window window;
Atom atom;
Time time;
int state; I* PropertyNewValue or PropertyDelete */
} X PropertyEvent;

The windav member is set to the windowhose associated property was changed. The atom
member is set to the propedy@om 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 toravadue or deleted and can BeopertyNew-

Value or PropertyDelete. The state member is setRwopertyNewValue when a property of

the windav is changed usingChangeProperty or XRotateWindowProperties (even when

adding zero-length data usiXgChangeProperty) and when replacing all or part of a property

with identical data usingChangeProperty or XRotateWindowProperties. The state member

is set toPropertyDelete when a property of the windois deleted usingKDeleteProperty or, if

the delete argument & ue, XGetWindowProperty .

10.13.3. SelectionCleaEvents

The X server reportSelectionClearevants to the client losing ownership of a selection. The X
server generates thigent type when another client asserts ownership of the selection by calling
XSetSelectionOwner

The structure for thisvent type contains:

typedef struct {
int type; [* SelectionClear */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */

Window window;
Atom selection;
Time time;

} X SelectionClearEvent;

The selection member is set to the selection atom. The time member is set to the last change time
recorded for the selection. The windanember is the winde that was specified by the current
owner (the owner losing the selection) inXSetSelectionOwnercall.

10.13.4. SelectionRequesgtvents

The X server reportSelectionRequesevents to the owner of a selection. The X server gener-
ates this eent wheneer a dient requests a selection a@rsion by callingXConvertSelection
for the owned selection.

The structure for thisvent type contains:
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typedef struct {

int type; [* SelectionRequest */

unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */

Window owner;
Window requestor;
Atom selection;
Atom target;
Atom property;
Time time;

} X SelectionRequestEvent;

The owner member is set to the windihat was specified by the current owner inX&etSelec-
tionOwner call. Therequestor member is set to the windequesting the selection. The selec-

tion member is set to the atom that names the seledtmrexample, PRIMAF is used to indi-

cate the primary selection. The target member is set to the atom that indicates the type the selec-
tion is desired in. The property member can be a property naiena The time member is

set to the timestamp @urrentTime value from theConvertSelection request.

The owner should camert the selection based on the specified target type and sesléaion-
Notify event back to the requestoA complete specification for using selections isgiin the X
Consortium standariahter-Client Communication Conventions Manual

10.13.5. SelectionNotif{fevents

This event is generated by the X server in response@omavertSelection protocol request when
there is no owner for the selection. When there is an owrshould be generated by the owner
of the selection by usingSendEvent The owner of a selection should send thenéeto a
requestor when a selection has beerveted and stored as a property or when a selection con-
version could not be performed (which is indicated by setting the property meniiden&).

If Noneis specified as the property in tB®nvertSelection protocol request, the owner should
choose a property name, store the result as that property on the requestet eiddben send a
SelectionNotify giving that actual property name.

The structure for thisvent type contains:

typedef struct {
int type; [* SelectionNotify */
unsigned long serial; [* # of last request processed by server */
Bool send_eent; [* true if this came from a SendEvent request */
Display *display; /* Display theeent was read from */

Window requestor;
Atom selection;
Atom target;
Atom property; [* atom or None */
Time time;
} X SelectionEvent;

The requestor member is set to the wimdssociated with the requestor of the selection. The
selection member is set to the atom that indicates the seleEtioexample, PRIMAF is used
for the primary selection. The target member is set to the atom that indicatesvrédoype.
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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 theersion failed, the property member is set
to None. The time member is set to the time thevansion 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 @ents

. Handle the output buffer and theeat queue

. Select @ents from the went queue

. Send and getvents

. Handle protocol errors

Note

Some toolkits use their owwent-handling functions and do not allgyou to
interchange theserent-handling functions with those in Xlildror further
information, see the documentation supplied with the toolkit.

Most applications simply arevent loops: thg wait for an &ent, decide what to do with it,
execute some amount of code that results in changes to the dsplaien wait for the next
event.

11.1. Selecting=vents

There are tw ways to select thevents you want reported to your client application. One way is
to set the eent_mask member of th€SetWindowAttributes structure when you caXCre-
ateWindow and XChangeWindowAttributes. Another way is to us¥Selectinput.

XSelectinputfisplay, w, event_mask
Display *display,
Windoww;
long event_mask

display Specifies the connection to the X server.

w Specifies the winde whose gents you are interested in.
event_mask Specifies thewent mask.

The XSelectlnput function requests that the X server report trents associated with the speci-
fied event mask. Initially X will not report aly of these gents. Ewents are reported reledi o a
window. If awindow is not interested in a deviceent, it usually propagates to the closest ances-
tor that is interested, unless the do_not_propagate mask prohibits it.

Setting the gent-mask attribute of a winawooverrides aly previous call for the same winddout
not for other clients. Multiple clients can select for the savents on the same windowith the
following restrictions:

. Multiple clients can selecvents on the same windobecause theinent masks are dis-
joint. Whenthe X server generates arest, it reports it to all interested clients.

. Only one client at a time can sel€girculateRequest, ConfigureRequest or MapRe-
quest events, which are associated with ther@ maskSubstructureRedirectMask.

. Only one client at a time can selecRasizeRequesevent, which is associated with the
event maskResizeRedirectMask
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. Only one client at a time can selecBattonPress event, which is associated with the
event maskButtonPressMask

The server reports theant to all interested clients.
XSelectInput can generate BadWindow error.

11.2. Handlingthe 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 returnv@nte Thatis, all requests
residing in the output buffer thatwearot yet been sent are transmitted to the X serveese
functions differ in the additional tasks theight perform.

To flush the output buffeuse XFlush.

XFlush (display)
Display *display;

display Specifies the connection to the X server.

The XFlush function flushes the output buffeiMost client applications need not use this func-
tion because the output buffer is automatically flushed as needed by ¢éferiding, XNex-

tEvent, 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 request liaen processed, u&sync.

XSync (display, discard)
Display *display;
Bool discard;

display Specifies the connection to the X server.

discard Specifies a Boolean value that indicates whedX®ync discards all eents on
the event queue.

The XSync function flushes the output buffer and then waits until all requesgéstkean receied
and processed by the X servémy arors generated must be handled by the error hanber
each protocol error recad by Xlib, XSync calls the client applicatios’aror handling routine
(see section 11.8.2). Arevents generated by the server are enqueued into the |beent
queue.

Finally, if you passedralse, XSync does not discard thevents in the queue. If you passed
True, XSync discards all eents in the queue, including thoseests that were on the queue
beforeXSync was alled. Clientapplications seldom need to cXiSync.

11.3. Ewent Queue Management
Xlib maintains anent queue. Howeer, the operating system also may be buffering data in its
network connection that is not yet read into thenequeue.

To check the number ofvents in the gent queue, us&XEventsQueued
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int XEventsQueuediisplay, mode

Display *display;
int mode
display Specifies the connection to the X server.
mode Specifies the modeYou can passQueuedAlready, QueuedAfterFlush, or

QueuedAfterReading

If mode isQueuedAlready, XEventsQueuedreturns the number of/ents already in thevent
gueue (and nexr performs a system call). If mode @ueuedAfterFlush, XEventsQueued
returns the number of’ents already in the queue if the number is nonzero. If there anentse
in the queueXEventsQueuedflushes the output buffesttempts to read morevents out of the
applications connection, and returns the number read. If mod@usuedAfterReading,
XEventsQueuedreturns the number ofvents already in the queue if the number is nonzero. If
there are nowents in the queueEventsQueuedattempts to read moreents out of the appli-
cation’s awnnection without flushing the output buffer and returns the number read.

XEventsQueuedalways returns immediately without 1/O if there akets already in the queue.
XEventsQueuedwith modeQueuedAfterFlush is identical in behavior t&XPending.
XEventsQueuedwith modeQueuedAlready is identical to theXQLength function.

To return the number ofvents that are pending, ug@ending.

int XPending ¢lisplay)
Display *display;

display Specifies the connection to the X server.

The XPending function returns the number ofents that hee keen receied from the X server
but havenot been remeed from the gent queue. XPending is identical toXEventsQueued
with the modeQueuedAfterFlush specified.

11.4. Manipulatingthe Event Queue

Xlib provides functions that let you manipulate therg queue. This section discussesvtio:
. Obtain events, in orderand remae them from the queue

. Peek at gents in the queue without removing them

. Obtain e/ents that match thevent mask or the arbitrary predicate procedures that you pro-
vide

11.4.1. Retuning the Next Event
To get the nexteent and remwee it from the queue, us€NextEvent.

XNextEvent (display, event_return
Display *display;
XEvent *event_return

display Specifies the connection to the X server.
ewent_return Returns the nextvent in the queue.

The XNextEvent function copies the firstvent from the gent queue into the specifieXEvent
structure and then remes it from the queue. If thevent queue is empty{NextEvent flushes
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the output buffer and blocks until aveat is receied.
To peek at thewent queue, usXPeekEvent

XPeekEent display, event_return
Display *display;
XEvent *event_return

display Specifies the connection to the X server.
ewvent_return Returns a copof the matchedwent’s associated structure.

The XPeekEventfunction returns the firstvent from the gent queue, but it does not rewsothe
event from the queue. If the queue is empfPeekEventflushes the output buffer and blocks
until an eent is recered. Itthen copies thevent into the client-supplieXXEvent structure with-
out removing it from thevent queue.

11.4.2. Selectindgevents Using a Predicate Procedure

Each of the functions discussed in this section requires you to pass a predicate procedure that
determines if anvent matches what youamt. Your predicate procedure must decide if thene

is useful without calling anXlib functions. If the predicate directly or indirectly causes the state
of the eent 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 predicagexiitban

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, event arg)
Display *display;
XEvent *event;
XPointerarg;

display Specifies the connection to the X server.
ewent Specifies thexEvent structure.
arg Specifies the argument passed in from KiéEvent, XChecklfEvent, or

XPeeklIfEvent function.

The predicate procedure is called once for eaehten the queue until it finds a match. After
finding a match, the predicate procedure must refuue. If it did not find a match, it must
return False.

To check the eent queue for a matchingent and, if found, remee the event from the queue,
useXIfEvent .
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XIfEventdisplay, event_return predicate arg)
Display *display;
XEvent *event_return
Bool (*predicate ();
XPointerarg;

display Specifies the connection to the X server.

ewvent_return Returns the matchedent’s associated structure.

predicate Specifies the procedure that is to be called to determine if the vesttie the
gueue matches what you want.

arg Specifies the user-suppliedgament that will be passed to the predicate proce-
dure.

The XIfEvent function completes only when the specified predicate procedure rduragor
an event, which indicates arvent in the queue matcheXIfEvent flushes the output buffer if it
blocks waiting for additionalvents. XIfEvent removes the matchingent from the queue and
copies the structure into the client-supplkvent structure.

To check the gent queue for a matchingent without blocking, us&XChecklIfEvent.

Bool XChecklIfEent (display, event_return predicate arg)
Display *display;
XEvent *event_return
Bool (*predicatd ();
XPointerarg;

display Specifies the connection to the X server.

ewvent_return Returns a copof the matchedwent’s associated structure.

predicate Specifies the procedure that is to be called to determine if the vesttie 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&heckIfEvent copies the matchedient into the
client-suppliedXEvent structure and returnk ue. (This event is remaed from the queue.) If
the predicate procedure finds no mat€@hecklfEvent returnsFalse, and the output buffer will
have keen flushed. All earlienvents stored in the queue are not discarded.

To dheck the gent queue for a matchingent without removing thevent from the queue, use
XPeekIfEvent.
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XPeekIfEwent (display, event_return predicate arg)
Display *display;
XEvent *event_return
Bool (*predicate ();
XPointerarg;

display Specifies the connection to the X server.

ewvent_return Returns a copof the matchedwent’s associated structure.

predicate Specifies the procedure that is to be called to determine if the vesttie the
gueue matches what you want.

arg Specifies the user-supplied argument that will be passed to the predicate proce-
dure.

The XPeekIfEvent function returns only when the specified predicate procedure réiunes
for an eent. Afterthe predicate procedure finds a madRgeekIfEvent copies the matched
event into the client-supplieXEvent structure without removing thevent from the queue.
XPeeklIfEvent flushes the output buffer if it blocks waiting for additionadres.

11.4.3. Selectindgevents Using a Windav or Event Mask

The functions discussed in this section let you selexite by windev or event types, allowing
you to processvents out of order.

To remove the next gent that matches both a wind@nd an &ent mask, useXWindowEvent.

XWindowEwent (display, w, event_maskewent_returr)
Display *display;
Windoww;
long event_mask
XEvent *event_return

display Specifies the connection to the X server.

w Specifies the winde whose gents you are interested in.
ewent_mask Specifies thevent mask.

ewvent_return Returns the matchedent’s associated structure.

The XWindowEvent function searches the@nt queue for anvent that matches both the speci-
fied windaw and event mask. When it finds a matcKWindowEvent removes that ezent from

the queue and copies it into the specifidtizent structure. Thether &ents stored in the queue
are not discarded. If a matchingeat is not in the queueWindowEvent flushes the output
buffer and blocks until one is rewed.

To remove the next gent that matches both a wind@nd an gent mask (if any), us&XCheck-
WindowEvent. This function is similar toXWindowEvent except that it neer blocks and it
returns aBool indicating if the gent was returned.
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Bool XCheckWindowEent display, w, event_maskewent_return
Display *display;
Windoww;
long event_mask
XEvent *event_return

display Specifies the connection to the X server.

w Specifies the winde whose gents you are interested in.
ewent_mask Specifies thevent mask.

ewvent_return Returns the matchedent’s associated structure.

The XCheckWindowEvent function searches theent queue and then thgeats available on
the server connection for the firsieat that matches the specified wimdand event mask. If it
finds a matchXCheckWindowEvent removes that event, copies it into the specifiedEvent
structure, and returni ue. The other gents stored in the queue are not discarded. If¢bete
you requested is novalable, XCheckWindowEvent returnsFalse, and the output buffer will
have keen flushed.

To remove the next gent that matches arvent mask, useXMaskEvent.

XMaskEwent (display, event_maskewent_return
Display *display;
long event_mask
XEvent *event_return

display Specifies the connection to the X server.

ewent_mask Specifies thevent mask.
ewvent_return Returns the matchedent’s associated structure.

The XMaskEvent function searches the@nt queue for thevents associated with the specified
mask. Wherit finds a matchXMaskEvent removes that ezent and copies it into the specified
XEvent structure. Thether &ents stored in the queue are not discarded. If¥beteou
requested is not in the qued&ylaskEvent flushes the output buffer and blocks until one is
receved.

To return and remee the next gent that matches arvent mask (if any), us&XCheck-
MaskEvent. This function is similar toMaskEvent except that it neer blocks and it returns a
Bool indicating if the gent was returned.

Bool XCheckMaskEent (display, event_maskewent_return
Display *display;
long event_mask
XEvent *event_return
display Specifies the connection to the X server.
ewent_mask Specifies thevent mask.

ewvent_return Returns the matchedent’s associated structure.

The XCheckMaskEvent function searches the&ent queue and then pevents available on the
server connection for the firstemt that matches the specified mask. If it finds a match,
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XCheckMaskEvent removes that event, copies it into the specifiedEvent structure, and
returnsTrue. The other gents stored in the queue are not discarded. Ifveeteou requested
is not available, XCheckMaskEvent returnsFalse, and the output buffer will hae been flushed.

To return and remee the next gent in the queue that matches aerd type, useXCheckType-
dEvent.

Bool XCheckTypedEent (display, event_type event_returr)
Display *display;
int event_type
XEvent *event_return

display Specifies the connection to the X server.
ewent_type Specifies thewent type to be compared.

ewvent_return Returns the matchedent’s associated structure.

The XCheckTypedEvent function searches theent queue and then pevents available on the
server connection for the firstemt that matches the specified type. If it finds a max@heck-
TypedEventremoves that event, copies it into the specifiedEvent structure, and returni ue.
The other gents in the queue are not discarded. If theneis not aailable, XCheckTypedE-
vent returnsFalse, and the output buffer will hae keen flushed.

To return and remee the next gent in the queue that matches aerd type and a winde, use
XCheckTypedWindowEvent.

Bool XCheckTypedWindowEent (display, w, event_type event_return
Display *display;
Windoww;
int event_type
XEvent *event_return

display Specifies the connection to the X server.

w Specifies the winde.
ewent_type Specifies thewent type to be compared.

ewvent_return Returns the matchedent’s associated structure.

The XCheckTypedWindowEvent function searches theent queue and then waevents avail-
able on the server connection for the firsng that matches the specified type and windd it
finds a matchXCheckTypedWindowEvent remorves the event from the queue, copies it into the
specifiedXEvent structure, and returriirue. The other gents in the queue are not discarded.
If the event is not aailable, XCheckTypedWindowEvent returnsFalse, and the output buffer
will have keen flushed.

11.5. Puttingan Event Back into the Queue
To push an eent back into theent queue, usXPutBackEvent.
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XPutBackEent (display, event)
Display *display;
XEvent *event;

display Specifies the connection to the X server.
event Specifies thewent.

The XPutBackEvent function pushes arnvent back onto the head of the displagent queue
by copying the eent into the queue. This can be useful if you readvanteand then decide that
you would rather deal with it lateiThere is no limit to the number of times in succession that
you can callXPutBackEvent.

11.6. Sending=vents to Other Applications

To nd an eent to a specified windg use XSendEvent This function is often used in selec-
tion processingFor example, the owner of a selection should XSendEventto send &5elec-
tionNotify event to a requestor when a selection has beevedsil and stored as a property.

Status XSendEsnt (display, w, propagate event_maskevent_sengl
Display *display;
Windoww;
Bool propagate
long event_mask
XEvent *event_send

display Specifies the connection to the X server.
w Specifies the winde the e/ent is to be sent to, dPainterwWindow , or InputFo-
cus.

propagate Specifies a Boolean value.
ewent_mask Specifies thevent mask.
ewent_send  Specifies thevent that is to be sent.

The XSendEventfunction identifies the destination windodetermines which clients should
receve the specifiedents, and ignores grective gabs. Thidunction requires you to pass an
event mask. For a dscussion of the validvent mask names, see section 10.3. This function uses
the w argument to identify the destination windas ollows:

. If wis PainterwWindow , the destination winde is the windav that contains the pointer.

. If wis InputFocus and if the focus windwe contains the pointethe destination windeis
the windav that contains the pointer; otherwise, the destination wiriddhe focus win-
dow.

To determine which clients should reeeithe specifiedeents, XSendEventuses the propagate
argument as follows:

. If event_mask is the empty set, theest is sent to the client that created the destination
window. If that client no longer exists, ngeat is sent.

. If propagate id-alse, the event is sent toeery client selecting on destinationyaof the
event types in theent_mask argument.

. If propagate islt ue and no clients hee slected on destination yof the ezent types in

event-mask, the destination is replaced with the closest ancestor of destination for which
some client has selected a typeverg-mask and for which no intervening wirvdbas
that type in its do-not-propate-mask. Iho such windw exists or if the windw is an
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ancestor of the focus windoand InputFocus was aiginally specified as the destination,
the event is not sent to anclients. Otherwisethe event is reported tovery client selecting
on the final destination grof the types specified irvent_mask.

The eent in the XEvent structure must be one of the covergs or one of thevents defined by

an extension (or BadValue error results) so that the X server can correctly byte-swap the con-
tents as necessaryhe contents of thevent are otherwise unaltered and unchecked by the X
server except to force sendept to Tr ue in the forwardedeent and to set the serial number in
the event correctly; therefore these fields and the display field are ignor&$egdEvent

XSendEventreturns zero if the camrsion to wire protocol format failed and returns nonzero
otherwise.

XSendEventcan generatBadValue and BadwWindow errors.

11.7. GettingPointer Motion History

Some X server implementations will maintain a more complete history of pointer motion than is
reported by eent notification. The pointer position at each pointer hardware interrupt may be
stored in a buffer for later retxd. Thisbuffer is called the motion history buffelFor example,

a few gplications, such as paint programs, want teelapecise history of where the pointer
traveled. Hawever, this historical information is highly excegsifor most applications.

To determine the approximate maximum number of elements in the motion, be&&Display-
MotionBufferSize.

unsigned long XDisplayMotionBtdrSize @isplay)
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 historyail-
able.

To get the motion history for a specified windand time, useXGetMotionEvents.

XTimeCoord *XGetMotionEents @display, w, start, stop, nevents_returh
Display *display;
Windoww;
Timestart, stop;
int *nevents_return

display Specifies the connection to the X server.

w Specifies the winde.

start

stop Specify the time interval in which theents are returned from the motion history

buffer. You can pass a timestamp@urrentTime .
nevents_returnReturns the number ofents from the motion history buffer.

The XGetMotionEvents function returns alleents in the motion history buffer that fall between

the specified start and stop times, inalasand that hae wordinates 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 futuregmis are
returned;XGetMotionEvents returns NULL. If the stop time is in the future, it is eglent to
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specifyingCurrentTime . The return type for this function is a structure defined as follows:

typedef struct {
Time time;
short x, y;
} X TimeCoord;

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 netaty the origin of the specified windo To free the
data returned from this call, u3d-ree.

XGetMotionEvents can generate BadwWindow error.

11.8. HandlingProtocol Errors

Xlib provides functions that you can use to enable or disable synchronization and to use the
default error handlers.

11.8.1. Enablingor Disabling Synchronization

When debugging X applications, it often is veryarient to require Xlib to belva g/n-

chronously so that errors are reported ag ticeur. The following function lets you disable or
enable synchronous behavidtote that graphics may occur 30 or more times more slowly when
synchronization is enabled. On POSIX-conformant systems, there is also a global vatddle
bug that, if set to nonzero before starting a program under a debugigérrce 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 (*XSetAfterFunction@isplay, 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 poit&etAfterFunction returns the
previous after function.

To enable or disable synchronization, us8ynchronize.

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 drisfTrue, XSynchronize
turns on synchronous behavidf onoff is False, XSynchronize turns of synchronous behavior.
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11.8.2. Usinghe Default Error Handlers

There are tw 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 servefThese error handlers can be changed to user-supplied routines if you
prefer your own error handling and can be changed as often aseolf Bither function is

passed a NULL pointeit will reinvoke the default handlerThe action of the default handlers is

to print an explanatory message and exit.

To =t the error handleuse XSetErrorHandler .

int (*XSetErrorHandlerandler)) ()
int (* handler) (Display *, XErrorEvent *)

handler Specifies the prograsaupplied error handler.

Xlib generally calls the prograsaupplied error handler whewer an eror is recered. 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 aterfBecausthis 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 callyaiunctions (directly or indirectly) on the display that

will generate protocol requests or that will look for inpegrgs. Theprevious error handler is
returned.

The XErrorEvent structure contains:

typedef struct {
int type;
Display *display; /* Display theeent 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 */

} X ErrorEvent;

The serial member is the number of requests, starting from one ysetiteonetwork 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 inX11/Xproto.h>. Thefollowing 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 al¢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 ament 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 eers alloca-

tion errors at a very coarse/éand is not intended to (nor can it

in practice hope to) eer al 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 ag request for this

reason, and clients should be prepared toveaach 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 dravable argument does not name a defined win-
dow or pixmap.

A value for a font argument does not name a defined fgrin(or
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 foryaof the requests, but clients
should be prepared to reeeisich errors and handle or discard
them.

The length of a request is shorter or longer than that required to
contain the gyjuments. Thigs 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
do not match those of the drable.

An InputOnly window is used as a dweable.

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 argumetype is accepted.
Any argument defined as a set of altemegitypically can gener-
ate this error (due to the encoding).

BadWindow A value for a windw argument does not name a defined win-
dow.

Note

The BadAtom, BadColor, BadCursor, BadDrawable, BadFont, BadGC, Bad-
Pixmap, and BadWindow errors are also used when the argument type is extended
by a set of fixed alternats.

To dbtain textual descriptions of the specified error code X@@etErrorText .

XGetErroriext(display, 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 bufferThe 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.

To dbtain error messages from the error databaseXGstErrorDatabaseText.
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XGetErrorDatabaseskt (display, name messge, default_string buffer_return length)
Display *display;
char *name *messge;
char *default_string
char *buffer_return;

int length;
display Specifies the connection to the X server.
name Specifies the name of the application.
messge 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. Theext 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 yantw Ifthe name and message are not in the

Host Portable Character Encoding, the result is implementation-dependent. Xlib uses three pre-
defined “application namedbo report errors. In these names, uppercase and lowercase matter.

XProtoError  Theprotocol error number is used as a string for the message argument.
XlibMessage Thesare the message strings that are used internally by the library.

XRequest Br a core protocol request, the major request protocol number is used for the
message gument. Br an extension request, the extension name yas by
InitExtension) followed by a period (.) and the minor request protocol number is
used for the messagegament. Ifno 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 exiDisglayName.

char *XDisplayNamegtring)
char *string;

string Specifies the character string.

The XDisplayName function returns the name of the display tKk&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 I/0 errors, us€SetlOErrorHandler .
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int (*XSetlOErrorHandlerfiandler))()
int (* handler)(Display *);

handler Specifies the prograsaupplied error handler.

The XSetlOErrorHandler sets the fatal I/O error handlexlib calls the prograns supplied

error handler if apsort 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 1/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 leyboard and individualéys on he leyboard

. Resume eent processing

. Move te pointer

. Set the input focus

. Manipulate the &yboard and pointer settings

. Manipulate the &yboard encoding

12.1. Pinter Grabbing

Xlib provides functions that you can use to control input from the poinkech usually is a

mouse. Usuallyas ®on as kyboard and mouserents occurthe X server deliers them to the
appropriate client, which is determined by the wimdod input focus. The X server provides
sufficient control wer event delvery to allov window managers to support mouse ahead and vari-
ous other styles of user intace. Man of these user interfaces depend on synchronousgedeli

of events. Thedelivery of pointer and &yboard &ents can be controlled independently.

When mouse buttons oeyboard leys ae grabbed,\ents will be sent to the grabbing client
rather than the normal client who would/baeceved the event. If the keyboard or pointer is in
asynchronous mode, further mouse aeybkard @ents will continue to be processed. If the
keyboard or pointer is in synchronous mode, no furtkents are processed until the grabbing
client allows them (seXAllowEvents). Thekeyboard or pointer is considered frozen during
this intenal. Theevent 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 &ent processing is frozen.

There are tw kinds of grabs: acte and passie. An active gab occurs when a single client

grabs the &yboard and/or pointer explicitly (se€GrabPointer and XGrabKeyboard). A pas-

sive gab occurs when clients grab a particuleytdoard key a pointer button in a winde, and

the grab will actrate when the &y a button is actually pressed®assive gabs are corenient for
implementing reliable pop-up menuBor example, you can guarantee that the pop-up is mapped
before the up pointer buttorent occurs by grabbing a button requesting synchronous behavior.
The down gent will trigger the grab and freeze further processing of poim@rtg until you

have the chance to map the pop-up windoYou can then allw further eent processing. The up
event will then be correctly processed relatio the pop-up winde.

For mary operations, there are functions thatdakime agument. TheX server includes a time-
stamp in variouswents. Onespecial time, calle€CurrentTime , represents the current server
time. TheX server maintains the time when the input focus was last changed, whexyttbarkl
was last grabbed, when the pointer was last grabbed, or when a selection was last cYamged.
application may be sloreacting to anwvent. You often need some way to specify that your
request should not occur if another application has in the meanwhile taken control of the
keyboard, pointeror lection. Byproviding the timestamp from theeat in the request, you
can arrange that the operation noetakect if someone else has performed an operation in the
meanwhile.
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A timestamp is a time value, expressed in milliseconds. It typically is the time since the last
server resetTimestamp values wrap around (after about 49.7 days). The,sgvearits current
time is represented by timestampalivays interprets timestamps from clients by treating half of
the timestamp space as being later in time tha@rie timestamp value, namé&iirrentTime , is
never generated by the serverhis value is reserved for use in requests to represent the current
server time.

For mary functions in this section, you pass pointeng mask bits. The valid pointevent
mask bits areButtonPressMask, ButtonReleaseMask EnterWindowMask , LeaveWindow-
Mask, PaointerMotionMask , PointerMotionHintMask , Button1MotionMask , But-
ton2MotionMask, Button3MotionMask , Button4MotionMask , Button5MotionMask , But-
tonMotionMask , and KeyMapStateMask. For other functions in this section, you pass
keymask bits. The validéymask bits areShiftMask, LockMask, ControlMask , Mod1Mask,
Mod2Mask, Mod3Mask, Mod4Mask, and Mod5Mask.

To grab the pointeruse XGrabPointer .

int XGrabPointerdisplay, grab_window owner_eventsevent_maskpointer_mode
keyboard_modeconfine_tq cursor, time)
Display *display;
Windowgrab_window
Bool owner_events
unsigned inevent_mask
int pointer_modekeyboard_mode
Windowconfine_to
Cursorcursor;
Timetime;

display Specifies the connection to the X server.
grab_window Specifies the grab windo

owner_events Specifies a Booleamalue that indicates whether the pointeergs are to be re-
ported as usual or reported with respect to the grab winfdselected by the
event mask.

ewvent_mask Specifies which pointeivents are reported to the client. The mask is the bitwise
inclusive OR of the valid pointereent mask bits.

pointer_mode Specifies further processing of pointeem®s. You can pass&rabModeSync or
GrabModeAsync.

keyboard_mod&pecifies further processing odyboard @ents. You can pas$rabModeSync
or GrabModeAsync.

confine_to Specifies the winde to confine the pointer in oNone.
cursor Specifies the cursor that is to be displayed during the grhlome.
time Specifies the timeYou can pass either a timestampQ@urrentTime .

The XGrabPointer function actvely grabs control of the pointer and retut@sabSuccessf the
grab was successful. Further pointeerdgs are reported only to the grabbing clieKtGrab-
Pointer overides ay active pinter grab by this client. If ownervents isFalse, dl generated
pointer @ents are reported with respect to grab_wind@nd are reported only if selected by
event_mask. Ifowner_eents isTrue and if a generated pointevemt would normally be
reported to this client, it is reported as usual. Otherwise véite i reported with respect to the
grab_windev and is reported only if selected byeat_mask. Br either value of ownervents,
unreported eents are discarded.
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If the pointer_mode iSsSrabModeAsync, pointer ezent processing continues as usual. If the
pointer is currently frozen by this client, the processingrefts for the pointer is resumed. If
the pointer_mode iS&rabModeSync, the state of the pointess £en by client applications,
appears to freeze, and the X server generates no further poaner entil the grabbing client
calls XAllowEvents or until the pointer grab is released. Actual pointer changes are not lost
while the pointer is frozen; there simply queued in the server for later processing.

If the keyboard_mode i€srabModeAsync, keyboard @ent processing is unaffected by acti-
vation of the grab If the keyboard_mode i$sSrabModeSync, the state of thedyboard, as seen
by client applications, appears to freeze, and the X server generates no fyboerd eents

until the grabbing client callXAllowEvents or until the pointer grab is released. Actual
keyboard changes are not lost while the pointer is frozeg;ateesimply queued in the server for
later processing.

If a cursor is specified, it is displayedjedless of what windwe the pointer is in. IfNoneis
specified, the normal cursor for that wimdis displayed when the pointer is in grab_wimdor
one of its subwindows; otherwise, the cursor for grab_windalisplayed.

If a confine_to windw is gpecified, the pointer is restricted to stay contained in that windbe
confine_to windw need hae ro relationship to the grab_windo If the pointer is not initially in
the confine_to windwm, it is warped automatically to the closest edge just before the grabiesti
and enter/lea events are generated as usual. If the confine_to windsubsequently reconfig-
ured, the pointer is warped automaticadly recessanyto keep it contained in the windo

The time argument allows you teaid certain circumstances that come up if applications sak
long time to respond or if there are long network delays. Consider a situation wher&gou ha
two gpplications, both of which normally grab the pointer when clicked on. If both applications
specify the timestamp from theeat, the second application may veakp 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 generate€nterNotify andLeaveNotify events.

Either if grab_windw or confine_to windw is not viewable or if the confine_to windolies
completely outside the boundaries of the root wmd¥GrabPointer fails and returngGrab-
NotViewable. If the pointer is actiely grabbed by some other client, it fails and returns
AlreadyGrabbed. If the pointer is frozen by an aatigab 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@rabinvalidTime . 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, and BadWindow errors.
To ungrab the pointeuse XUngrabPointer .

XUngrabPointerdisplay, time)
Display *display;
Timetime;

display Specifies the connection to the X server.
time Specifies the timeYou can pass either a timestampQ@urrentTime .

The XUngrabPointer function releases the pointer ang/ aneued eents if this client has

actively grabbed the pointer frolGrabPointer , 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. TheX server performs atngrabPointer request automatically if thevent window

or confine_to windw for an actre pointer grab becomes not weble or if windaw reconfigura-

tion causes the confine_to wivddo lie completely outside the boundaries of the root windo
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To change an acte pointer grab, us&XChangeActivePointerGrab .

XChangeActwePointerGrabdisplay, event_maskcursor, time)
Display *display;
unsigned inevent_mask
Cursorcursor;
Timetime;

display Specifies the connection to the X server.

ewvent_mask Specifies which pointervents are reported to the clierithe mask is the bitwise
inclusive OR of the valid pointereent mask bits.

cursor Specifies the cursor that is to be displayetlone.
time Specifies the timeYou can pass either a timestampQ@urrentTime .

The XChangeActivePointerGrab function changes the specified dynamic parameters if the
pointer is actiely 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 tee passi
parameters of akGrabButton . The interpretation ofvent_mask and cursor is the same as
described inXGrabPointer .

XChangeActivePointerGrab can generat®adCursor and BadValue errors.

To grab a pointer button, us€GrabButton .
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XGrabButton flisplay, button, modifiers grab_window owner_eventsevent_mask
pointer_modekeyboard_modeconfine_tg cursor)
Display *display;
unsigned inbutton;
unsigned intmodifiers
Windowgrab_window
Bool owner_events
unsigned inevent_mask
int pointer_modekeyboard_mode
Windowconfine_to

Cursorcursor;
display Specifies the connection to the X server.
button Specifies the pointer button that is to be grabbetinyButton .
modifiers Specifies the set oklgmasks orAnyModifier . The mask is the bitwise inclwsi

OR of the valid kymask bits.
grab_window Specifies the grab windo

owner_events Specifies a Boolean value that indicates whether the poweetseare to be re-
ported as usual or reported with respect to the grab winfdselected by the
event mask.

ewvent_mask Specifies which pointervents are reported to the clierithe mask is the bitwise
inclusive OR of the valid pointereent mask bits.

pointer_mode Specifies further processing of pointgems. You can pas&rabModeSync or
GrabModeAsync.

keyboard_mod&pecifies further processing odyboard eents. You can pas$rabModeSync
or GrabModeAsync.

confine_to Specifies the winde to confine the pointer in oNone.
cursor Specifies the cursor that is to be displayetlone.

The XGrabButton function establishes a passigah In the future, the pointer is aedy

grabbed (as foKGrabPointer), the last-pointer-grab time is set to the time at which the button
was pressed (as transmitted in tBaittonPress event), and theButtonPressevent 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 ae logically down, and no other buttons or modifieykae logically down.

. The grab_windw contains the pointer.
. The confine_to winda (if any) is vievable.

. A passie gab on the same buttoik combination does not exist onyaancestor of
grab_windav.

The interpretation of the remaining arguments is aXfrabPointer. The actve gab is termi-
nated automatically when the logical state of the pointer has all buttons released (independent of
the state of the logical modifieeys).

Note that the logical state of a device (as seen by client applications) may lag the physical state if
device &ent processing is frozen.

This requestwerrides all previous grabs by the same client on the same byomfkbinations

on the same winda A modifiers ofAnyModifier is equvalent to issuing the grab request for

all possible modifier combinations (including the combination of no modifiers). It is not required
that all modifiers specified @ arrently assigned &Codes. Abutton of AnyButton is
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equialent to issuing the request for all possiblgtbns. Otherwiset is not required that the
specified button currently be assigned to a physical button.

If some other client has already issuedX@rabButton with the same buttondy mmbination
on the same windg a BadAccesserror results. When usingnyModifier or AnyButton , the
request fails completelgnd aBadAccesserror results (no grabs are established) if there is a
conflicting grab for aycombination. XGrabButton has no effect on an aeti gab.

XGrabButton can generatBadCursor, BadValue, and BadWindow errors.
To ungrab a pointer button, uséJngrabButton .

XUngrabButton ¢lisplay, button, modifiers grab_window
Display *display;
unsigned inbutton;
unsigned intmodifiers
Windowgrab_window

display Specifies the connection to the X server.
button Specifies the pointer button that is to be releasethgButton .
modifiers Specifies the set oklgmasks orAnyModifier . The mask is the bitwise inclwsi

OR of the valid kymask bits.
grab_window Specifies the grab windo

The XUngrabButton function releases the passitutton/key combination on the specified win-

dow if it was grabbed by this clienA modifiers of AnyModifier is equvalent to issuing the

ungrab request for all possible modifier combinations, including the combination of no modifiers.
A button of AnyButton is equvalent to issuing the request for all possible buttoXslngrab-

Button has no effect on an ae#i gab.

XUngrabButton can generat®adValue and BadWindow errors.

12.2. Keyboard Grabbing
Xlib provides functions that you can use to grab or ungrabeiteolard as well as alloevents.

For mary functions in this section, you passyfnask bits. The validéymask bits areShift-
Mask, LockMask, ControlMask , Mod1Mask, Mod2Mask, Mod3Mask, Mod4Mask, and
Mod5Mask.

To grab the leyboard, useXGrabKeyboard .
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int XGrabKeyboard @isplay, grab_window owner_eventspointer_modekeyboard_modetime)
Display *display;
Windowgrab_window
Bool owner_events
int pointer_modekeyboard_mode
Timetime;

display Specifies the connection to the X server.
grab_window Specifies the grab windo

owner_events Specifies a Boolearale that indicates whether theykoard &ents are to be re-
ported as usual.

pointer_mode Specifies further processing of pointgem®s. You can pass&rabModeSync or
GrabModeAsync.

keyboard_mod&pecifies further processing odyboard @ents. You can pas$rabModeSync
or GrabModeAsync.

time Specifies the timeYou can pass either a timestampQ@urrentTime .

The XGrabKeyboard function actvely grabs control of thedyboard and generaté®cusin

and FocusOut events. Furthekey events are reported only to the grabbing clieKGrabKey-
board overrides a active keyboard grab by this client. If ownewents isFalse, dl generated
key events are reported with respect to grab_winddf owner_eents isTrue and if a generated
key event would normally be reported to this client, it is reported normally; otherwisey¢heis
reported with respect to the grab_windoBoth KeyPressand KeyReleaseevents are aliays
reported, independent ofyaavent selection made by the client.

If the keyboard_mode argument drabModeAsync, keyboard @ent processing continues as
usual. Ifthe keyboard is currently frozen by this client, then processinggbdard @ents is
resumed. Ithe keyboard_mode gument isGrabModeSync, the state of thedypoard (as seen
by client applications) appears to freeze, and the X server generates no fytoard eents
until the grabbing client issues a releasi@jlowEvents call or until the leyboard grab is
released. Actudteyboard changes are not lost while tlegtoard is frozen; theare simply
gueued in the server for later processing.

If pointer_mode isGrabModeAsync, pointer ezent processing is unaffected by aetion of the

grah If pointer_mode ig<srabModeSync, the state of the pointer (as seen by client applications)
appears to freeze, and the X server generates no further poanes entil the grabbing client
issues a releasingAllowEvents call or until the lkeyboard grab is released. Actual pointer
changes are not lost while the pointer is frozery #he simply queued in the server for later pro-
cessing.

If the keyboard is actiely grabbed by some other clietGrabKeyboard fails and returns
AlreadyGrabbed. If grab_windav is not viewable, it fails and return&rabNotViewable. If

the keyboard is frozen by an aeé gab of another client, it fails and retur@sabFrozen. If the
specified time is earlier than the lagtykioard-grab time or later than the current X server time, it
fails and returngsrablnvalidTime . Otherwise, the lastdyboard-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 kyboard, useXUngrabKeyboard .
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XUngrabKeyboard @display, time)
Display *display;
Timetime;

display Specifies the connection to the X server.
time Specifies the timeYou can pass either a timestampQurrentTime .

The XUngrabKeyboard function releases theeiboard and anqueued eents if this client has
it actively grabbed from eitheKGrabKeyboard or XGrabKey. XUngrabKeyboard does not
release thedyboard and anqueued eents if the specified time is earlier than the lasgHoard-
grab time or is later than the current X server time. It also gendfatesin and FocusOut
events. TheX server automatically performs avngrabKeyboard request if the went window
for an actve keyboard grab becomes not wiable.

To passvely grab a single &y d the keyboard, useXGrabKey .

XGrabKey (display, keycode modifiers grab_window owner_eventspointer_mode

keyboard_modg

Display *display;

int keycode

unsigned intmodifiers

Windowgrab_window

Bool owner_events

int pointer_modekeyboard_mode

display Specifies the connection to the X server.
keycode Specifies the KyCode orAnyKey .
modifiers Specifies the set oklgmasks orAnyModifier . The mask is the bitwise inclwsi

OR of the valid kymask bits.
grab_window Specifies the grab windo

owner_events Specifies a Boolean value that indicates whetherédieoard &ents are to be re-
ported as usual.

pointer_mode Specifies further processing of pointgems. You can pas&rabModeSync or
GrabModeAsync.

keyboard_mod&pecifies further processing odyboard eents. You can pas$rabModeSync
or GrabModeAsync.

The XGrabKey function establishes a pagsigab on the &yboard. Inthe future, the &yboard
is actvely grabbed (as foKGrabKeyboard ), the last-kyboard-grab time is set to the time at
which the ley was pressed (as transmitted in KeyPressevent), and thekeyPressevent is
reported if all of the following conditions are true:

. The keyboard is not grabbed and the specified fvhich can itself be a modifieel) is
logically pressed when the specified modifieyskare logically down, and no other modi-
fier keys ae logically down.

. Either the grab_windwm is an ancestor of (or is) the focus windpor the grab_windw is a
descendant of the focus wind@nd contains the pointer.

. A passie gab on the sameely cmmbination does not exist onyaancestor of grab_win-
dow.
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The interpretation of the remaining arguments is aXferabKeyboard . The actve gab is ter-
minated automatically when the logical state of tbgbkard has the specifiegkreleased (inde-
pendent of the logical state of the modifiey®).

Note that the logical state of a device (as seen by client applications) may lag the physical state if
device &ent processing is frozen.

A modifiers argument oAnyModifier is equvalent to issuing the request for all possible modi-
fier combinations (including the combination of no modifiers). It is not required that all modifiers
specified hee arrently assigned &Codes. Akeycode argument oAnyKey is equvalent to

issuing the request for all possibleyCodes. Otherwiseghe specified &ycode must be in the

range specified by minelgcode and max_dycode in the connection setup, oBadValue error
results.

If some other client has issueK&rabKey with the same &y cmmbination on the same win-

dow, aBadAccesserror results. When usinrgnyModifier or AnyKey, the request fails com-
pletely and aBadAccesserror results (no grabs are established) if there is a conflicting grab for
ary combination.

XGrabKey can generat®adAccess BadValue, and BadWindow errors.
To ungrab a ky, use XUngrabKey .

XUngrabkey (display, keycode modifiers grab_window
Display *display;
int keycode
unsigned intmodifiers
Windowgrab_window

display Specifies the connection to the X server.
keycode Specifies the KyCode orAnyKey .
modifiers Specifies the set oklgmasks orAnyModifier . The mask is the bitwise inclwsi

OR of the valid kymask bits.
grab_window Specifies the grab windo

The XUngrabKey function releases theeit ombination on the specified windaf it w as

grabbed by this client. It has no effect on anveatrah A maodifiers ofAnyModifier is equiv-

alent to issuing the request for all possible modifier combinations (including the combination of
no maodifiers).A keycode argument oAnyKey is equvalent to issuing the request for all possi-
ble key wodes.

XUngrabKey can generat8adValue and BadwWindow errors.

12.3. Resumingevent Processing

The previous sections discussed grab mechanisms with which processiagt®by the server
can be temporarily suspended. This section describes the mechanism for resentipgeess-
ing.

To dlow further &ents to be processed when the device has been frozeXAllee/Events.
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XAllowEvents @display, event_modetime)
Display *display;
int event_mode
Timetime;

display Specifies the connection to the X server.

ewent_mode Specifies thevent mode. You can passAsyncPointer, SyncPointer, AsyncK-
eyboard, SyncKeyboard, ReplayPointer, ReplayKeyboard, AsyncBoth, or
SyncBoth.

time Specifies the timeYou can pass either a timestampQ@urrentTime .

The XAllowEvents function releases some queueergs if the client has caused a device to

freeze. Ithas no effect if the specified time is earlier than the last-grab time of the most recent
active gab for the client or if the specified time is later than the current X server time. Depending
on the gent_mode argument, the following occurs:

AsyncPointer If the pointer is frozen by the client, pointeest processing continues
as usual. If the pointer is frozen twice by the client on behalf otbp-
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.

SyncPointer If the pointer is frozen and aedly grabbed by the client, pointevent
processing continues as usual until the rBaxttonPressor ButtonRe-
leaseevent is reported to the client. At this time, the pointer again
appears to freeze. Howee, if the reported\ent causes the pointer grab
to be released, the pointer does not fre€xgncPointer has no effect if
the pointer is not frozen by the client or if the pointer is not grabbed by
the client.

ReplayPointer If the pointer is actiely grabbed by the client and is frozen as the result
of an event having been sent to the client (either from thevaodin of an
XGrabButton or from a previous<AllowEvents with modeSync-
Painter but not from anXGrabPointer ), the pointer grab is released
and that eent is completely reprocessed. This time, hesvethe func-
tion ignores ay passve gabs at or abee toward the root of) the
grab_windav 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 eent.

AsyncKeyboard If the keyboard is frozen by the cliente¥board &ent processing contin-
ues as usual. If theelgboard is frozen twice by the client on behalf of
two separate grabsAsyncKeyboard thaws for both. AsyncKeyboard
has no effect if thedyboard is not frozen by the client, but tretxoard
need not be grabbed by the client.

SyncKeyboard If the keyboard is frozen and ae#ly grabbed by the clientgyboard
event processing continues as usual until the kextPressor KeyRe-
leaseevent is reported to the client. At this time, theylkoard again
appears to freeze. Howee, if the reported\ent causes thegyboard
grab to be released, theyboard does not freezeSyncKeyboard has
no effect if the kyboard is not frozen by the client or if theykoard is
not grabbed by the client.
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ReplayKeyboard If the keyboard is actiely grabbed by the client and is frozen as the
result of an eent having been sent to the client (either from the acti-
vation of anXGrabKey or from a previous<AllowEvents with mode
SyncKeyboard but not from anXGrabKeyboard ), the leyboard grab
is released and thatemt is completely reprocessed. This time, hesve
the function ignores grpassve gabs at or abee toward the root of)
the grab_winde of the grab just released. The request has no effect if
the leyboard is not grabbed by the client or if trestboard is not frozen
as the result of arvent.

SyncBoth If both pointer and &yboard are frozen by the clienyjeat processing
for both devices continues as usual until the mBextonPress, Button-
Release KeyPress or KeyReleaseevent is reported to the client for a
grabbed device (buttorvent for the pointerkey event for the leyboard),
at which time the devices again appear to freeze. Hawiéthe
reported eent causes the grab to be released, then the devices do not
freeze (but if the other device is still grabbed, then a subsequesnter
it will still cause both devices to freeze$yncBoth has no effect unless
both pointer anddyboard are frozen by the client. If the pointer or
keyboard is frozen twice by the client on behalf obtsgparate grabs,
SyncBoth thaws for both (but a subsequent freezeSgncBoth will
only freeze each device once).

AsyncBoth If the pointer and thedyboard are frozen by the clienyjeat processing
for both devices continues as usual. If a device is frozen twice by the
client on behalf of tw separate grabsAsyncBoth thaws for both.
AsyncBoth has no effect unless both pointer aegidoard are frozen by
the client.

AsyncPointer, SyncPointer, and ReplayPointer have ro &fect on the processing oéyboard

events. AsyncKeyboard, SyncKeyboard, and ReplayKeyboard have ro efect on the process-

ing of pointer gents. Itis possible for both a pointer grab andegtioard grab (by the same or
different clients) to be aet smultaneously If a device is frozen on behalf of either grab, no

event processing is performed for thevibe. 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, then Alsingle
Events releases both.

XAllowEvents can generate BadValue error.

12.4. Muwing the Pointer
Although maement of the pointer normally should be left to the control of the endsosee-
times it is necessary to m@the pointer to a e position under program control.

To move he pointer to an arbitrary point in a windause XWarpPointer .
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XWarpPointerdisplay, src_w, dest_w src_x, src_y, src_width src_heighf dest_x
dest
Display *display;
Windowsrc_w, dest_w
int src_x src_y,
unsigned insrc_width src_height
int dest_x dest_y

display Specifies the connection to the X server.

Src_w Specifies the source winda@r None.

dest_w Specifies the destination wingd@r None.

SIc_x

src_y

src_width

src_height Specify a rectangle in the source windo

dest_x

dest_y Specify the x and y coordinates within the destination windo

If dest_w isNone, XWarpPointer moves the pointer by the offsets (dest_x, dest_y) redaih

the current position of the pointelf dest_w is a winde, XWarpPointer moves the pointer to

the offsets (dest_x, dest_y) relatio the origin of dest_ wHowevae, if src_w is a windw, the
maove aly takes place if the windosrc_w contains the pointer and if the specified rectangle of
src_w contains the pointer.

The src_x and src_y coordinates are redath the origin of src_w If src_height is zero, it is
replaced with the current height of src_w minus srdf grc_width is zero, it is replaced with the
current width of src_w minus src_x.

There is seldom areason for calling this function. The pointer should normally be left to the
user If you do use this function, howe, it generateswents just as if the user had instanta-
neously meed the pointer from one position to anoth&fote that you cannot us@/\arp-

Painter to move the pointer outside the confine_to wimdof an active pointer grab An atempt

to do so will only mwee the pointer as far as the closest edge of the confine_towvindo

XWarpPointer can generate BadWindow error.

12.5. Contwlling 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 Manta input focus polig.

To st the input focus, us¥SetinputFocus.
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XSetlnputfocus display, focus revert_to, time)

Display *display;
Windowfocus
int revert_to;
Timetime;
display Specifies the connection to the X server.
focus Specifies the winde, PainterRoot, or None.
revert_to Specifies where the input focus/eds to if the winda becomes not vieable.
You can pasRevertToParent, RevertToPointerRoot , or RevertToNone.
time Specifies the timeYou can pass either a timestampQ@urrentTime .

The XSetInputFocus 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 specifiedumme (
rentTime is replaced by the current X server tim&SetinputFocus causes the X server to
generatd~ocusin and FocusOut events.

Depending on the focus argument, the following occurs:

. If focus isNone, dl keyboard &ents are discarded until améocus windav is st, and the
revert_to argument is ignored.
. If focus is a winda, it becomes thedyboards focus windw. If a generated &yboard

event would normally be reported to this windor one of its inferiors, thewent is
reported as usual. Otherwise, tiverd is reported relate o the focus windw.

. If focus isPainterRoot, the focus windw is dynamically taken to be the root windamf
whatever screen the pointer is on at eadhfioard @ent. Inthis case, the vert_to argu-
ment is ignored.

The specified focus winelomust be vigvable at the timeXSetinputFocusis called, or é8Bad-
Match error results. If the focus windolater becomes not vieble, the X servenaluates the
revert_to argument to determine theanBocus windav as bllows:

. If revet_to is RevertToParent, the focus reerts to the parent (or the closestwable
ancestor), and the werevet_to value is taken to bRevertToNone.
. If revat_to is RevertToPointerRoot or RevertToNone, the focus reerts to PointerRoot

or None, respectiely. When the focus kerts, the X server generatéscusin and Focu-
sOut events, but the last-focus-change time is not affected.

XSetlnputFocus can generat®adMatch, BadValue, and BadWindow errors.
To dbtain the current input focus, u¥&etinputFocus.

XGetlnputFocus @isplay, focus_returnrevert_to_return

Display *display;

Windaw *focus_return

int *revert_to_return
display Specifies the connection to the X server.
focus_return Returns the focus winep PointerRoot, or None.

revert_to_returiReturns the current focus staiReyertToParent, RevertToPointerRoot, or Re-
vertToNone).

The XGetlnputFocus function returns the focus windoand the current focus state.

242



Xlib = C Library libX11 1.3.2

12.6. Manipulating the Keyboard and Pointer Settings

Xlib provides functions that you can use to change éybdard control, obtain a list of the auto-
repeat kys, turn leyboard auto-repeat on or off, ring the bell, set or obtain the pointer button or
keyboard mapping, and obtain a bit vector for thgbloard.

This section discusses the user-preference options of &gldiék, pointer behavigrand so on.
The default values for mgrof these options are server dependent. Not all implementations will
actually be able to control all of these parameters.

The XChangeKeyboardControl function changes control of @yoard and operates on a
XKeyboardControl structure:

/* Mask bits for Change#&yboardControl */

#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, LedModefOf/
int key;
int auto_repeat_mode; I* AutoRepeatModeOff, AutoRepeatModeOn,
AutoRepeatModeDefault */
} X KeyboardControl,

The key_click_percent member sets the volume fey Kicks between 0 (off) and 100 (loud)
inclusive, if possible. Asetting of —1 restores the deft. Othemegaive values generate Bad-
Value error.

The bell_percent sets the base volume for the bell between 0 (off) and 100 (loudyenitlusi
possible. Asetting of —1 restores the deft. Othemegdive values generate BadValue error.
The bell_pitch member sets the pitch (specified in Hz) of the bell, if posé#ilgetting of —1
restores the datilt. Othemegative values generate BadValue error. The bell_duration mem-
ber sets the duration of the bell specified in milliseconds, if posshoetting of —1 restores the
default. Othemegative values generate BadValue 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. Nostandard interpretation of LEDs is defined. If led is specified without led_mode, a
BadMatch error results.

If both the auto_repeat_mode areykrembers are specified, the auto_repeat_mode ofelyas k
changed (according tAutoRepeatModeOn AutoRepeatModeOff, or AutoRepeatModeDe-
fault), if possible. If only auto_repeat_mode is specified, the global auto_repeat_mode for the
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entire leyboard is changed, if possible, and does not affect thegyesekings. Ifa key is eci-

fied without an auto_repeat_modeBadMatch error results. Eachdy 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 mode isutoRepeatModeOn keys should obg their individual auto-repeat

modes. Wheuglobal mode isAutoRepeatModeOff, no keys should auto-repeat. An auto-

repeating ky generates alternatingeyPressand KeyReleaseevents. Whera key is uised as a
modifier, it is desirable for the &y rot to auto-repeat, gerdless of its auto-repeat setting.

A bell generator connected with the console but not directly @yt@okrd is treated as if it were
part of the keyboard. Theorder in which controls are verified and altered is seatependent. If
an error is generated, a subset of the controls magy/tiean altered.

XChangelkeyboardControldisplay, value_maskvalueg
Display *display;
unsigned longalue_mask
XKeyboardControl Yalues

display Specifies the connection to the X server.

value_mask Specifies which controls to chang€his mask is the bitwise inclug OR of the
valid control mask bits.

values Specifies one value for each bit set to 1 in the mask.

The XChangeKeyboardControl function controls thedyboard characteristics defined by the
XKeyboardControl structure. Thevalue_mask argument specifies which values are to be
changed.

XChangeKeyboardControl can generat@adMatch and BadValue errors.
To dbtain the current control values for theykoard, useXGetKeyboardControl .
XGetKeyboardControldisplay, values_returi

Display *display;
XKeyboardState values_return

display Specifies the connection to the X server.
values_return Returns the currenteyboard controls in the specifiedkeyboardState struc-
ture.

The XGetKeyboardControl function returns the current control values for tegbloard 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];
} X KeyboardState;
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For the LEDs, the least significant bit of led_mask corresponds to LED one, and each bit set to 1
in led_mask indicates an LED that is lit. The global_auto_repeat member can bAs®iRe-
peatModeOn or AutoRepeatModeOff. The auto_repeats member is a bit vectach bit set

to 1 indicates that auto-repeat is enabled for the corresporgingtke vector is represented as

32 bytes. Byte N (from 0) contains the bits feyk 8N to 8N + 7 vith the least significant bit in

the byte representingeig 8\.

To turn on lkeyboard auto-repeat, uséAutoRepeatOn.
XAutoRepeatOndisplay)
Display *display;
display Specifies the connection to the X server.
The XAutoRepeatOn function turns on auto-repeat for theykoard on the specified display.
To turn off keyboard auto-repeat, uséAutoRepeatOff.
XAutoRepeatOf( display)
Display *display;
display Specifies the connection to the X server.
The XAutoRepeatOff function turns dfauto-repeat for thedyboard on the specified display.

To ring the bell, useXBell.

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 welusi

The XBell function rings the bell on theeboard on the specified displafpossible. Thepeci-
fied volume is relatie o the base volume for theelboard. Ifthe value for the percent argument
is not in the range —100 to 100 inckesia BadValue error results. The volume at which the bell
rings when the percent argument is n@aige is:

base — [(base * percent) / 100] + percent
The volume at which the bell rings when the percent argumengaveeis:
base + [(base * percent) / 100]
To change the base volume of the bell, ¥€&hangeKeyboardControl.
XBell can generate BadValue error.

To dbtain a bit vector that describes the state of dybdard, useXQueryKeymap.
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XQueryKeymap display, keys_return)
Display *display;
charkeys_returi32];

display Specifies the connection to the X server.

keys_return  Returns an array of bytes that identifies whielyskae pressed den. Eachbit
represents oneel d the keyboard.

The XQueryKeymap function returns a bit vector for the logical state of tegbkard, where
each bit set to 1 indicates that the correspondéygskaurrently pressed @en. Thevector is rep-
resented as 32 bytes. Byte N (from 0) contains the bitsef@r®N to 8N + 7 vith the least sig-
nificant bit in the byte representingyk8\.

Note that the logical state of a device (as seen by client applications) may lag the physical state if
device ®ent processing is frozen.

To st the mapping of the pointer buttons, &s&etPointerMapping.

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 pointé#rit 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 &&etPointerMapping would return, or é8BadValue error results.A zero

element disables a button, and elements are not restricted in value by the number of physical but-
tons. Havever, no two dements can hae the same nonzero value, oBadValue error results.

If any of the buttons to be altered are logically in the down s¥&etPointerMapping returns
MappingBusy, and the mapping is not changed.

XSetPointerMapping can generate BadValue error.
To get the pointer mapping, usésetPointerMapping .

int XGetPointerMappingdisplay, map_returnnmap
Display *display;
unsigned chamap_returrj];
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 pointginter buttons
are numbered starting from on¥GetPointerMapping returns the number of physical buttons
actually on the pointerThe nominal mapping for a pointer is map[i]=i+1. The nmap argument
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specifies the length of the array where the pointer mapping is returned, and only the first nmap
elements are returned in map_return.

To oontrol the pointes interactve feel, useXChangePointerControl.

XChangePointerControtifsplay, 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 #heeg for the accel_numera-

tor or accel_denominator are used.

do_threshold Specifies a Boolean value that controls whether the value for the threshold is
used.

accel_numerat@pecifies the numerator for the acceleration multiplier.

accel_denominator
Specifies the denominator for the acceleration multiplier.

threshold Specifies the acceleration threshold.

The XChangePointerControl function defines he the pointing device mes. Theaccelera-

tion, expressed as a fraction, is a multiplier fovemeent. For example, specifying 3/1 means the
pointer maes three times as fast as normal. The fraction may be rounded arbitrarily by the X
server Acceleration only takes effect if the pointerve®nore than threshold pixels at once and
only applies to the amount beyond the value in the threshgloinent. Setting value to -1
restores the datilt. Thevalues of the do_accel and do_threshold arguments muBtuzefor

the pointer values to be set, or the parameters are unchanggivéNalues (other than —-1)
generate 8adValue error, as aes a zero value for the accel_denominator argument.

XChangePointerControl can generate BadValue error.
To get the current pointer parameters, ¥&&etPointerControl .

XGetPointerControldisplay, accel_numerator_returraccel_denominator_retutn
threshold_return
Display *display;
int *accel_numerator_returyfaccel _denominator_retutn
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_returReturns the acceleration threshold.

The XGetPointerControl function returns the pointerturrent acceleration multiplier and accel-
eration threshold.
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12.7. Manipulating the Keyboard Encoding

A KeyCode represents a physical (or logicay. kkKeyCodes lie in the incluge 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-dependerdghion. Thanapping betweendys and KeyCodes cannot be changed.

A KeySym is an encoding of a symbol on the cap aéya Khe set of defined &/Syms includes

the ISO Latin character sets (1-4), Katakana, Arabic, Cyrillic, Greek, Technical, Special, Publish-
ing, APL, Hebrey, Thai, Korean and a miscelkaof keys found on keyboards (Return, Help, Tab,

and so on).To the extent possible, these sets arevagifirom international standards. In areas
where no standards exist, some of these sets avediom Digital Equipment Corporation
standards. Thest of defined symbols can be found iIKKl/keysymdef.l». Unfortunately

some C preprocessorsvedimits on the number of defined symbols. If you must usgSms

not in the Latin 1-4, Greek, and miscellaneous classes, you mayldefine a symbol for those

sets. Mostpplications usually only includexd 1/keysym.h>, which defines symbols for ISO

Latin 1-4, Greek, and miscellaneous.

A list of KeySyms is associated with eackyCode. Thdist is intended to corey the set of
symbols on the correspondingyk If the list (ignoring trailingNoSymbol entries) is a single
KeySym “K”, then the list is treated as if it were the ligt NoSymbolK NoSymbol'. If the list
(ignoring trailingNoSymbol entries) is a pair of &/Syms “K1 K2’ , then the list is treated as if
it were the list ‘K1 K2 K1 KZ . If the list (ignoring trailingNoSymbol entries) is a triple of
KeySyms “K1 K2 K3', then the list is treated as if it were the ligt1' K2 K3NoSymbol”.

When an explicit “void’ element is desired in the list, the valMeidSymbol can be used.

The first four elements of the list are split int@tgroups of kySyms. Grouf contains the first

and second &ySyms; Group 2 contains the third and fourgtyByms. Wthin 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 alpbgbgtic K

“ K” f or which both lowercase and uppercase forms are defined. In that case, the group should be
treated as if the first element were the lowercase formKdBnhd the second element were the
uppercase form ofK” .

The standard rules for obtaining aysym from aKeyPressevent male use of only the Group 1

and Group 2 KySyms; no interpretation of otheeSyms in the list is gien. Whichgroup to

use is determined by the modifier state. Switching between groups is controlled leySyenK
named MODE SWITCH, by attaching tha¢ySym to some KyCode and attaching that

KeyCode to ay one of the modifierdlod1 throughMod5. This modifier is called thgroup

modifier. For ary KeyCode, Group 1 is used when the group modifier is off, and Group 2 is used
when the group maodifier is on.

The Lock modifier is interpreted as CapsLock when tley3ym named XK_Caps_Lock is
attached to somed{Code and that &/Code is attached to theock modifier The Lock modi-
fier is interpreted as ShiftLock when they6ym named XK_Shift_Lock is attached to some
KeyCode and that &/Code is attached to theock modifier. If the Lock modifier could be
interpreted as both CapsLock and ShiftLock, the CapsLock interpretation is used.

The operation of &ypad leys is ontrolled by the KKySym named XK_Num_Lock, by attaching
that KeySym to some KyCode and attaching thaeCode to ayp one of the modifierdfod1
throughMod5. This modifier is called theumlo& modifier. The standard &Syms with the
prefix “XK_KP_"" in their name are callecepad KeySyms; these aredySyms with numeric
value in the hexadecimal range 0xFF80 to OXFFBD ine&isin addition, vendor-specific
KeySyms in the hexadecimal range 0x11000000 to Ox1100FFFF areegbsm keySyms.

Within a group, the choice ofégSym is determined by applying the first rule that is satisfied
from the following list:

. The numlock modifier is on and the secore/8ym is a kypad KeySym. Inthis 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 secorey/8ym is used.
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. The Shift andLock modifiers are both &f In this case, the firsté{/Sym is used.

. The Shift modifier is off, and thé.ock modifier is on and is interpreted as CapsLock. In
this case, the firstéySym is used, but if thaté¢/Sym is lowercase alphabetic, then the cor-
responding uppercasesiSym is used instead.

. The Shift modifier is on, and theock modifier is on and is interpreted as CapsLock. In
this case, the secona¥Sym is used, but if thatdySym is lowercase alphabetic, then the
corresponding uppercase¥Sym is used instead.

. The Shift modifier is on, or the.ock modifier is on and is interpreted as ShiftLock, or
both. Inthis case, the secon&¥Sym is used.

No spatial geometry of the symbols on tley ks defined by their order in thedySym list,

although a geometry might be defined on a server-specific basis. The X server does not use the
mapping between éCodes and KySyms. Ratheiit merely stores it for reading and writing by
clients.

To dbtain the Igd KeyCodes for a displayse XDisplayKeycodes

XDisplayKeycodes (lisplay, min_leycodes_returnmax_leycodes_returi
Display *display;
int *min_leycodes_return* max_leycodes_return

display Specifies the connection to the X server.

min_leycodes_return
Returns the minimum number okiCodes.

max_leycodes_return
Returns the maximum number oéyCodes.

The XDisplayKeycodesfunction returns the mindycodes and maxeycodes supported by the
specified display The minimum number of &/Codes returned is wer less than 8, and the maxi-
mum number of KyCodes returned is wer greater than 255. Not allé¢Codes in this range are
required to hee mrresponding &ys.

To dbtain the symbols for the specifie@yCodes, usXGetKeyboardMapping .

KeySym *XGetKeyboardMappingdisplay, first_keycode keycode_count
keysyms_per_dycode_return)
Display *display;
KeyCodefirst_keycode
int keycode_count
int *keysyms_per_dycode_return

display Specifies the connection to the X server.
first_keycode Specifies the first &Code that is to be returned.
keycode_countSpecifies the number ofdgCodes that are to be returned.

keysyms_per_dycode_return
Returns the number ofdySyms per keyCode.

The XGetKeyboardMapping function returns the symbols for the specified number of
KeyCodes starting with first dycode. Thevalue specified in first_dycode must be greater than
or equal to min_&ycode as returned byDisplayKeycodes or aBadValue error results. In
addition, the following expression must be less than or equal to eyrode as returned by
XDisplayKeycodes
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first_keycode + leycode_count — 1
If this is not the case, BadValue error results. The number of elements in tleg3yms list is:
keycode_count * kysyms_per_&ycode_return

KeySym number N, counting from zero, foeyCode K has the following inaén the list, count-
ing from zero:

(K — first_code) * leysyms_per_code_return + N

The X server arbitrarily chooses theykyms_per_&ycode_return value to be large enough to
report all requested symbolé special KeySym value ofNoSymbolis used to fill in unused ele-
ments for individual I€yCodes. © free the storage returned BysetKeyboardMapping, use
XFree.

XGetKeyboardMapping can generate BadValue error.
To change the &board mapping, us¥ChangeKeyboardMapping.

XChangeleyboardMappingdisplay; first_keycode keysyms_per_dycode keysymsnum_codek
Display *display;
int first_keycode
int keysyms_per_dycode
KeySym *keysyms
int num_codes

display Specifies the connection to the X server.
first_keycode Specifies the first &Code that is to be changed.

keysyms_per_dycode
Specifies the number ofegSyms per kyCode.

keysyms Specifies an array ofdgSyms.
num_codes Specifies the number ofégCodes that are to be changed.

The XChangeKeyboardMapping function defines the symbols for the specified number of
KeyCodes starting with first dycode. Thesymbols for KeyCodes outside this range remain
unchanged. Theumber of elements iresyms must be:

num_codes * &syms_per_&ycode

The specified first_dycode must be greater than or equal to maéycéde returned b¥XDis-
playKeycodes or aBadValue error results. In addition, the following expression must be less
than or equal to maxelcode as returned byDisplayKeycodes or a BadValue error results:

first_keycode + num_codes - 1

KeySym number N, counting from zero, foeyCode K has the following inaten keysyms,
counting from zero:

(K - first_keycode) * leysyms_per_&ycode + N

The specified &ysyms_per_&ycode can be chosen arbitrarily by the client to be large enough to
hold all desired symbolsA special KeySym value oNoSymbol should be used to fill in unused
elements for individual ByCodes. lis legd for NoSymbol to appear in nontrailing positions of
the effectve list for a KeyCode. XChangeKeyboardMapping generates 8MappingNotify

event.
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There is no requirement that the X server interpret this mapping. It is merely stored for reading
and writing by clients.

XChangeKeyboardMapping can generat®adAlloc and BadValue errors.
The next six functions makuse of theXModifierKeymap data structure, which contains:

typedef struct {
int max_leypermod, [*This servers max number of &ys per modifier */
KeyCode *modifiermap; /* An 8 by maxelgpermod array of the modifiers */
} X ModifierKeymap;

To aeate anXModifierKeymap structure, us&XNewModifiermap .

XModifierKeymap *XNewModifiermapax_leys_per_modl
int max_leys_per_mod

max_leys_per_mod
Specifies the number ofegCode entries preallocated to the modifiers in the
map.

The XNewModifiermap function returns a pointer t§ModifierKeymap structure for later use.
To add a n&v entry to anXModifierKeymap structure, us&InsertModifiermapEntry .

XModifierKeymap *XInsertModifiermapEntryiodmapkeycode_entrymodifier)
XModifierKeymap *modmap
KeyCodekeycode_entry
int modifier,

modmap Specifies theXModifierKeymap structure.

keycode_entry Specifies the KyCode.

modifier Specifies the modifier.

The XlnsertModifiermapEntry function adds the specifieceCode to the set that controls the
specified modifier and returns the resultkiglodifierKeymap structure (expanded as needed).

To celete an entry from aKModifierKeymap structure, usXDeleteModifiermapEntry .

XModifierKeymap *XDeleteModifiermapEntryilodmapkeycode_entrymodifier)
XModifierKeymap *modmap
KeyCodekeycode_entry
int modifier,

modmap Specifies theXModifierKeymap structure.

keycode_entry Specifies the KyCode.

modifier Specifies the modifier.

The XDeleteModifiermapEntry function deletes the specifie@yCode from the set that con-
trols the specified modifier and returns a pointer to the resfihgdifierKeymap structure.

To destroy an XModifierKeymap structure, us&XFreeModifiermap .
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XFreeModifiermapodmay)
XModifierKeymap *modmap

modmap Specifies theXModifierKeymap structure.
The XFreeModifiermap function frees the specifiedModifierKeymap structure.
To =t the KeyCodes to be used as modifiers, ¥SetModifierMapping .

int XSetModifierMappingdisplay, modmayp)
Display *display;
XModifierKeymap *modmap

display Specifies the connection to the X server.
modmap Specifies theXModifierKeymap structure.

The XSetModifierMapping function specifies the é&/Codes of the &ys (if any) that are to be

used as modifiers. If it succeeds, the X server generdfieppingNotify event, andXSetMod-
ifierMapping returnsMappingSuccess X permits at most 8 modifieelgs. If more than 8 are
specified in theXModifierKeymap structure, aBadLength error results.

The modifiermap member of théModifierKeymap structure contains 8 sets of maryjer-
mod KeyCodes, one for each modifier in the or@ift, Lock, Control, Mod1, Mod2, Mod3,
Mod4, and Mod5. Only nonzero KyCodes hae meaning in each set, and zereyKodes are
ignored. Inaddition, all of the nonzerod¢Codes must be in the range specified by negcéde
and max_kycode in theDisplay structure, or 88adValue error results.

An X server can impose restrictions omhmodifiers can be changed, for example, if certain

keys do not generate up transitions in hardware, if auto-repeat cannot be disabled onegsttain k
or if multiple modifier leys ae not supported. If some such restriction is violated, the status
reply is MappingFailed, and none of the maodifiers are changed. If thw HeyCodes specified

for a modifier differ from those currently defined ang @xurrent or new) &ys for that modifier

are in the logically down statXSetModifierMapping returnsMappingBusy, and none of the
modifiers is changed.

XSetModifierMapping can generatBadAlloc and BadValue errors.

To dbtain the KyCodes used as modifiers, us&etModifierMapping .

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 theys being used as modifiers. The structure should be freed after use
by calling XFreeModifiermap. If only zero values appear in the set foy amodifier, 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 nati
languages, local customs, and character string encodings. The process of adapting the operation
to a particular nate language, local custom, or string encoding is cadledlization. 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 Meth¥@K ) functional interface for
internationalized 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 hee dfferent encodings, and there aree 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 enronment. Thenultibyte and wide character functions are egeint 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), byt nheeke it possible to imple-
ment applications that work in limited fashion with more than one language in independent con-
texts.

The remainder of this chapter discusses:
. X locale management

. Locale and modifier dependencies
. Variable argument lists

. Output methods

. Input methods

. String constants

13.1. XLocale Management

X supports one or more of the locales defined by the hegbement. Onimplementations that
conform to the ANSI C librarythe locale announcement methogélocale This function con-
figures the locale operation of both the host C library and Ailie operation of Xlib is geerned
by the LC_CTYPE category; this is called therent locale An implementation is permitted to
provide implementation-dependent mechanisms for announcing the locale in addsébioto
cale.
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On implementations that do not conform to the ANSI C librtagy 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.

X is not required to support all the locales supported by the Hostietermine if the current
locale is supported by X, us€SupportsLocale.

Bool XSupportsLocalg)

The XSupportsLocale function returnsIr ue if Xlib functions are capable of operating under the
current locale. If it returngalse, Xlib locale-dependent functions for which tkéocaleNot-
Supported return status is defined will retudiocaleNotSupported. Other Xlib locale-depen-
dent routines will operate in the “Q'ocale.

The client is responsible for selecting its locale and X modifiers. Clients should provide a means
for the user toerride the clients’ locale selection at cliemtagation. Mostsingle-display X

clients operate in a single locale for both X and the host processingrenent. Thg will con-

figure the locale by calling three functions: the host locale configuration fungBupportsLo-

cale, and XSetLocaleModjfiers.

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 oneeal styles of kyboard

input method.

To oconfigure Xlib locale modifiers for the current locale, X&etl ocaleModifiers.

char *XSetLocaleModifiergiodifier_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, whereategoryis a category name and
valueis the (possibly empty) setting for that categofie values are encoded in the current
locale. Catgory 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 usedvelf a gi
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. Ifmodifier_list is a NULL pointerXSetLocaleModifiers also returns a pointer to such

a dring, and the current locale modifiers are not changed.

If invalid values are gien 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. Whener the locale is changed, the modifiers that are in effect become unspecified
until the next successful call to set them. Clients showeyal call XSetLocaleModifiers with
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a ron-NULL modifier_list after setting the locale beforeytleall ary locale-dependent Xlib rou-
tine.

The only standard modifier category currently defined is “im”, which identifies the desired input
method. Thevalues for input method are not standardiz&dsingle 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 specifiedviscale, o
ing ary category-specific settings in the local host environment.

13.2. Localeand Modifier Dependencies

The internationalized Xlib functions operate in the current locale configured by the host environ-
ment and X locale modifiers set BySetL ocaleMadifiers or in the locale and modifiers config-

ured at the time some object supplied to the function was crefatedach locale-dependent
function, the following table describes the locale (and modifiers) dependency:

Locale from Affectsthe 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

Text Input:
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Locale from Affectsthe Function In

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 iXXFontSet

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 thedlis.

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 behae & if they do not change the current locale or X modifier setting. (This
means that if thedo change locale or cakKSetLocaleModifiers with a non-NULL argument,

they must sae and restore the current state on entry axitl)eAlso, 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, and strtok .

13.3. \ariable Argument Lists

Various functions in this chapterv®aguments that conform to the ANSI C variable argument
list calling cowvention. EachHunction denoted with an argument of the form™‘t akes a vari-

able-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 néd#@aNestedList is speci-

fied in place of an argument name, then the following value is interpretedd&abliestedList

value that specifies a list of values logically inserted into the original list at the point of declara-
tion. ANULL identifies the end of a nested list.

To dlocate a nested variable argument list dynamicetig XVaCreateNestedList
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typedef void * XVaNestedList;

XVaNestedList X\aCreateNestedListiummy ...)
int dummy
dummy Specifies an unused argument (required by ANSI C).
Specifieshe 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 alig.vAry 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. OutputMethods

This section provides discussions of the following X Output Method (XOM) topics:
. Output method werview

. Output method functions

. Output method values

. Output context functions

. Output context values

. Creating and freeing a font set

. Obtaining font set metrics

. Drawing text using font sets

13.4.1. OutputMethod 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 componenvmigiffaa

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 dréhe text, hav the text can be separated into components, and
which fonts are selected to dr@ach component. Furthawhen bidirectional 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 metthaeal directly
with such locale-dependent details. Output methods provide the following capabilities:

. Creating a set of fonts required to wrbbcale-dependent text.

. Drawing locale-dependent text with a font set without the caller needing webe af
locale dependencies.

. Obtaining the escapement and extents in pixels of locale-dependent text.

. Determining if bidirectional 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 the state of a particular output
thread is called aautput context The Xlib representation of an output context iS<gdC,

which is compatible wittKFontSet in terms of its functional interface, but is a broadmre
generalized abstraction.
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13.4.2. OutputMethod Functions
To gpen an output method, u¥®penOM.

XOM XOpenOM(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 XOpenOM function opens an output method matching the current locale and modifiers
specification. Theurrent locale and modifiers are bound to the output method X@GeenOM
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 us{&gtLocaleModifiers to set the output

method modifier.

The db argument is the resource database to be used by the output method for looking up
resources that are pate 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 outpuktolitdb 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 dose an output method, u¥&loseOM.

Status XCloseOMd¢m)
XOM om;

om Specifies the output method.
The XCloseOM function closes the specified output method.

To st output method attributes, uk&etOMValues.
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char * XSetOM\alues pm, ...)
XOM om;
om Specifies the output method.
Specifieshe 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, udé&etOMValues.

char * XGetOM\alues bm, ...)
XOM om;
om Specifies the output method.
Specifieshe 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 dbtain the display associated with an output method XiisplayOfOM .

Display * XDisplayOfOM (om)
XOM om;
om Specifies the output method.

The XDisplayOfOM function returns the display associated with the specified output method.
To et the locale associated with an output method Xlseeale OfOM .
char * XLocaleOfOM pm)

XOM om;

om Specifies the output method.

The XLocaleOfOM returns the locale associated with the specified output method.

13.4.3. XOutput Method Values

The following table describes WoXOM values are interpreted by an output method. The first
column lists the XOM alues. Thesecond column indicatesWwa@ach of the XOM values are
treated by a particular output style.

The following ley gplies to this table.

Key Explanation
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Key Explanation
G This value may be read usiXgsetOMValues.
XOM Value Key

XNRequiredCharSet
XNQueryOrientation
XNDirectionalDependentDrawing
XNContextualDrawing

OOOO

13.4.3.1. Requied 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 structureX®ipe
CharSetList.

The XOMCharSetList structure is defined as follows:

typedef struct {
int charset_count;
char **charset_list;
} X OMCharSetList;

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 tcCloseOM with the associatedOM . Until freed, its contents will not
be madified by Xlib.

13.4.3.2. QueryOrientation

The XNQueryOrientation argument returns the global orientation of text whemwdraOther

than XOMOrientation_LTR_TTB , the set of orientations supported is locale-dependent. The
vaue of the argument is a pointer to a structure of ¥PdMOrientation . Clients are responsi-
ble for freeing theXOMOrientation structure by usingKFree; this also frees the contents of the
structure.
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typedef struct {

int num_orientation;

XOrientation *orientation; * Input @xt description */
} X OMOirientation;

typedef enum {
XOMGOirientation_LTR_TTB,
XOMGOirientation_RTL_TTB,
XOMGOirientation_TTB_LTR,
XOMGOirientation_TTB_RTL,
XOMGOirientation_Context

} X Orientation;

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
. XOMOrientation_Context contextual global orientation

13.4.3.3. Diectional Dependent Drawing

The XNDirectionalDependentDrawing argument indicates whether the text rendering functions
implement implicit handling of directionalxe If this value isTr ue, the output method has
knowledge of directional dependencies and reorders text as necessary when rentetintpite
value is False, the output method does not implemeny dimectional 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.

13.4.3.4. ContexDependent Drawing

The XNContextualDrawing argument indicates whether the text rendering functions implement
implicit context-dependent dséng. If this value isTr ue, the output method has knowledge of
context dependencies and performs character shape editing, combining glyphs to present a single
character as necessaffhe actual shape editing is dependent on the locale implementation and

the font set used.

This OM value presents functionality identical to K@ontextualDrawing function.

13.4.4. OutputContext 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 XdD@s. Asewn XOC values

are created, tlyeshould be registered with the X Consortium. X®©C can be used anywhere an
XFontSet can be used, and vice vers&ontSet is retained for compatibility with previous

releases. Theoncepts of output methods and output contexts include broaaier generalized
abstraction than font set, supporting comed more intelligent text displagnd dealing not

only with multiple fonts but also with context dependencies. Hew&FontSet is widely used
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in several interfaces, s&XOC is defined as an upward compatible typeXbntSet.
To aeate an output context, uX€reateOC.

XOC XCreateOCgm, ...)
XOM om;
om Specifies the output method.
Specifieshe 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 primled. 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 agument name is not recognized.

. The output method encountered an output method implementation-dependent error.
XCreateOC can generate BadAtom error.

To destrgy an autput context, us&XDestroyOC.

void XDestroyOC (oc)
XOC oc;

oc Specifies the output context.
The XDestroyOC function destroys the specified output context.
To get the output method associated with an output contexiX@840fOC .

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, regggciKSetOC-
Values and XGetOCValues. Both functions hee a \ariable-length argument list. In that argu-
ment list, ag XOC values rame must be denoted with a character string using the X Portable
Character Set.

To st XOC values, us¥SetOCValues
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char * XSetOC¥luesc, ...)
XOC oc;
oc Specifies the output context.
Specifieshe 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 sey fufirtae 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 generate BadAtom error.
To obtain XOC values, usEGetOCValues.

char * XGetOCMlues fc, ...)
XOC oc;
oc Specifies the output context.
Specifieshe 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 obtainegdbr an
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.

13.4.5. OutputContext Values

The following table describes WoXOC values are interpreted by an output method. The first
column lists the XOCalues. Thesecond column indicates the altermatinterfaces that function
identically and are provided for compatibility with previous releases. The third column indicates
how each of the XOC values is treated.

The following leys gply to this table.

Key Explanation

C This value must be set wikkCreateOC.

D This value may be set usingCreateOC. Ifitis not set,
a default is provided.

G This value may be read usiXgsetOCValues.

S This value must be set usiKgetOCValues

XOC Value Alternative Interface  Key

263



Xlib = C Library libX11 1.3.2

XOC Value Alternative Interface  Key
BaseFontName XCreateFontSet C-G
MissingCharSet  XCreateFontSet G
DefaultString XCreateFontSet G
Orientation - D-S-G
ResourceName - S-G
ResourceClass - S-G
Fontinfo XFontsOfFontSet G
OMAutomatic - G

13.4.5.1. Bas€&ont 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-termi-
nated and is assumed to be in the Host Portable Character Encoding; otherwise, the result is
implementation-dependent. Whipace 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 exysbfohen
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.

When querying for thiXNBaseFontNameXOC value, XGetOCValues returns a null-termi-

nated string identifying the base font names that Xlib used to load the fonts needed for the locale.
This string is owned by Xlib and should not be modified or freed by the client. The string will be
freed by a call toKDestroyOC with the associatedOC. Until freed, the string contents will

not be modified by Xlib.

13.4.5.2. MissingCharSet

The XNMissingCharSet argument returns the list of required charsets that are missing from the
font set. The value of the argument is a pointer to a structure oXYpCharSetList .

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 inclydbansets to which Xlib

may be able to remap a required charset.

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 tcDestroyOC with the associatedOC. Until freed, its contents will
not be modified by Xlib.
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13.4.5.3. DefauliString

When a drawing or measuring function is called witiX&C that has missing charsets, some
characters in the locale will not be diable. TheXNDefaultString argument returns a pointer

to a string that represents the glyphs that are drawn wittK®& when the charsets of thead-

able fonts do not include all glyphs required tordeacharacter 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 drar measure the default glyphs by including this string in a
string being drawn or measured with Ké&C.

If the 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.

13.4.5.4. Orientation

The XNOrientation argument specifies the current orientation of text whenrdra hevalue of
this argument is one of the values returned byXGetOMValues function with theXNQuery-
Orientation argument specified in théOrientation list. Thevalue of the argument is of type
XOrientation . When XNOrientation 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 text is determined according

to an implementation-defined method (for example, ISO 6429 control sequences), and the initial
text orientation for locale-dependent Xlib functions is assumed ¥XdMOrienta-

tion_LTR_TTB .

The XNOrientation value does not change the prime drawing direction for Xlib drawing func-
tions.

13.4.5.5. Resouwre 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 outpxit cbhésevalues

should be used as prefixes for name and class when looking up resources that may vary according
to the output conte. 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.

When querying for th&KNResourceNameor XNResourceClassXOC value,XGetOCValues

returns a null-terminated string. This string is owned by Xlib and should not be modified or freed
by the client. The string will be freed by a callX®estroyOC with the associatedOC or

when the associated value is changeddg&tOCValues Until freed, the string contents will

not be modified by Xlib.

13.4.5.6. IBnt Info

The XNFontinfo argument specifies a list of one or métieontStruct structures and font
names for the fonts used for drawing by theagioutput cont&t. Thevalue of the argument is a
pointer to a structure of typ€OMFontInfo .

typedef struct {
int num_font;
XFontStruct **font_struct_list;
char **font_name_list;

} X OMFontInfo;

A list of pointers to theXFontStruct structures is returned to font_struct_ligtlist of pointers
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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 Dnéemum-
ber of XFontStruct structures and font names is returned to num_font.

Because it is not guaranteed that\agicharacter 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 charactefhe client may access th@ontStruct list to obtain these
vaues for all the fonts currently in use.

Xlib does not guarantee that fonts are loaded from the server at the creatiot@EanXlib

may choose to cache font data, loading it only as neededwdeaktaor 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 the¢OMFontinfo struct itself; it will be freed when th€OC is closed.

13.4.5.7. OMAutomatic

The XNOMAutomatic argument returns whether the associated output context was created by
XCreateFontSetor not. Because th¥FreeFontSetfunction not only destroys the output con-
text but also closes the implicit output method associated wi¥frieeFontSetshould be used

with ary output context created byCreateFontSet Howevae, it is possible that a client does

not knav how the output context was created. Before a client destroys the output context, it can
guery whetheXNOMAutomatic is set to determine wheth&FreeFontSetor XDestroyOC

should be used to desyrthe output context.

13.4.6. Ceating 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. TKEontSet is an opaque type representing the state of a par-
ticular output thread and is egdient to the typeXxOC.

The XCreateFontSetfunction is a covenience function for creating an output context using
only default alues. TheeturnedXFontSet has an implicitly createdOM . This XOM has an
OM value XNOMAutomatic automatically set tdr ue so that the output context self indicates
whether it was created ByCreateOC or XCreateFontSet
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XFontSet XCreatedntSet flisplay, base_font_name_lisiissing_charset_list_return
missing_charset_count_returdef_string_returi
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_returReturns the string drawn for missing charsets.

The XCreateFontSetfunction creates a font set for the specified displde 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-termi-
nated and is assumed to be in the Host Portable Character Encoding; otherwise, the result is
implementation-dependent. Whipace 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 namBise-
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:

. The first XLFD-conforming base font name that specifies the required charset or a superset
of the required charset in iGharSetRegistry and CharSetEncodingfields. Theimple-
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.

. 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
use the fonts for those charsefsr example, JIS Roman is ASCII with tilde and backslash
replaced by yen andrerbar; Xlib may load an 1ISO8859-1 font to support this character set
if a JIS Roman font is nowailable.
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. 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.

. 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 that 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, ensuring that
specific fonts are used if hexist. 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-JISX0201.1976-0,\
-GB-Fixed-Medium-R-Normal--26-180-100-100-C-240-GB2312-1980.0,\
-Adobe-Courier-Bold-R-Normal--25-180-75-75-M-150-1SO8859-1"

Alternatiely, the user could supply a base_font_name_list that omits the charsets, letting Xlib
select font charsets required for the locdter 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"

Alternatiely, 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 requiremefts 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 locéereateFontSetreturns 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 ayof 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 chXiSegateFontSetreturns
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 beathta. 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 theadable fonts do not include all font glyphs required to draw

a adepoint. Thestring 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 eaandraneasure

the default glyphs by including this string in a string being drawn or measured with the
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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 viiffreeFontSetand
XFreeStringList, respectiely. The client-supplied base_font_name_list may be freed by the
client after callingXCreateFontSet

To dbtain a list ofXFontStruct structures and full font namesrgn an XFontSet, use
XFontsOfFontSet.

int XFontsOffontSet font_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 thergfont set. A list of pointers to the
XFontStruct structures is returned to font_struct_list_retudnlist of pointers to null-termi-
nated, fully specified font name strings in the locale of the font set is returned to
font_name_list_return. ThHent_name_list order corresponds to the font_struct_list oftles
number ofXFontStruct structures and font names is returned as the value of the function.

Because it is not guaranteed that\agicharacter 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 charactefhe client may access thé@ontStruct 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 creatiodFaraSet.

Xlib may choose to cache font data, loading it only as neededwdehtzor compute text dimen-
sions. Thereforegxistence of the per_char metrics in EBontStruct structures in the
XFontStructSet is undefined. Also, note that all properties in XfontStruct structures are in
the STRING encoding.

The XFontStruct and font name lists are owned by Xlib and should not be modified or freed by
the client. Thg will be freed by a call t&XFreeFontSetwith the associatedFontSet. Until
freed, their contents will not be modified by Xlib.

To dbtain the base font name list and the selected font namevbatagi XFontSet, use XBase-
FontNameListOfFontSet.
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char *XBaseFontNameListO&ntSet font_sej
XFontSetfont_set

font_set Specifies the font set.

The XBaseFontNameListOfFontSetfunction returns the original base font name list supplied

by the client when thXFontSet was aeated. Anull-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 associatedFontSet. Until freed, its contents
will not be modified by Xlib.

To dbtain the locale namewgin an XFontSet, use XLocaleOfFontSet.

char *XLocaleOffontSet font_se}
XFontSetfont_set

font_set Specifies the font set.

The XLocaleOfFontSet function returns the name of the locale bound to the specified
XFontSet, as a mll-terminated string.

The returned locale name string is owned by Xlib and should not be modified or freed by the
client. Itmay be freed by a call t§FreeFontSetwith the associatedFontSet. Until freed, it
will not be modified by Xlib.

The XFreeFontSetfunction is a covenience function for freeing an output contexiFree-
FontSet also frees its associatédOM if the output context was created K reateFontSet

void XFreefontSet fisplay, 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.

13.4.7. ObtainingFont 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 drav direction. Thedrawing origin is the position passed to the drawing function when
the text is dreen. Thebaseline is a line drawn through the drawing origin parallel to the primary
draw direction. Charactenk is the pixels painted in the foreground color and does not include
interline or intercharacter spacing or image text background pixels.
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The drawing functions are allowed to implement implicit text directionality contrnagiag the
order in which characters are rendered along the primawydirection in response to locale-spe-
cific lexical analysis of the string.

Regardless of the character rendering ordee 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 witkmbDrawString may render differently than if

the two characters were drawn with separate callXnabDrawString . If the client appends or
inserts a character in a previously drawn string, the client may need t&w sedna adjacent char-
acters to obtain proper rendering.

To find out about direction-dependent rendering, XBaectionalDependentDrawing.
Bool XDirectionalDependentDvang (font_sej

XFontSetfont_set
font_set Specifies the font set.

The XDirectionalDependentDrawing function returnsTr ue if the drawing functions implement
implicit text directionality; otherwise, it returrisalse.

To find out about context-dependent rendering,XGSentextualDrawing .

Bool XContextualDraving (font_sej
XFontSetfont_set

font_set Specifies the font set.

The XContextualDrawing function returnsIr ue if text drawn with the font set might include
context-dependent drawing; otherwise, it returalse.

To find out about context-dependent or direction-dependent renderingCaseextDependent-
Drawing.

Bool XContextDependentDwnang (font_sej
XFontSetfont_set

font_set Specifies the font set.

The XContextDependentDrawingfunction returnsTr ue 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 aent; /* over all drawable characters */
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XRectangle max_logical xéent; /* over all drawable characters */
} X FontSetExtents;

The XRectangle structures used to return font set metrics are the usual Xlib screen-oriented rec-
tangles with x, y giving the upper left cornand width and height alays positie.

The max_ink_extent membengs the maximum extentver all drawable characters, of the rec-
tangles that bound the character glyph image drawn in the foregroundelalize o a mnstant
origin. SeeXmbTextExtents and XwcTextExtents for detailed semantics.

The max_logical_extent membewes the maximum extentver al drawable characters, of the
rectangles that specify minimum spacing to other graphical featuresaddadi onstant 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/ta gvan
number of arbitrary characters.

Due to context-dependent rendering, appendingemgharacter to a string may change the
string’s extent by an amount other than that charastadividual extent.

The rectangles for agin character in a string can be obtained frimbPerCharExtents or
XwcPerCharExtents.

To dbtain the maximum extents structurgegi an XFontSet, use XExtentsOfFontSet.

XFontSetExtents *XExtentsO@atSet font_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 thevgn font set.

The XFontSetExtentsstructure is owned by Xlib and should not be modified or freed by the
client. Itwill be freed by a call t&XFreeFontSetwith the associatedFontSet. Until freed, its
contents will not be maodified by Xlib.

To dbtain the escapement in pixels of the specified text as a valugmiseextEscapementor
XwcTextEscapement

int XmbTextEscapementont_set string, num_bytey
XFontSetfont_set
char *string;
int num_bytes

int XwcTextEscapementént_set string, num_wchar}
XFontSeftfont_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

272



Xlib = C Library libX11 1.3.2

is the distance in pixels in the primarywrdirection 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 ordee escapement isvedys positie.

To dbtain the @erall_ink_return anderall_logical_return arguments, theepall bounding box
of the strings image, and a logical bounding box, &mbTextExtents
or XwcTextExtents.

int XmbTextExtents font_set string, num_bytesowverall_ink_return overall_logical_return)
XFontSetfont_set
char *string;
int num_bytes
XRectangle dverall_ink_returr
XRectangle dverall_logical_return

int XwcTextExtents font_set string, num_wchars
owverall_ink_return overall_logical_return)
XFontSeftfont_set
wchar_t *string;
int num_wchars
XRectangle dverall_ink_returr
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.

overall_ink_return
Returns the werall ink dimensions.

overall_logical_return
Returns the werall logical dimensions.

The XmbTextExtents and XwcTextExtents functions set the components of the specifiesi-o
all_ink_return andeerall_logical_return arguments to theecall bounding box of the string’s
image and a logical bounding box for spacing purposes, resecilThey return the value
returned byXmbTextEscapementor XwcTextEscapement These metrics are reledi o 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 strihgi-
acter ink. The werall_ink_return for a nondescending, horizontally drawn Latin character is con-
ventionally entirely abee the baseline; that isyerall_ink_return.height <= ~@r-

all_ink_return.y The overall_ink_return for a nonkerned character is entirely at, and to the right
of, the origin; that is, erall_ink_return.x >= 0.A character consisting of a single pixel at the
origin would set werall_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 eachvaiteble character are taken from
the default string returned b¥CreateFontSetso that the metrics represent the text as it will
actually be dran. Thebehavior for an ivelid codepoint is undefined.
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To determine the effeate dawing origin for a character in a drawn string, the client should call
XmbTextPerCharExtents on the entire string, then on the chargaed subtract the x values of

the returned rectangles for the characi#éris is useful to redva 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 dbtain per-character information for a text string, XsebTextPerCharExtents or Xwc-
TextPerCharExtents.

Status Xmbé&xtPerCharExtentdént_set string, num_bytesink_array_return
logical_array_return array_size num_chars_returnoverall_ink_return overall_logical_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_returr
XRectangle dverall_logical_return

Status Xwce&xtPerCharExtentd¢nt_set string, num_wcharsink_array_return
logical_array_return array_size num_chars_returpoverall_ink_return overall_ink_return)
XFontSeftfont_set
wchar_t *string;
int num_wchars
XRectangle thk_array_return
XRectangle togical_array_return
int array_size
int *num_chars_return
XRectangle dverall_ink_returr
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_returrReturns 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_refline. caller must
pass in arrays of this size.

num_chars_return
Returns the number of characters in the string argument.

overall_ink_return
Returns thewerall ink extents of the entire string.

overall_logical_return
Returns the werall 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
successie dement of ink_array_return and logical_array_return is set to the sueessi
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charactes dawn metrics, relate © the drawing origin of the string and one rectangle for each
character in the supplied text string. The number of elements of ink_array_return and logi-
cal_array_return that kia been set is returned to num_chars_return.

Each element of ink_array_return is set to the bounding box of the corresponding character’s
drawn foreground colorEach element of logical_array_return is set to the bounding box that
provides minimum spacing to other graphical features for the corresponding chatuser
graphical features should not interseat ahthe logical_array_return rectangles.

Note that anXRectanglerepresents the effeetd dawing dimensions of the charagtesgadless

of the number of font glyphs that are used tavditge character or the direction in which the char-
acter is drevn. 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 eachvaiteble character are taken from
the default string returned b¥CreateFontSetso that the metrics represent the text as it will
actually be dran. Thebehavior for an ivelid 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 @erall_logical_return argument is non-NULKXmbTextPer-
CharExtents and XwcTextPerCharExtents return the maximum extent of the striggietrics
to overall_ink_return or werall_logical_return, as returned B§mbTextExtents or XwcTextEx-
tents.

13.4.8. DrawingText Using Font Sets

The functions defined in this sectiondrgext at a pecified location in a dveable. The are

similar to the function&XDrawText, 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 fonkasdeSeesection 8.6 for details of the

use of Graphics Contexts (GCs) and possible protocol errorBdtigont error is generated,
characters prior to the offending character maseti@en 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 functionsKmbDrawText 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 dahange */
} X mbTextitem;
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 dahange */
} X wcTextltem;

To draw text using multiple font sets in awgn drawable, useXmbDrawText or XwcDrawText.
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void XmbDrawText(display, d, gc, X, y, items nitemg

Display *display;
Drawabled;

GCgc;

intx,y;
XmbTextltem *items
int nitems

void XwcDrawText (display, d, gc, X, y, items nitemg

display

d

gc
X
y

Display *display;
Drawabled;

GCgc;

intx,y;
XwcTextltem *items
int nitems

Specifies the dwable.
Specifies the GC.

Specify the x and y coordinates.

items Specifies an array of text items.

nitems

Specifies the connection to the X server.

Specifies the number of text items in the array.

libX11 1.3.2

The XmbDrawText and XwcDrawText functions allev 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 dvadirection by the escapement of the previous text itArbext item
delta specifies an additional escapement of the text item drawing origin in the prinvadirdca
tion. Afont_set member other théfone 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 apcontext-dependent rendering between
text sgments. Clientsnay compute the drawing metrics by passing each text segmeénttio
TextExtents and XwcTextExtents or XmbTextPerCharExtents and XwcTextPerCharEx-
tents. When theXFontSet has missing charsets, eachvailable character is drawn with the
default string returned b}CreateFontSet The behavior for an walid codepoint is undefined.

To draw text using a single font set in avgn drawable, useXmbDrawString or XwcDraw-
String .
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void XmbDrawString (display, d, font_set gc, X, y, string, num_byte¥
Display *display;
Drawabled;
XFontSetfont_set
GCgc;
intx,y;
char *string;
int num_bytes

void XwcDrawsString (display, 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 dwable.

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 drav the specified text with the fore-
ground piel. Whenthe XFontSet has missing charsets, eachvailable character is drawn
with the default string returned B¥CreateFontSet The behavior for an wralid codepoint is
undefined.

To draw image text using a single font set in @egidrawable, useXmbDrawlmageString or
XwcDrawlmageString.
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void XmbDrawvimageStringdisplay, d, font_sef gc, X, y, string, num_bytep
Display *display;
Drawabled;
XFontSetfont_set
GCgc;
intx,y;
char *string;
int num_bytes

void XwcDrawlmageStringdisplay, d, font_set 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 dwable.

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 returnedveall_logical_return byXmbTextExtents or
XwcTextExtents for the same text andFontSet.

When theXFontSet has missing charsets, eachvailable character is drawn with the default
string returned byXCreateFontSet The behavior for an walid codepoint is undefined.

13.5. Input Methods
This section provides discussions of the following X Input Method (XIM) topics:
. Input method werview

. Input method management

. Input method functions

. Input method values

. Input context functions

. Input context values

. Input method callback semantics

. Event filtering
. Getting keyboard input
. Input method corentions
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13.5.1. InputMethod 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 wverds. D enter text into a computer in an alphabetic language, a user usually has a
keyboard on which there exisek symbols corresponding to the alphabet. Sometimes, a few
characters of an alphabetic language are missing oreyhedd. May computer users who

speak a Latin-alphabet-based language onfg b English-based éyboard. Thg need to hit a
combination of kystrokes to enter a character that does not exist directly oeyhedtd. A

number of algorithms wva been deeloped for entering such characters. These are known as
European input methods, compose input methods, or dgaidgut methods.

Japanese is an example of a language with a phonetic symbol set, where each symbol represents a
specific sound. There aredvwhonetic symbol sets in Japanese: Katakana andafisagingen-

eral, Katakana is used for words that are of foreign origin, and Hiragana is used for writiag nati
Japanese ords. Collectiely, 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 1@wels) represents a specific soudsyllable is composed of wvor three

parts: the initial consonants, thewels, and the optional last consonani¢ith Hangul, syllables

can be treated as the basic units on which text processing isEmrexample, a delete opera-

tion may work on a phonetic symbol or a syllabf@rean code sets includevssal thousands of

these syllablesA user types the phonetic symbols that mak he syllables of the words to be
entered. Thelisplay may change as each phonetic symbol is ent&i@dxample, when the

second phonetic symbol of a syllable is entered, the first phonetic symbol may change its shape
and size. Lilkewise, when the third phonetic symbol is entered, the fis{ptwnetic symbols

may change their shape and size.

Not all languages rely solely on alphabetic or phonetic systems. Some languages, including
Japanese and Korean, emypém 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,(occasionallyseveal symbols). The number of symbols
can be very large: approximately 50,000én&een identified in Hanzi, the Chinese ideographic
system.

Two major aspects of ideographic systems 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 hae ketween 15,000 and 30,000 characters. This makes it necessary to use more than
one byte to represent a charact8econd, it obviously is impractical tovea leyboard that

includes all of a gien languages ideographic symbols. Therefore, a mechanism is required for
entering characters so thateyzoard with a reasonable number ef&can be used. Those input
methods are usually based on phonetics, but there also exist methods based on the graphical prop-
erties of characters.

In Japan, both Kana and the ideographic system Kaniji are used. In Korea, Hangul and sometimes
the ideographic system Hanja are usedwNonsider 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 coversion to Kanji. Seeral Kanji characters may @ the same phonetic rep-
resentation. Ifhat 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 diretfpen Latin characters are c@rted to

Kana or Kaniji, it is called a romaji cegrsion.

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 Hafiguthange Hangul to
Hanja, the user selects a region fon@sion and then follows the same basic method as that
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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 stdejdoard

keys hare oth English characters and phonetic symbols eredran hem, and the user can

switch between the tsets.

The situation is different for Chinese. While there is a phonetic system called Pinyin promoted
by authorities, there is no consensus for entering ChineseSemevendors use a phonetic
decomposition (Pinyin or another), others use ideographic decomposition of Chinese words, with
various implementations aneiboard layouts. There are about 16 known methods, none of

which is a clear standard.

Also, there are actually mvdeographic sets used: Traditional Chinese (the original written Chi-
nese) and Simplified Chinese. @&l years ago, the PeogdRepublic of China launched a cam-
paign to simplify some ideographic characters and eliminate redundancies altogletterthe
plan, characters would be streamlingdrg five years. Charactetsve been revised seral

times nav, resulting in the smalleampler set that makes up Simplified Chinese.

13.5.1.1. InputMethod Architecture

As shown in the previous section, there areyrdififierent input methods in use todasgch vary-

ing with language, culture, and histor& common feature of marinput methods is that the user
may type multiple &ystrokes to compose a single character (or set of characters). The process of
composing characters froneystrokes is calleg@reediting It may require compbealgorithms

and large dictionariesolving substantial computer resources.

Input methods may require one or more areas in which e steofeedback of the actual
keystrokes, to propose disambiguation to the,usdist 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 physgabard. Itis
awindow 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 meed to dlow preedit data to appear at the point of insertion.

. Over-the-spopreediting means that the data is displayed in a preedit witldd is placed
over the point of insertion.

. Off-the-spopreediting means that the preedit winds inside the application wineobut
not at the point of insertion. Often, this type of winds placed at the bottom of the
application windu.

. Root-windowpreediting refers to input methods that use a preedit wirtklat 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 thesd. To avoid this, a goal of the Xlib design is to all@n

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
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to be used for it. The input method connection is said todade-dependentlt is dso user-
dependent. & a gven language, the user can choose, to some extent, the user interface style of
input method (if choice is possible amongesal).

Using an input server implies communicatioetiead, but applications can be migrated without
relinking. Inputmethods 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. Ira front-end architec-
ture, there are tovseparate connections to the X servaydtrokes go directly from the X server
to the input method on one connection and othents to the regular client connection. The
input method is then acting as a filter and sends composed strings to theAcfienit-end archi-
tecture requires synchronization between theedwnnections towid lost key events or locking
issues.

In a back-end architecture, a single X server connection is ésdigpatching mechanism must
decide on this channel to dgiee appropriate éystrokes to the input methodror instance, it

may retain a Helpéystroke 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 leystrokes (Functiongys, Help, and so on)A back-end architecture sometimes implies

more communicationv@head and more process switching. If all three processes (X server,

input serverclient) are running on a single workstation, there aepuecess switches for each
keystroke in a kack-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 byXBpenIM function,

which opens an input method on aegi 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 ay 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. Buhe strings returned from an input method willals be encoded in the (single)
locale associated with theM object.

13.5.1.2. InputContexts

Xlib provides the ability to manage a multi-threaded state for text impatient may be using
multiple windows, each windowith multiple text entry areas, and the user possibly switching
among them at artime. Theabstraction for representing the state of a particular input thread is
called aninput context The Xlib representation of an input context i .

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 cliewwiremal

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 clientwindin XIC is created with

the XCreatelC function, providing arXIM argument and affiliating the input context to the

input method for its lifetime. When an input method is closed X{#toselM, dl of its affili-

ated input contexts should not be useglmore (and should preferably be destroyed before clos-
ing the input method).

Considering the example of a client wimdaith multiple text entry areas, the application pro-
grammer could, for example, choose to implement as follows:

. As mary 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.
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. A single context is created for a topdewindow in the application. If such a window
contains seeral text entry areas, each time the useveado arother 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.

13.5.1.3. Gettingkeyboard Input

To dbtain characters from an input method, a client must call the funétidsiookupString 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 drings returned byXmbLookupString or XwcLookupString will be encoded in

that locale.

13.5.1.4. Bcus Management

For each text entry area in which thémbLookupString or XwcLookupString functions are
used, there will be an associated input context.

When the application focus mes to a £xt 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 nes aut of a text entry area, the application should unset the
focus for the associated input context by calkignsetiCFocus. As an gtimization, if XSet-
ICFocus is called successly on two different input contexts, setting the focus on the second
will automatically unset the focus on the first.

To st and unset the input context focus corredtig necessary to track application#focus
changes. Sucfocus 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 windof the input context whewer the focus winder changes (see sec-
tion 13.5.6.3).

13.5.1.5. GeometrjManagement

In most input method architectures (on-the-spot being the notable exception), the input method
will perform the display of its own datd.o provide better visual localifyt is often desirable to

have te input method areas embedded within a cli@éntdo 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 windo

. The input method is responsible for the contents of the input methodwvindo

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.

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 vaue returned by<GetIMVal-

ues. When a client has decided that it will provide geometry management for an input method, it
indicates that decision by setting tk&lInputStyle value in theXIC .
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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 settil¥N\tAeeaNeededvalue 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 thisslue. Thanput method should pay attention toyaonstraints 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 mustware that setting other XIC values may affect the
geometry desired by an input methdebr example, XNFontSet and XNLineSpacing may
change the geometry desired by the input method.

The table of XIC values (see section 13.5.6) indicates the values that can cause the desired geom-
etry to change when there set. It is the responsibility of the client to renegotiate the geometry
of the input method windewhen it is needed.

In addition, a geometry management callback is provided by which an input method can initiate a
geometry change.

13.5.1.6. Eent Filtering

A filtering mechanism is provided to allanput methods to capture Xents transparently to
clients. Itis expected that toolkits (or clients) usiKghbLookupString or XwcLookupString
will call this filter at some point in thevent processing mechanism to neakre that gents
needed by an input method can be filtered by that input method.

If there were no filtera dient could receie and discard eents that are necessary for the proper
functioning of an input method. The following provides & &xamples of suchvents:

. Expose gents on preedit winde in local mode.

. Events may be used by an input method to communicate with an input sBueérinput
server protocol-relatedrents hae © be ntercepted if one does not want to disturb client
code.

. Key erents can be sent to a filter beforeyttaee bound to translations such as those the X
Toolkit Intrinsics library provides.

Clients are expected to get the XIC vaKigFilterEvents and augment thevent mask for the
client windav with that eent mask. This mask may be zero.

13.5.1.7. Callbacks

When an on-the-spot input method is implemented, only the client can insert or delete preedit
data in place and possibly scroll existingtteThismeans that the echo of theyktrokes has to
be achiged by the client itself, tightly coupled with the input method logic.

When the user enters aystroke, the client callXmbLookupString or XwcLookupString. At

this point, in the on-the-spot case, the echo of gystiole 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 to insert them&eystroke. If the keystrokes entered so far nealp a bar-

acter the lkeystrokes entered need to be deleted, and the composed character will be returned.
Hence, what happens is that, while being called by client code, the 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.
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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.

13.5.1.8. \Kkible Position Feedback Masks

In the on-the-spot input style, there is a problem when attemptingvigpdeadit strings that are
longer than thewailable space. Once the display area is exceeded, it is not cledresoto dis-
play the preedit string. The visible position feedback maskdMfText help resole 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 helpvépers implement scrolling of a long preedit
string within a short preedit display area.

13.5.1.9. Peedit String Management

As highlighted before, the input method architecture provides preediting, which supports a type
of preprocessor input composition. In this case, compaosition consists of interpreting a sequence
of key events and returning a committed string WenbLookupString or XwcLookupString .

This provides the basics for input methods.

In addition to preediting based oaykevents, a general franaerk is provided to gie a dient that
desires it more advanced preediting based on the text within the client. Thiwérkneecalled
string conversiorand is provided using XICalues. Thdundamental concept of string a@n

sion is to allav the input method to manipulate the clisrigxt independent of gruser preedit-

ing operation.

The need for string cesarsion is based on language needs and input method capabilities. The
following are some examples of string ersion:

. Transliteration coversion provides language-specific gersions within the input method.
In the case of Korean input, users wish tovedra Hangul string into a Hanja string while
in preediting, after preediting, or in other situations (for example, on a selected string). The
corversion is triggered when the user presses a Hangul-to-Hapjgeguence (which may
be input method specific). Sometimes the user may wantdkerhe cowersion after fin-
ishing preediting or on a user-selected string. Thus, the string to betedns in an
application buffernot in the preedit area of the input method. The stringe&sion ser-
vices allav the client to request this transliteration eemsion from the input method.
There are manother transliteration caersions defined for various languages, for exam-
ple, Kana-to-Kanji coversion in Japanese.

The key b remember is that transliteration eersions are triggered at the request of the
user and returned to the client immediately without affecting the preedit area of the input
method.

. Recorversion of a previously committed string or a selected string is supported by many
input methods as a cesnience to the useiFor example, a user tends to mistype the com-
mit key while preediting. In that case, some input methods provide a spegigduence
to request a “recorert”’ operation on the committed string, similiar to the undo facility
provided by most text editors. Another example is where the user is proofreading a docu-
ment that has some misa@sions from preediting and wants to correct the migeted
text. Suchrecorversion is again triggered by the useraking some special action, but
recorversions should not affect the state of the preedit area.

. Context-sensitie cnversion is required for some languages and input methods that need to
retrieve xt that surrounds the current spot location (cursor position) of the slierfier.
Such text is needed when the preediting operation depends on some surrounding characters
(usually preceding the spot locatiorfjor example, in Thai language input, certain
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character sequences may bediid and the input method may want to check whether char-
acters constitute a validond. Inputmethods that do such context-dependent checking
need to retrige the characters surrounding the current cursor position to obtain complete
words.

Unlike ather cowersions, this coversion is not explicitly requested by the uskrput

methods that provide such context-semsitorversion continuously need to request con-
text from the client, and grchange in the context of the spot location may affect such con-
versions. Theclient’'s coontext would be needed if the uservemthe cursor and starts edit-
ing again.

For this reason, an input method supporting this type of@seion should tad notice of
when the client callXmbResetIC or XwcResetIC, which is usually an indication of a
context change.

Context-sensitie conversions just need a cgpf the clients text, while other cowersions replace
the clients text with new text to achieve the recomersion or transliteration.Yet in all cases the
result of a cowversion, either immediately or via preediting, is returned byXh#Lookup-

String and XwcLookupString functions.

String cowersion support is dependent on tiwvaikability of the XNStringConversion or
XNStringConversionCallback XIC values. Because input method may not support string
corversions, clients hae o query the gailability of string corversion operations by checking the
supported XIC values list by callingGetiIMValues with the XNQuerylCValuesList IM value.

The difference between theseotwalues is whether the ceasion is irvoked by the client or the

input method. TheXNStringConversion XIC value is used by clients to request a stringzesn

sion from the input method. The client is responsible for determining wixtiiseare used to

trigger the string corersion and whether the string to be eemed should be copied or deleted.

The type of cowersion is determined by the input method; the client can only pass the string to be
corverted. Theclient is guaranteed that MNStringConversionCallback will be issued when

this value is set; thus, the client need only set one of 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@sion. Ifthis value is set, it is

the input method responsibility to determine whiclvents are used to trigger the string ¢em

sion. Whersuch @ents occurthe input method issues a call to the client-supplied procedure to
retrieve the string to be camrted. Theclient’'s allback procedure is notified whether to gap
delete the string and is provided with hints as to the amount of text neededIMB&ingCon-
versionCallbackStruct specifies which text should be passed back to the input method.

Finally, the input method may call the clien¥dNStringConversionCallback procedure multi-

ple times if the string returned from the callback is not sufficient to perform a successés con
sion. Thearguments to the cliestprocedure aller the input method to define a position (in
character units) relat o the clients aursor position and the size of the text needed. By varying
the position and size of the desired text in subsequent callbacks, the input method gan retrie
additional text.

13.5.2. InputMethod Management

The interface to input methods might appear to be simply creating an input m¢@pen(M )
and freeing an input methoXCloselM). However, input methods may require conmpl®m-
munication with input method servers (IM servers), for example:

. If the X serverlM server and X clients are started asynchronoustyne clients may
attempt to connect to the IM server before it is fully operational, @hdThereforesome
mechanism is needed to allalients to detect when an IM server has started.

It is up to clients to decide what should be done when an IM server igallabke (for example,
wait, or use some other IM server).
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. Some input methods may alicthe 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 pro-

cedure to be called when Xlib detects that an IM
server is up andvailable.

XOpenIM A client calls this function as a result of the callback
procedure being called.
XSetIMValue, XSetICValue These functions use the XIM and XIC valu¥${De-

stroyCallback, to dlow a dient to register a callback
procedure to be called when Xlib detects that an IM
server that was associated with an opened input
method is no longewailable.

In addition, this function can be used to switch IM
servers for those input methods that support such
functionality The IM value for switching IM servers
is implementation-dependent; see the description
below about switching IM servers.

XUnregisterIMInstantiateCallback This function remwees a @llback procedure regis-
tered by the client.

Input methods that support switching of IM servers may exhibit some side-effects:

. The input method will ensure thatyamew IM server supports arnof the input styles being
used by input contexts already associated with the input method.vefpihe list of sup-
ported input styles may be different.

. Geometry management requests on previously created input contexts may be initiated by
the nev IM server.

13.5.2.1. HotKeys

Some clients need to guarantee whiekskean be used to escape from the input methagyde
less of the input method state; for example, the client-specific ldglprikhe keys to nove he
input focus. The HotKy mechanism allows clients to specify a set @fkfor this purpose.
However, the input method might not alloclients to specify hotéys. Thereforeglients hae o
guery support of hotdys by diecking the supported XIC values list by calldGetIMValues
with the XNQuerylCValuesList IM value. Wherthe hot leys gecified conflict with the dy
bindings of the input method, hotys take precedencewer the key kindings of the input method.

13.5.2.2. Peedit State Operation

An input method may ha ®veaal internal states, depending on its implementation and the
locale. Havever, 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 programmaticdllyo methods are provided for retrieving the
preedit state of an input corte Onemethod is to query the state by calliiGetlCValues with

the XNPreeditState XIC value. Anothemethod is to recee rotification wheneer the preedit

state is changedTo receve sich notification, an application needs to register a callback by call-
ing XSetICValues with the XNPreeditStateNotifyCallback XIC value. Inorder to change the
preedit state programmaticalpn gplication needs to caKSetICValues with XNPreedit-

State.

Availability of the preedit state is input method dependent. The input method may not provide
the ability to set the state or to retethe state programmaticallffherefore, clients ha ©
guery &ailability of preedit state operations by checking the supported XIC values list by calling
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XGetlMValues with the XNQuerylCValuesList IM value.

13.5.3. InputMethod Functions
To gpen a connection, us€OpeniM .

XIM XOpenIM (display, db, res_nameres_clas3
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. Currentocale and modifiers are bound to the input method at opening time. The locale
associated with an input method cannot be changed dynami€hllyimplies that the strings
returned byXmbLookupString or XwcLookupString , for ary 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 usingSetLocaleModifiers for the input method modifier.

The db argument is the resource database to be used by the input method for looking up resources
that are pniate 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 cdanti 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©paihti! .
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 dose a connection, us€CloselM.

Status XCloselMifn)
XIM im;

im Specifies the input method.
The XCloselM function closes the specified input method.

To st input method attributes, u¥&etiIMValues.
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char * XSetIM\alues(m, ...)
XIM im;

im Specifies the input method.
Specifieshe 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 set. Xlib does not attempt to set arguments from the
supplied list that foller the failed argument; all arguments in the list preceding the failed argu-
ment hae been set correctly.

To query an input method, us€GetIMValues.

char * XGetIM\alues(m, ...)
XIM im;

im Specifies the input method.
Specifieshe 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.

Each XIM value argument (following a name) must point to a location where the XIM value is to
be stored. That is, if the XIM value is of typetiie argument must be of type T*. If T itself is a
pointer type, therXGetIMValues allocates memory to store the actual data, and the client is
responsible for freeing this data by callikgree with the returned pointer.

To dbtain the display associated with an input method XBisplayOfiM .
Display * XDisplayOfIM (im)
XIM im;
im Specifies the input method.
The XDisplayOfIM function returns the display associated with the specified input method.

To et the locale associated with an input method XlsecaleOfIM .

char * XLocaleOfIM (m)
XIM im;

im Specifies the input method.
The XLocaleOfIM function returns the locale associated with the specified input method.

To regster an input method instantiate callback, ¥&egisterIMInstantiateCallback .
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Bool XRagisterIMInstantiateCallbackl{splay, db, res_nameres_class callback, 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 beaked whenever a
new input method becomesailable for the specified display that matches the current locale and
modifiers.

The function return3r ue
if it succeeds; otherwise, it returfalse.

The generic prototype is as follows:

void IMInstantiateCallbackdisplay, 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 andnays passed as NULL.

To wnregister an input method instantiation callback, XigaregisterIMInstantiateCallback .

Bool XUnrgyisterIMInstantiateCallbackl{splay, db, res_nameres_class callback, 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 rem@es an nput method instantiation
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callback previously mstered. Thdunction returnsTr ue if it succeeds; otherwise, it returns
False.

13.5.4. InputMethod Values

The following table describes WoXIM values are interpreted by an input method. The first col-
umn lists the XIM ®lues. Thesecond column indicates\wweach of the XIM values are treated
by that input style.

The following leys gply to this table.

Key Explanation

D This value may be set usin¢SetIMValues. Ifitis not set,
a default is provided.

S This value may be set usidgetiMValues.

G This value may be read usiXgsetIMValues.

XIM V alue Key

XNQuerylnputStyle
XNResourceName
XNResourceClass
XNDestroyCallback
XNQuerylMValuesList
XNQuerylCValuesList
XNVisiblePosition
XNR6PreeditCallbackBehavior

UoOo

OO0

NOOOLOLOnO

v
®

XNR6PreeditCallbackBehavior is obsolete and its use is not recommended (see section
13.5.4.6).

13.5.4.1. Quernyinput Style

A client should alays 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 & Styles. Clients are responsible for freeing
the XIMStyles structure. © do 9, useXFree.

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
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#define  XIMStatusArea 0x0100L
#define  XIMStatusCallbacks 0x0200L
#define  XIMStatusNothing 0x0400L
#define  XIMStatusNone 0x0800L
typedef struct {

unsigned short count_styles;
XIMStyle * supported_styles;
} X IMStyles;

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 describe&dateelement 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.

The preedit category defines what type of support is provided by the input method for preedit
information.

XIMPreeditArea If chosen, the input method would require the client to provide some
area values for it to do its preediting. Refer to XIC valid#rea
and XNAreaNeeded

XIMPreeditPosition If chosen, the input method would require the client to provide posi-
tional values. Refeto XIC valuesXNSpotLocation and XNFo-
cusWindow.

XIMPreeditCallbacks If chosen, the input method would require the client to define the set
of preedit callbacks. Refer to XIC valudPreeditStartCallback,
XNPreeditDoneCallback, XNPreeditDrawCallback, and
XNPreeditCaretCallback.

XIMPreeditNothing If chosen, the input method can function without preedit values.

XIMPreeditNone The input method does not provideygmeedit feedback. Any
preedit value is ignored. This style is mutually exslesiith the
other preedit styles.

The status category defines what type of support is provided by the input method for status infor-
mation.

XIMStatusArea The input method requires the client to provide some area values for
it to do its status feedback. SE&lArea and XNAreaNeeded
XIMStatusCallbacks The input method requires the client to define the set of status call-

backs,XNStatusStartCallback, XNStatusDoneCallback and
XNStatusDrawCallback.
XIMStatusNothing The input method can function withoutyestatus values.
XIMStatusNone The input method does not provideyasmatus feedback. If chosen,
ary status value is ignored. This style is mutually exslasimth the
other status styles.

13.5.4.2. Resouwre 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.
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It is not intended that values that can be set as XIM values be set as resources.

13.5.4.3. Deswy Callback

The XNDestroyCallback argument is a pointer to a structure of tyfiCallback . XNDe-
stroyCallback is triggered when an input method stops its service fpreason. Aftethe call-

back is iwvoked, the input method is closed and the associated input context(s) are destroyed by
Xlib. Therefore, the client should not cXlCloselM or XDestroyIC.

The generic prototype of this callback function is as follows:

void DestrgyCallback {m, 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 andnays passed as NULL.

A DestroyCallback is alays called with a NULL call_data argument.

13.5.4.4. QuendM/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 tyeValuesList . Clients are responsible for
freeing theXIMValuesList structure. © do ©, useXFree.

The XIMValuesList structure is defined as follows:

typedef struct {
unsigned short count_values;
char **supported_values;

} X IMValuesList;

13.5.4.5. \Kible Position

The XNVisiblePosition argument indicates whether the visible position maskd ldfFeed-
back in XIMText are aailable.

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$r ue, the input method uses the visible
position masks oKIMFeedback in XIMText ; otherwise, the input method does not use the
masks.

Because this XIM value is optional, a client should g&HetIMValues with argument
XNQuerylMValues before using this gument. Ifthe XNVisiblePosition does not exist in the
IM values list returned frorXNQuerylMValues , the visible position masks ofIMFeedback

in XIMText are not used to indicate the visible position.
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13.5.4.6. Peedit Callback Behavior

The XNR6PreeditCallbackBehavior argument originally included in the X11R6 specification
has been deprecated.t

The XNR6PreeditCallbackBehavior argument indicates whether the behavior of preedit call-
backs rgarding XIMPreeditDrawCallbackStruct values follows Release 5 or Release 6 seman-
tics.

The value is of typ@&ool. When querying foilXNR6PreeditCallbackBehavior, if the returned
value is Tr ue, the input method uses the Release 6 behavior; otherwise, it uses the Release 5
behavior The default value igalse. In order to use Release 6 semantics, the value of
XNR6PreeditCallbackBehavior must be set tdr ue.

Because this XIM value is optional, a client should g&letiIMValues with argument
XNQuerylMValues before using this gument. Ifthe XNR6PreeditCallbackBehavior does

not exist in the IM values list returned fradNQuerylMValues , the PreeditCallback behavior is
Release 5 semantics.

13.5.5. InputContext 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 alues. ltis intended that input methods be controlled by these Xl@eg. Asew

XIC values are created, thehould be registered with the X Consortium.

To aeate an input context, udCreatelC.

XIC XCreatelC(m, ...)
XIM im;
im Specifies the input method.
Specifieshe 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 pided. Themandatory 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 creat&dNULL value could be
returned for ay of the following reasons:

. A required argument was not set.

. A read-only argument was set (for examp@lFilterEvents).

. The argument name is not recognized.

. The input method encountered an input method implementation-dependent error.
XCreatelC can generat®adAtom, BadColor, BadPixmap, and BadWindow errors.

To destrgy an input context, usXDestroyIC .

1 During formulation of the X11R6 specification, the bebeof the R6 PreeditDrawCallbacks was going to differ significantly from
that of the R5 callbacks. Late changes to the specificatiorerged the R5 and R6 behaviors, eliminating the neeXfR6PreeditCall-
backBehavior. Unfortunately this argument was not rewel from the R6 specification before it was published.
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void XDestrg/IC (ic)
XIC ic;

ic Specifies the input context.
XDestroyIC destroys the specified input context.

To communicate to and synchronize with input method fgrduanges in &board focus from
the client side, us¥SetlICFocusand XUnsetICFocus.

void XSetICFocus(c)
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 vedéieyboard focus. The input method should

take action to provide appropriate feedback. Complete feedback specification is a matter of user
interface polig.

Calling XSetlCFocusdoes not affect the focus windwalue.

void XUnsetICFocus {c)
XIC ic;

ic Specifies the input context.

The XUnsetlCFocusfunction allows a client to notify an input method that the specified input
context has lost theekboard focus and that no more input is expected on the focus window
attached to that input comte Theinput method should takection to provide appropriate feed-
back. Completéeedback specification is a matter of user interfaceypolic

Calling XUnsetlCFocusdoes not affect the focus windwalue; the client may still recss
events from the input method that are directed to the focus windo

To reset the state of an input context to its initial state XimbResetIC or XwcResetIC.

char * XmbResetICit)
XIC ic;

wchar_t * XwcResetlICi¢)
XIC ic;

ic Specifies the input context.

When XNResetStateis set toXIMInitialState , XmbResetlC and XwcResetIC reset an input
context to its initial state; wheXNResetStateis set toXIMPreserveState, the current input
context state is presed. Inboth cases, gnnput pending on that context is deleted. The input
method is required to clear the preedit area,yf amd update the status according@alling
XmbResetlC or XwcResetIC 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 ustiien these procedures must return a non-NULL string. If
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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 calldigree.
To get the input method associated with an input contextXigfIC .

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 tw functions for setting and reading XIC values, respelgti XSetlCValues and
XGetlCValues. Both functions hee a \ariable-length argument list. In that argument list, any
XIC value’'s mme must be denoted with a character string using the X Portable Character Set.

To st XIC values, us&SetlCValues.

char * XSetIC\alues(c, ...)
XIC ic;
ic Specifies the input context.
Specifieshe variable length argument list to set XIC values.

The XSetlCValues 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 sey fafrthe following
reasons:

. The argument is read-only (for exampi\FilterEvents).
. 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 generatBadAtom, BadColor, BadCursor, BadPixmap, and BadWin-
dow errors.

To obtain XIC values, usXGetlCValues.

char * XGetIC\lues(c, ...)
XIC ic;
ic Specifies the input context.
Specifieshe 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 obtainegdbten
following reasons:

. The argument name is not recognized.
. The input method encountered an implementation-dependent error.
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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 typ¢h€ argument must be of type T*. If T itself is

a pointer type, therXGetlCValues allocates memory to store the actual data, and the client is
responsible for freeing this data by callik§ree with the returned pointerThe exception to this

rule is for an IC value of typEVaNestedList (for preedit and status atttites). Inthis 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.

13.5.6. InputContext Values

The following tables describe WoXIC values are interpreted by an input method depending on
the input style chosen by the user.

The first column lists the XICalues. Thesecond column indicates which values awelied in

affecting, negotiating, and setting the geometry of the input method wsndbhesubentries
under the third column indicate the different input styles that are supported. Each of these col-
umns indicates o each of the XIC values are treated by that input style.

The following leys gply to these tables.

Key Explanation
C This value must be set wikkCreatelC.
D This value may be set usingCreatelC. Ifitis 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 XSetICValues.
GR This value will be the response of the input method wheiGahvalue is

changed.
GS This value will cause the geometry of the input method windde ®t.
@] This value must be set once and only once. It need not be set at create time.
S This value may be set wikSetICValues.
Ignored This value is ignored by the input method for thenginput style.

Input Style
XIC Value Geometry Preedit Preedit Preedit Preedit Preedit
Management Callback Pasition Area Nothing  None

Input Style C-G C-G C-G C-G C-G
Client Windav oG Oo-G 0-G O-G Ignored
Focus Windaev 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
Destrg Callback D-S-G D-S-G D-S-G  D-S-G D-S-G
String Cowersion Callback S-G S-G S-G S-G S-G
String Cowersion 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 SG S-G S-G S-G Ignored
HotKeyState D-S-G D-S-G D-S-G D-S-G Ignored
Preedit
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Input Style
XIC Value Geometry Preedit Preedit Preedit Preedit Preedit
Management Callback Pasition Area Nothing  None
Area GS Ignored D-S-G D-S-G Ignored Ignored
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 Notify 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 Windav O-G O-G 0-G Ignored
Focus Windev 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

13.5.6.1. InputStyle

The XNInputStyle argument specifies the input style to be used. The value of this argument
must be one of the values returned byX@&etiIMValues 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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13.5.6.2. ClientwWindow

The XNClientWindow argument specifies to the input method the client windowhich the
input method can display data or create subwirsdoGeometrywalues for input method areas are
given with respect to the client windo Dynamic change of client wingois not supported.

This argument may be set only once and should be set befomgpahis done using this input
contet. If it is not set, the input method may not operate correctly.

If an attempt is made to set this value a second timeX8ttICValues, the stringXNClien-
tWindow will be returned byXSetlCValues, and the client windw will not be changed.

If the client windav is not a valid windav ID on the display attached to the input metho@aal-
Window error can be generated when this value is used by the input method.

13.5.6.3. Bcus Window

The XNFocusWindow argument specifies the focus wimdoThe primary purpose of the
XNFocusWindow is to identify the winder that will receve the key event when input is com-
posed. Irmaddition, the input method may possibly affect the focus wira®bllows:

. Select @ents on it

. Send @ents to it

. Modify its properties

. Grab the leyboard within that window

The associated value must be of tyfgendow. If the focus windw is not a valid windav 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 windde
default focus windw.

13.5.6.4. Resouwre Name and Class

The XNResourceNameand XNResourceClassarguments are strings that specify the full name
and class used by the client to obtain resources for the clientwvinidese values should be

used as prefixes for name and class when looking up resources that may vary according to the
input contet. 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.

13.5.6.5. GeometryCallback

The XNGeometryCallback argument is a structure of typ@MCallback (see section
13.5.6.13.12).

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 pgligermits an input method to request the dynamic change of
that input method'window. An input method that does dynamic change will need to filter any
events that it uses to initiate the change.

13.5.6.6. FilterEvents

The XNFilterEvents argument returns thezent mask that an input method needs techa
selected far The client is expected to augment its owane mask for the client windowith this
one.

This argument is read-onlig st by the input method at create time, and i@nehanged.
The type of this argument imsigned long Setting this value will cause an error.
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13.5.6.7. Deswy Callback

The XNDestroyCallback argument is a pointer to a structure of tyfiCallback (see section
13.5.6.13.12). Thisallback is triggered when the input method stops its service yaeason;

for example, when a connection to an IM server is @mokAfterthe destrg callback is called,

the input context is destroyed and the input method is closed. Therefore, the client should not call
XDestroylC and XCloselM.

13.5.6.8. StringConversion Callback

The XNStringConversionCallback argument is a structure of typ@MCallback (see section
13.5.6.13.12).

The XNStringConversionCallback argument specifies a string eersion callback. This call-

back is not required for correct operation of either the input method or the client. It can be set by
a dient to support string carrsions that may be requested by the input method. An input

method that does string cansions will filter ary events that it uses to initiate the a@nsion.

Because this XIC value is optional, a client should X&@ktIMValues with argument
XNQuerylCValuesList before using this argument.

13.5.6.9. StringConversion
The XNStringConversion argument is a structure of typd@MStringCon versionText.

The XNStringConversion argument specifies the string to beested by an input method.
This argument is not required for correct operation of either the input method or the client.

String cowersion facilitates the manipulation of text independent of preediting. It is essential for
some input methods and clients to manipulate text by performing contextwseamsttiersion,
recorversion, or transliteration cerrsion on it.

Because this XIC value is optional, a client should X&@ktIMValues with argument
XNQuerylCValuesList before using this argument.

The XIMStringCon versionText structure is defined as follows:

typedef struct _XIMStringCarersionText {
unsigned short length;
XIMStringCorversionFeedback *feedback;
Bool encoding_is_wchar;

union {
char *mbs;
wchar_t *wcs;
} string;

} X IMStringCorversionText;

typedef unsigned long XIMStringCeersionFeedback;
The feedback member is reserved for future use. The text to berteahis defined by the string
and length members. The length is indicated in charactergrevent the library from freeing

memory pointed to by an uninitialized pointre client should set the feedback element to
NULL.
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13.5.6.10. Reséebtate

The XNResetStateargument specifies the state the input context will return to after calling
XmbResetIC or XwcResetlIC.

The XIC state may be set to its initial state, as specified by N\#reeditState value when
XCreatelC was alled, or it may be set to preserthe 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 presene the current state
of the XIC.

If XNResetStateis left unspecified, the default ¥MinitialState .
XIMResetState values other than those specified @baill default to XIMInitialState .

Because this XIC value is optional, a client should X&@ktIMValues with argument
XNQuerylCValuesList before using this argument.

13.5.6.11. HoKeys

The XNHotKey argument specifies the hatklist to the XIC. The hotéy list is a pointer to the
structure of typeXIMHotKeyTriggers , which specifies thedy events that must be reced
without arty interruption of the input method=or the hot ley list set with this argument to be uti-
lized, the client must also sEiNHotKeyState to XIMHotKeyStateON .

Because this XIC value is optional, a client should X&@ktIMValues with argument
XNQuerylCValuesList before using this functionality.

The value of the argument is a pointer to a structure ofXypBHotKeyTriggers .

If an event for a ley in the hot ley list is found, then the process will regeihe ezent and it will
be processed inside the client.

typedef struct {
KeySym leysym;
unsigned int modifier;
unsigned int modifier_mask;
} X IMHotK eyTrigger;

typedef struct {
int num_hot_ky;,
XIMHotK eyTrigger *key;
} X IMHotK eyTriggers;

The combination of modifier and modifier_mask are used to represent one of three states for each
modifier: either the modifier must be on, or the modifier must be off, or the modifier is a “don’t
care’ — it may be on or df Whena nmodifier_mask bit is set to 0, the state of the associated

modifier is ignored whenvaluating whether thedy is hot or not.
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Modifier Bit Mask Bit Meaning

0 1 The modifier must be off.

1 1 The modifier must be on.

n/a 0 Do not care if the modifier is on or off.

13.5.6.12. HoKey State

The XNHotKeyState argument specifies the hakdate of the input method. This is usually
used to switch the input method between leyt ¢peration and normal input processing.

The value of the argument is a pointer to a structure of type XIMgi&tate .

typedef unsigned long XIMHow#yState;

#define  XIMHotKeyStateON (Ox0001L)
#define  XIMHotKeyStateOFF (Ox0002L)

If not specified, the default IMHotKeyStateOFF .

13.5.6.13. Peedit and Status Attributes

The XNPreeditAttributes and XNStatusAttributes arguments specify to an input method the
attributes to be used for the preedit and status areay, ifTaAnse attributes are passed<iBet-
ICValues or XGetICValues as a nested variable-length list. The names to be used in these lists
are described in the following sections.

13.5.6.13.1. Aea

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 tak gdace. Ifthe focus winde has been set, the coordinates are assumed
to be relatre b the focus windw. Otherwise, the coordinates are assumed to bevelatthe

client windaw. If neither has been set, the results are undefined.

If XNArea is not specified, is set to NULL, or isvaiid, the input method will default the clip-
ping region to the geometry of tdNFocusWindow. If the area specified is NULL onidid,
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 windowith dimensions that fit th¥NArea. The coordinates are rekati

to the client windw. If the client windav has not been set yet, the input method shouwld sa

these values and apply them when the client windaet. If XNArea is not specified, is set to

NULL, or is invalid, the results are undefined.

13.5.6.13.2. Aea 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.
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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 on the
input method (see section 13.5.1.5).

13.5.6.13.3. Spotocation

The XNSpotLocation argument specifies to the input method the coordinates of the spot to be
used by an input methoaeeuting with XNInputStyle set toXIMPreeditPosition. When spec-
ified to ary input method other thaxiiIMPreeditPosition , 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 focusvwiftdox and y
coordinates are relag © the focus windw, if it has been set; otherwise, yrare relatve o the

client windaw. If neither the focus wind® nor the client winder has been set, the results are
undefined.

The value of the argument is a pointer to a structure of Xygmnt.

13.5.6.13.4. 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 invdid argument may generateBadColor 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 valueAsoan that should be a valid

atom for callingXGetRGBColormaps. An invdid argument may generateBadAtom error

when it is used by the input method.

If the colormap is left unspecified, the client wimdcolormap becomes the default.

13.5.6.13.5. Breground and Background

The XNForeground and XNBackground arguments specify the foreground and background
pixel, respectiely. The argument value is of typmsigned 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.

13.5.6.13.6. Backgwvund Pixmap

The XNBackgroundPixmap argument specifies a background pixmap to be used as the back-
ground of the winde. The value must be of tydeixmap. An invdid 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.

13.5.6.13.7. Bnt 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.

13.5.6.13.8. LinéSpacing

The XNLineSpace argument specifies to the input method what line spacing is to be used in the
preedit windav if more than one line is to be used. This argument is of itytpe
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If this value is left unspecified, the default is determined by the input method.

13.5.6.13.9. 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 generateBadCursor error when it is used by the input method. If
this value is left unspecified, the default is determined by the input method.

13.5.6.13.10. Rredit State

The XNPreeditState argument specifies the state of input preediting for the input method. Input
preediting can be on or off.

The valid mask names fofNPreeditState are as follows:

typedef unsigned long XIMPreeditState;

#define  XIMPreeditUnknown oL
#define  XIMPreeditEnable 1L
#define  XIMPreeditDisable (1L<<1)

If a value ofXIMPreeditEnable is set, then input preediting is turned on by the input method.
If a value ofXIMPreeditDisable is set, then input preediting is turned lof the input method.
If XNPreeditState is left unspecified, then the state will be implementation-dependent.

When XNResetStateis set toXIMInitialState , the XNPreeditState value specified at the cre-
ation time will be reflected as the initial state ¥imbResetIC and XwcResetIC.

Because this XIC value is optional, a client should X&@ktIMValues with argument
XNQuerylCValuesList before using this argument.

13.5.6.13.11. Rredit State Notify Callback

The preedit state notify callback is triggered by the input method when the preediting state has
changed. Theaue of theXNPreeditStateNotifyCallback argument is a pointer to a structure
of type XIMCallback . The generic prototype is as follows:

void PreeditStateNotifyCallback{, client_datg call_data)
XIC ic;
XPointerclient_datg
XIMPreeditStateNotifyCallbackStructall_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;
} X IMPreeditStateNotifyCallbackStruct;
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Because this XIC value is optional, a client should X&@ktIMValues with argument
XNQuerylCValuesList before using this argument.

13.5.6.13.12. Rredit and Status Callbacks

A client that wants to support the input stidéMPreeditCallbacks must provide a set of preedit
callbacks to the input method. The set of preedit callbacks is 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 preediistrokes should be
echoed.

XNPreeditCaretCallback This is called to mee the text insertion point within the preedit
string.

A client that wants to support the input stdéMStatusCallbacks must provide a set of status
callbacks to the input method. The set of status callbacks is 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 apstatus or preedit argument is a pointer to a structure ofxyikCallback .

typedef void (*XIMProc)();

typedef struct {
XPointer client_data;
XIMProc callback;

} X IMCallback;

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 ag of these values while doing preedit may cause unexpected results.

13.5.7. InputMethod Callback Semantics

XIM callbacks are procedures defined by clients or text drawing packages that are to be called
from the input method when selecteg@s 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 thig@re 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 windo 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 callbacksaatite client to initialize the

preedit area, display awereedit string, mee te text insertion point during preedit, terminate
preedit, or update the status area.

All callback procedures folle the generic prototype:
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void CallbackPrototypeé, client_data call_data)
XIC ic;
XPointerclient_datg
SomeTypecall_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 needededhaceenan-

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.

13.5.7.1. GeometnyCallback

The geometry callback is triggered by the input method to indicate that it wants the client to
negotiate geometryThe generic prototype is as follows:

void GeometryCallback€, 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 andnays passed as NULL.

The callback is called with a NULL call_data argument.

13.5.7.2. Deswy Callback

The destry callback is triggered by the input method when it stops service yoreason. After
the callback is moked, the input context will be freed by Xlibrhe generic prototype is as fol-
lows:

void DestrgCallback {c, 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 andnays passed as NULL.

The callback is called with a NULL call_data argument.
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13.5.7.3. StringConversion Callback

The string cowersion callback is triggered by the input method to request the client to return the
string to be coverted. Thereturned string may be either a multibyte or wide character string,
with an encoding matching the locale bound to the input gbnféhecallback prototype is as
follows:

void StringCowersionCallbackic, client_data call_data)
XIC ic;
XPointerclient_datg
XIMStringCorversionCallbackStructcall_data;

ic Specifies the input method.
client_data  Specifies the additional client data.
call_data Specifies the amount of the string to beveoied.

The callback is passed &M StringCon versionCallbackStruct structure in the call_data argu-
ment. Thdaext member is aXIMStringCon versionText structure (see section 13.5.6.9) 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 #iMStringCon versionText 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. Similagrbecause the feedback element is currently reserved
for future use, the client should set feedback to NULL tegmtethe library from freeing memory

at some random location due to an uninitialized pointer.

The XIMStringCon versionCallbackStruct structure is defined as follows:

typedef struct _XIMStringCarersionCallbackStruct {
XIMStringCorwversionPosition position;
XIMCaretDirection direction;
short factor;
XIMStringCorversionOperation operation;
XIMStringCorversionText *text;

} X IMStringCorversionCallbackStruct;

typedef short XIMStringCorersionPosition;

typedef unsigned short XIMStringCasisionOperation;

#define  XIMStringCon versionSubstitution (0x0001)
#define  XIMStringCon versionRetrieval (0x0002)

XIMStringCon versionPosition specifies the starting position of the string to be returned in the
XIMStringCon versionText structure. Thealue identifies a position, in units of characters, rel-
ative 1o the clients aursor position in the clierg’tuffer.

The ending position of the text buffer is determined by the direction and factor members. Specifi-
cally, it is the character position reledi o the starting point as defined by tKkéMCaretDirec-

tion. The factor member aKIMStringCon versionCallbackStruct specifies the number of
XIMCaretDirection positions to be applied=or example, if the direction specified MLi-

neEnd and factor is 1, then all characters from the starting position to the end of the current dis-
play line are returned. If the direction specifé8iForwardChar or XIMBackwardChar |,

then the factor specifies a relatiposition, indicated in characters, from the starting position.
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XIMStringCon versionOperation specifies whether the string to be weted should be deleted
(substitution) or copied (retnel) from the clients kuffer. When theXIMStringCon versionOp-
eration is XIMStringCon versionSubstitution, the client must delete the string to beested
from its own buffer When theXIMStringCon versionOperation is XIMStringCon versionRe-
trieval, the client must not delete the string to beveoied from its buffer The substitute opera-
tion is typically used for recarrsion and transliteration ceersion, while the retrieal operation
is typically used for context-sens#i cornversion.

13.5.7.4. Peedit State Callbacks

When the input method turns preediting on or offraeditStartCallback or PreeditDoneCall-
back 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 andnays 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 strinfgpositive
number indicates the maximum number of bytes allowed in the preedit string, and a value of -1
indicates there is no limit.

void PreeditDoneCallbackg, 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 andnays passed as NULL.

When preedit stops on the specified input context, the callback is called with a NULL call_data
amgument. Thelient can release the data allocatedPogeditStartCallback.

PreeditStartCallback should initialize appropriate data needed for displaying preedit informa-
tion and for handling furthePreeditDrawCallback calls. OncePreeditStartCallback is
called, it will not be called again befoRreeditDoneCallback has been called.

13.5.7.5. Peedit Draw Callback

This callback is triggered to drveand insert, delete or replace, preedit text in the preedit region.

The preedit text may include una@nted input text such as Japanese Kanayested text such

as Japanese Kaniji characters, or characters of both kinds. That string is either a multibyte or wide
character string, whose encoding matches the locale bound to the inpxt.c@hescallback

prototype is as follows:
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void PreeditDravCallback {c, client_datg call_data)
XIC ic;
XPointerclient_datg
XIMPreeditDrawCallbackStructcall_data;

ic Specifies the input context.
client_data  Specifies the additional client data.
call_data Specifies the preedit drawing information.

The callback is passed aiMPreeditDrawCallbackStruct structure in the call_data argument.
The text member of this structure contains the text to endréfter the string has been drawn,
the caret should be med 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 */

XIMT ext *text;
} X IMPreeditDrawCallbackStruct;

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 ka ecific meanings according to the operation, as
follows:

. To indicate text deletion, the call_data member 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.

The chg_length member identifies the number of characters in the current preedit buffer
that are affected by this calR positive dhg_length indicates that chg_length number of
characters, starting at chg_first, must be deleted or must be replaced by text, whose length
is specified 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.

chg_length and chg_first combine to identify the modification required to the preedit
buffer; beginning at chg_first, replace chg_length number of characters with the text in the
suppliedXIMText structure. For example, suppose the preedit buffer contains the string
"ABCDE".

Text: A BCDE

CharPos: 0 12345

The CharPos in the diagram shows the location of the character positiorerieltite
character.

If the value of chg_first is 1 and the value of chg_length is 3, this says to replace 3 charac-
ters beginning at character position 1 with the string inxiiMText structure. Hence,
BCD would be replaced by the value in the structure.
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Though chg_length and chg_first are both signed integersvilenever havea negdive
value.

. The caret member identifies the character position before which the cursor should be placed
— after modification to the preedit buffer has been complekad example, if caret is zero,
the cursor is at the beginning of the buffdrthe caret is one, the cursor is between the first
and second character.

typedef struct _XIM&xt {
unsigned short length;
XIMFeedback * feedback;
Bool encoding_is_wchar;
union {
char * multi_byte;
wchar_t * wide_chatr;
} string;
} X IMTex;

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. The text string may be passed either as multibyte or as
wide character; the input method controls in which form data is passed. Thes chént’
back routine must be able to handle data passed in either form.

. The string member is the text string.

. The feedback member indicates rendering type for each character in the string.mémber
string is NULL (indicating that only highlighting of the existing preedit buffer should be
updated), feedback points to length highlight elements that should be applied to the existing
preedit bufferbegnning at chg_first.

The feedback member expresses the types of rendering feedback the callback should apply when
drawing tet. Renderingpf the text to be drawn is specified either in generic ways (for example,
primary, secondary) or in specific ways yese, underline). When generic indications axemwi

the client is free to choose the rendering style. It is nece$wmavgve, that primary and sec-

ondary be mapped to ondistinct 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 a specific waihe XIMVisibleToForward , XIMVisibleTo-
Backward, and XIMVisibleCenter masks are excluggly used for these visibility hints. The
XIMVisibleToForward mask indicates that the preedit text is preferably displayed in the pri-
mary drav direction from the caret position in the preedit area &dv TheXIMVisibleTo-

Backward mask indicates that the preedit text is preferably displayed from the caret position in
the preedit area backward, relatio the primary drev direction. TheXIMVisibleCenter mask
indicates that the preedit text is preferably displayed with the caret position 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 egiinput context at one time. This feedback may be OR’ed
together with another highlight (such 4BVIRe verse). Onlythe most recently set feedback is

valid, and ay previous feedback is automatically canceled. This is a hint to the client, and the
client is free to choose tato display the preedit string.

The feedback member also specifieg lnendering of the text argument should be performed. If
the feedback is NULL, the callback should apply the same feedback as is used for the
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surrounding characters in the preedit buffer; if chg_first is at a highlight boutigagfient can
choose which of the twhighlights to use. If feedback is not NULL, feedback 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, tdMText structure will contain a NULL value for the string

field, the number of characters affected (retatd chg_first) will be in the length field, and the
feedback field will point to an array ofiMFeedback.

Each element in the feedback array is a bitmask represented by a valueXiMyeedback.
The valid mask names are as follows:

typedef unsigned long XIMFeedback;

#define  XIMReverse 1L
#define  XIMUnderline (1L<<1)
#define  XIMHighlight (1L<<2)
#define  XIMPrimary (1L<<5)t
#define  XIMSecondary (1L<<6)t
#define  XIMTertiary (AL<<7)t
#define  XIMVisibleToForward (1L<<8)
#define  XIMVisibleToBackward (1L<<9)
#define  XIMVisibleCenter (1L<<10)

Characters drawn with thélMRe verse highlight should be drawn by swapping the foreground
and background colors used towraormal, unhighlighted characters. Characters drawn with the
XIMUnderline highlight should be underlined. Characters drawn withxti@Highlight ,
XIMPrimary , XIMSecondary, and XIMTertiary highlights should be drawn in some unique
manner that must be different frodiMRe verse and XIMUnderline .

13.5.7.6. Peedit Caret Callback

An input method may ha& its own navigation &ys to dlow the user to mee the text insertion
point in the preedit area (for example, towadmckward or fonard). Consequentlynput

method needs to indicate to the client that it shouldentee text insertion point. It then calls the
PreeditCaretCallback.

void PreeditCaretCallbackq, 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 torethe text insertion point during
preedit. Thecall_data argument contains a pointer toxdMPreeditCaretCallbackStruct
structure, which indicates where the caret should betnorhecallback must nee the

1 The values forXIMPrimary , XIMSecondary, and XIMTertiary were incorrectly defined in the R5 specificatidrhe X Consor
tium’s X11R5 implementation correctly implemented the values for these highlights. The value of these highlights has been corrected in this
specification to agree with the values in the Consorst1R5 and X11R6 implementations.
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insertion point to its ne location and return, in field position, theaneffset 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 mas drection */
XIMCaretStyle style; I* Feedback of the caret */

} X IMPreeditCaretCallbackStruct;

The XIMCaretStyle structure is defined as follows:

typedef enum {
XIMIslnvisible,
XIMIsPrimary,
XIMIsSecondary
} X IMCaretStyle;

/* Disable caret feedback */
/* Ul defined caret feedback */
/* Ul defined caret feedback */

The XIMCaretDirection structure is defined as follows:

typedef enum {
XIMForwardChar XIMBackwardCharr,
XIMForwardWord, XIMBackwardWord,
XIMCaretUp, XIMCaretDown,
XIMNextLine, XIMPreviousLine,
XIMLineStart, XIMLineEnd,
XIMAbsolutePosition,
XIMDontChange,

} X IMCaretDirection;

These values are defined as follows:

XIMForwardChar
XIMBackwardChar
XIMForwardWord
XIMBackwardWord
XIMCaretUp
XIMCaretDown
XIMPr eviousLine
XIMNextLine
XIMLineStart

XIMLineEnd

XIMAbsolutePosition

XIMDontChange

Move the caret forward one character position.

Move the caret backward one character position.

Move the caret forward one word.

Move the caret backward one word.

Move the caret up one line keeping the current horizontal offset.
Move the caret down one line keeping the current horizontal offset.
Move the caret to the beginning of the previous line.

Move the caret to the beginning of the next line.

Move the caret to the beginning of the current display line that con-
tains the caret.

Move the caret to the end of the current display line that contains the
caret.

The callback must me t the location specified by the position field
of the callback data, indicated in characters, starting from the begin-
ning of the preedit t&¢. Hencea value of zero means me back to

the beginning of the preedit text.

The caret position does not change.
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13.5.7.7. Statuallbacks

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-
DoneCallback, and StatusDrawCallback.

When the input context is created or gains focus, the input method calls the StatusStartCallback
callback.

void StatusStartCallbackq, 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 andnays passed as NULL.

The callback should initialize appropriate data for displaying status and for responding to Status-
DrawcCallback calls. Once StatusStartCallback is called, it will not be called again before Status-
DoneCallback has been called.

When an input context is destroyed or when it loses focus, the input method calls Status-
DonecCallback.

void StatusDoneCallbacid, 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 andnays passed as NULL.
The callback may releaseyadata allocated ostatusStart.
When an input context status has to be updated, the input method calls StatusDrawCallback.

void StatusDrevCallback {c, client_data 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,
} X IMStatusDataType;

typedef struct _XIMStatusDrawCallbackStruct {
XIMStatusDataType type;
union {
XIMT ext *text;
Pixmap bitmap;
} data;
} X IMStatusDrawCallbackStruct;

The feedback styleXIMVisibleToForward , XIMVisibleToBackward , and XIMVisibleTo-
Center are not releant and will not appear in th&IMFeedback element of theXIMText struc-
ture.

13.5.8. Eent Filtering

Xlib provides the ability for an input method to register a filter internal to. Xiius filter is

called by a client (or toolkit) by callingFilterEvent after callingXNextEvent. Any dient that
uses theXIM interface should calKFilterEvent to allow input methods to process theiests
without knowledge of the cliest’dspatching mechanismA client’s user interface policmay
determine the priority ofvent filters with respect to othevent-handling mechanisms (for exam-
ple, modal grabs).

Clients may not kn@ how mary filters there are, if anand what thg do. They may only know
if an event has been filtered on return XFilterEvent . Clients should discard filteredents.

To filter an @ent, useXFilterEvent .

Bool XFilterEvent (event, w)
XEvent *event;
Windoww;
ewent Specifies thewent to filter.
w Specifies the winde for which the filter is to be applied.

If the windov argument isNone, XFilterEvent applies the filter to the wineospecified in the
XEvent structure. Thevindow argument is provided so that layers abXlib that do &ent redi-
rection can indicate to which windaan event has been redirected.

If XFilterEvent returnsTrue, then some input method has filtered theng and the client
should discard thevent. If XFilterEvent returnsFalse, then the client should continue process-
ing the @ent.

If a grab has occurred in the client axBilterEvent returnsTr ue, the client should ungrab the
keyboard.

13.5.9. Gettingkeyboard Input
To get composed input from an input method, ¥sebLookupString or XwcLookupString .
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int XmbLookupStringic, event, buffer_return, bytes_bufferkeysym_returnstatus_returi
XIC ic;
XKeyPressedEventeient
char *buffer_return;
int bytes_buffer
KeySym *keysym_return
Status status_return

int XwcLookupString(c, event, buffer_return, bytes_bufferkeysym_returnstatus_returi
XIC ic;
XKeyPressedEventeient,
wchar_t *buffer_return;
int wchars_ buffer
KeySym *keysym_return
Status status_return

ic Specifies the input context.

ewent Specifies the éy event to be used.

buffer_return Returns a multibyte string or wide character string (if)afiom the input
method.

bytes_buffer
wchars_buffer Specifies spacevailable in the return buffer.

keysym_return Returns the KySym computed from thevent 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_returgament. Ifno string is returned, the buffer_return argu-
ment is unchanged.

The KeySym into which the KyCode from thewent 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 andey8ym are returned, theeSym 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. BofmbLookupString and XwcLookupString return text
in the encoding of the locale bound to the input method of the specified input context.

Each string returned by¥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 paskeyfyess
events toXmbLookupString and XwcLookupString. Their behavior when a
client passes KeyReleaseevent is undefined.

Clients should check the status_return argument before using the other retdwesd These
two functions both return a value to status_return that indicates what has been returned in the
other aguments. Th@ossible values returned are:
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XBufferOverflow The input string to be returned is too large for the supplied
buffer_return. Theequired size XmbLookupString in bytes;
XwcLookupString in characters) is returned as the value of the func-
tion, and the contents of buffer_return amrgdym_return are not
modified. Theclient should recall the function with the samers
and a buffer of adequate size to obtain the string.

XLookupNone No consistent input has been composed soTae contents of
buffer_return anddéysym_return are not modified, and the function
returns zero.

XLookupChars Some input charactersyeableen composed. Theare 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
contet. Thecontent of the &ysym_return argument is not modified.

XLookupKeySym A KeySym has been returned instead of a string and is returned in
keysym_return. Theontent of the buffer_return argument is not
modified, and the function returns zero.

XLookupBoth Both a keySym and a string are returnedl.ookupChars and
XLookupKeySym occur simultaneously.

It does not ma& eny dfference if the input context passed as an argumeXtrtbLookupString

and XwcLookupString is the one currently in possession of the focus or not. Input may ha

been composed within an input context before it lost the focus, and that input may be returned on
subsequent calls tdmbLookupString or XwcLookupString even though it does not lva ay

more leyboard focus.

13.5.10. InputMethod Conventions

The input method architecture is transparent to the client. Howdients should respect a num-
ber of cowentions in order to work properlyClients must also benare of possible effects of
synchronization between input method and library in the case of a remote input server.

13.5.10.1. ClientConventions

A well-behaed dient (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.

13.5.10.2. Synchonization Corventions

A KeyPressevent with a KeyCode of zero is used excludly as a signal that an input method
has composed input that can be returneXimpLookupString or XwcLookupString. No
other use is made oftéeyPressevent with KeyCode of zero.

Such an eent may be generated by either a front-end or a back-end input method in an imple-
mentation-dependent manné&ome possible ways to generate thieng include:

. A synthetic gent sent by an input method server
. An atificial event created by a input method filter and pushed onto a diemfit queue
. A KeyPressevent whose keyCode value is modified by an input method filter

When callback support is specified by the client, input methods will nr@gtéikn unless they
explicitly called back the client and obtained no response (the callback is not specified or returned
invalid data).
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13.6. StringConstants

The following symbols for string constants are defined{t ¥ Xlib.h>. Althoughthey are
shown here with particular macro definitions ytheay be implemented as macros, as global

symbols, or as a mixture of thedw Thestring pointer value itself is not significant; clients must

libX11 1.3.2

not assume that inequality ofdwalues implies inequality of the actual string data.

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

XNVaNestedList
XNSeparatorofNestedList
XNQuerylnputStyle
XNClientWindow
XNInputStyle
XNFocusWindow
XNResourceName
XNResourceClass
XNGeometryCallback
XNDestroyCallback
XNFilterEvents
XNPreeditStartCallback
XNPreeditDoneCallback
XNPreeditDrawCallback
XNPreeditCaretCallback
XNPreeditStateNotifyCallback
XNPreeditAttributes
XNStatusStartCallback
XNStatusDoneCallback
XNStatusDrawCallback
XNStatusAttributes
XNArea

XNAreaNeeded
XNSpotLocation
XNColormap
XNStdColormap
XNForeground
XNBackground
XNBackgroundPixmap
XNFontSet

XNLineSpace

XNCursor
XNQuerylMValuesList
XNQuerylCValuesList
XNStringConversionCallback
XNStringConversion
XNResetState

XNHotKey
XNHotKeyState
XNPreeditState
XNVisiblePosition
XNR6PreeditCallbackBehavior
XNRequiredCharSet
XNQueryOrientation
XNDirectionalDependentDrawing
XNContextualDrawing
XNBaseFontName
XNMissingCharSet
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"XNVaNestedList"
"separatorofNestedList"
"querylnputStyle"
"clientWindow"
"inputStyle"
"focusWindow"
"resourceName"
"resourceClass"
"geometryCallback"
"destroyCallback"
"filterEvents"
"preeditStartCallback"
"preeditDoneCallback"
"preeditDrawCallback”
"preeditCaretCallback"
"preeditStateNotifyCallback"
"preeditAttributes”
"statusStartCallback"
"statusDoneCallback"
"statusDrawCallback"
"statusAttributes"”
"area"

"areaNeeded"
"spotLocation”
"colorMap”
"stdColorMap"
"foreground”
"background"”
"backgroundPixmap”
"fontSet"

"lineSpace”

"cursor”
"querylMValuesList"
"querylCValuesList"
"stringCorversionCallback”
"stringCorversion”
"resetState"

"hotkey"

"hotkeyState"
"preeditState”
"visiblePosition"
"r6PreeditCallback"
"requiredCharSet"
"queryOrientation”
"directionalDependentDrawing
"contextualDrawing"
"baseFontName"
"missingCharSet"
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#define  XNDefaultString "defaultString"
#define  XNOrientation "orientation"
#define  XNFontinfo "fontInfo"
#define  XNOMAutomatic "omAutomatic"
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Chapter 14

Inter-Client Communication Functions

Thelnter-Client Communication Conventions Manu#reafter referred to as the ICCCM,

details the X Consortium apprad corventions that geern inter-client communications. These
cornventions ensure peer-to-peer client cooperation in the use of selections, cut buffers, and shared
resources as well as client cooperation with wmdnd session managerBor further informa-

tion, see thénter-Client Communication Conventions Manual

Xlib provides a number of standard properties and programming interfaces that are ICCCM com-
pliant. Thepredefined atoms for some of these properties are defined iXiiéxatom.h>

header file, where toreid name conflicts with user symbols th#aefine name has an XA_ pre-

fix. For further information about atoms and properties, see section 4.3.

Xlib’s ¢lection 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 windo and session managers as well as share standard colormaps.

The standard properties that are of special interest for communicating withwandsession
managers are:

Name Type Format Description

WM_CLASS STRING 8 Set by application programs to allow
window and session managers to
obtain the applicatios’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 windw IDs that may

need a different colormap from that
of their top-level window.

WM_COMMAND TEXT The command and arguments, null-
separated, used tovimke the appli-
cation.

WM_HINTS WM_HINTS 32 Additional hints set by the client for

use by the winde manager The C
type of this property iXWMHints .

WM_ICON_NAME TEXT The name to be used in an icon.

WM_ICON_SIZE WM_ICON_SIZE 32 The windev manager may set this
property on the root windoto
specify the icon sizes it supports.
The C type of this property is
XlconSize.

WM_NAME TEXT The name of the application.
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Name Type

Format

Description

WM_NORMAL_HINTS WM_SIZE_HINTS 32

WM_PROTOCOLS ATOM 32
WM_STATE WM_STATE 32
WM_TRANSIENT_FOR WINDOW 32

Size hints for a windwin its
normal state. The C type of this
property isXSizeHints.

List of atoms that identify the com-
munications protocols between the
client and windav manager in
which the client is willing to partici-
pate.

Intended for communication
between winde and session man-
agers only.

Set by application programs to indi-
cate to the winde manager that a
transient top-teel window, such as a
dialog box.

The remainder of this chapter discusses:

. Client to windav manager communication
. Client to session manager communication
. Standard colormaps

14.1. Clientto Window Manager Communication

This section discusseswao:

. Manipulate top-leel windows

. Corvert 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_RIR OCOLS property

. Set and read the WM_COLORMAP_WINDOWS property

. Set and read the WM_ICON_SIZE property
. Use windav manager covenience functions

14.1.1. Manipulating Top-Level Windows

Xlib provides functions that you can use to change the visibility or size ofvepalgrdows (that
is, those that were created as children of the root wiphddlotethat the subwindows that you
create are ignored by windananagers. Thereforgpu should use the basic winddunctions
described in chapter 3 to manipulate your applicatiawindows.

To request that a topatel window be iconified, useXlconifyWindow .
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Status XlconifyWindwv (display, w, screen_numbér
Display *display;
Windoww;
int screen_number

display Specifies the connection to the X server.
w Specifies the winde.
screen_numbeBpecifies the appropriate screen number on the host server.

The XlconifyWindow function sends a WM_CHANGE_S&TE ClientMessageevent with a

format of 32 and a first data elementadnicState (as described in section 4.1.4 of theer-

Client Communication Conventions Manuaid a windev of w to the root windav of the speci-

fied screen with anvent mask set t&ubstructureNotifyMask | SubstructureRedirectMask.

Windowv managers may elect to reeeitis message and if the winglas in its normal state, may

treat it as a request to change the windatete from normal to iconic. If the

WM_CHANGE_SRATE property cannot be interned{]conifyWindow 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 topatel window be withdrawn, useXWithdrawWindow .

Status XWithdrawWindw (display w, screen_numbér
Display *display;
Windoww;
int screen_number

display Specifies the connection to the X server.

w Specifies the winde.
screen_numbeBpecifies the appropriate screen number on the host server.

The XWithdrawWindow function unmaps the specified wivdand sends a synthetldnmap-
Notify event to the root winde of the specified screeWindov managers may elect to recei
this message and may treat it as a request to change the veig@oeto withdravn. Whena
window is in the withdrawn state, neither its normal nor its iconic representations is visible. It
returns a nonzero status if tbenmapNotify event is successfully sent; otherwise, it returns a
zero status.

XWithdrawWindow can generate BadWindow error.

To request that a topatel window be reconfigured, usXReconfigureWMWindow .
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Status XReconfigureWMWindw(display, w, screen_numbewralue_maskvalueg
Display *display;
Windoww;
int screen_number
unsigned invalue_mask

XWindowChanges values
display Specifies the connection to the X server.
w Specifies the winde.

screen_numbeBpecifies the appropriate screen number on the host server.

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

values Specifies theXWindowChanges structure.

The XReconfigureWMWindow function issues &onfigureWindow request on the specified
top-level window. If the stacking mode is changed and the request fails viddd&latch error,
the error is trapped by Xlib and a synthe@ionfigureRequestEventcontaining the same config-
uration parameters is sent to the root of the specified winsidndow managers may elect to
receve this event and treat it as a request to reconfigure the indicated winidoeturns a
nonzero status if the request et is successfully sent; otherwise, it returns a zero status.

XReconfigureWMWindow can generat®BadValue and BadWindow errors.

14.1.2. Conwerting String Lists

Many of the text properties allwa variety of types and formats. Because the data stored in these
properties are not simple null-terminated stringsX@axtProperty structure is used to describe
the encoding, type, and length of the text as well asltey TheXTextProperty structure con-
tains:

typedef struct {

unsigned char *alue; [*property data */

Atom encoding; /* type of property */

int format; /*8, 16, or 32 */

unsigned long nitems; /* number of items in value */
} X TextProperty;

Xlib provides functions to caert localized text to or from encodings that support the inter-client
communication corentions for t&t. In addition, functions are provided for a@nting 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 eSianessas zero,
specific error conditions asgetive rumbers, and partial ceersion as a count of uncestible
characters.
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#define  XNoMemory -1
#define  XLocaleNotSupported -2
#define  XConverterNotFound -3
typedef enum {
XStringStyle, [*STRING */
XCompoundE&xtStyle, [*COMPOUND_TEXT */
XTextStyle, [*text in owners encoding (current locale) */
XStdICCTextStyle [* STRING, else COMPOUND_TEXT */

} X ICCEncodingStyle;

To corvert a list of text strings to aKTextProperty structure, us&XmbTextListToTextProp-
erty or XwcTextListToTextProperty .

int XmbTextListToTextProperty fisplay, list, count, style, text_prop_returi
Display *display;
char **ist;
int count,
XICCEncodingStylestyle;
XTextProperty text_prop_return

int XwcTextListToTextProperty ¢lisplay, list, count, style, text_prop_returt
Display *display;
wchar_t *ist;
int count,
XICCEnNcodingStylestyle;
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_returReturns 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 stringA.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 tdtam for the specified display
naming the encoding determined by the specified style anverttime 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 “STRINGr *‘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 “STRINGS t he text is fully cowmert-

ible to STRING, else “COMPOUND_TEXT".

If insufficient memory is &ilable for the ne value string, the functions retuXNoMemory . If
the current locale is not supported, the functions refluocaleNotSupported. In both of these
error cases, the functions do not set text_prop_return.
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To determine if the functions are guaranteed not to reXirocaleNotSupported, use XSup-
portsLocale.

If the supplied text is not fully ceertible to the specified encoding, the functions return the num-
ber of uncowertible characters. Each unagntible character is caerted to an implementation-
defined and encoding-specific default string. Otherwise, the functions Bcoess Note that

full convertibility to all styles excepXStringStyle is guaranteed.

To free the storage for the value field, uderee.

To dbtain a list of text strings from axiTextProperty structure, us&XmbTextPropertyTo-
TextList or XwcTextPropertyToTextList .

int XmbTextPropertyToExtList(display, text_prop list_return, count_returr)
Display *display;
XTextProperty text_prop
char ***list_return;
int *count_return

int XwcTextPropertyToExtList (display, 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. Thelata 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-termingatied: an
minating null should not be included in text_prop.nitems.

If insufficient memory is &ilable for the list and its element&mbTextPropertyToTextList

and XwcTextPropertyToTextList return XNoMemory. If the current locale is not supported,
the functions returiXLocaleNotSupported. Otherwise, if the encoding field of text_prop is not
corvertible to the encoding of the current locale, the functions reX@anverterNotFound .

For supported locales, existence of awenter from COMPOUND_TEXTSTRING or the
encoding of the current locale is guaranteedSupportsLocale returnsTr ue for the current
locale (but the actual text may contain unastible characters). Cwoersion of other encodings
is implementation-dependent. In all of these error cases, the functions do ngtreg¢tiamval-
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.

If the value field of text_prop is not fully ceertible to the encoding of the current locale, the
functions return the number of uneertible characters. Each unaantible character is con-
verted to a string in the current locale that is specific to the current IoGalgbtain the value of
this string, useXDefaultString . Otherwise,XmbTextPropertyToTextList and XwcTextProp-
ertyToTextList returnSuccess
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To free the storage for the list and its contents returnexinlyTextPropertyToTextList , use
XFreeStringList. To free the storage for the list and its contents returnexiiayTextProperty-
ToTextList , use XwcFreeStringList .

To free the in-memory data associated with the specified wide character string list, use
XwcFreeStringList .

void XwcFreeStringListlist)
wchar_t *ist;

list Specifies the list of strings to be freed.
The XwcFreeStringList function frees memory allocated BywcTextPropertyToTextList .
To dbtain the default string for text cesrsion in the current locale, ug@®efaultString .

char *XDefaultString ()

The XDefaultString function returns the default string used by Xlib for textveosion (for
example, inXmbTextPropertyToTextList ). Thedefault string is the string in the current locale
that is output when an unacgamtible character is found during text e@rsion. Ifthe string
returned byXDefaultString is the empty string ("), no character is output in thevedad 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 anvdid codepoint is supplied to grXlib 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 Xlib.

To =t the specified list of strings in the STRING encoding XdextProperty structure, use
XStringListToTextProperty .

Status XStringListTo@xtProperty (ist, count text_prop_returi
char **ist;
int count,
XTextProperty text_prop_return

list Specifies a list of null-terminated character strings.
count Specifies the number of strings.
text_prop_returReturns theXTextProperty structure.

The XStringListToTextProperty function sets the specifiedTextProperty to be of type

STRING (format 8) with a value representing the concatenation of the specified list of null-sepa-
rated character strings. An extra null byte (which is not included in the nitems member) is stored
at the end of the value field okteprop_return. Thsetrings are assumed (without verification) to

be in the STRING encoding. If insufficient memoryvsikable for the ne value string,
XStringListToTextProperty does not set gfields in theXTextProperty structure and returns

a zero status. Otherwise, it returns a honzero staladree the storage for the value field, use
XFree.
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To dbtain a list of strings from a specifiedextProperty structure in the STRING encoding,
useXTextPropertyToStringList .

Status XExtPropertyDStringList ¢ext_prop list_return, count_returr)
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. Thelata 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-ter-
minated. Ifinsufficient memory is\ailable for the list and its element&TextProperty-

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 contents XfSeeStringList .

To free the in-memory data associated with the specified string lisKRreeStringList .

void XFreeStringList(ist)
char **list;

list Specifies the list of strings to be freed.

The XFreeStringList function releases memory allocatedXmbTextPropertyToTextList and
XTextPropertyToStringList and the missing charset list allocatedX@reateFontSet

14.1.3. Settingand Reading Text Properties

Xlib provides two functions that you can use to set and read the text properties ¥enavai-

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). Inaddition, Xlib pro-
vides separate ceenience functions that you can use to set each of these prop&didsirther
information about these ceenience functions, see sections 14.1.4, 14.1.5, 14.2.1, and 14.2.2,
respectiely.

To st one of a windovg text properties, usXSetTextProperty.

void XSetTextProperty display, w, text_prop property)
Display *display;
Windoww;
XTextProperty text_prop
Atom property;
display Specifies the connection to the X server.
w Specifies the winde.
text_prop Specifies theXTextProperty structure to be used.

property Specifies the property name.

325



Xlib = C Library libX11 1.3.2

The XSetTextProperty function replaces the existing specified property for the named window
with the data, type, format, and humber of items determined by the value field, the encoding field,
the format field, and the nitems field, respestyi, of the specifiedXTextProperty structure. If

the property does not already exi¥6etTextProperty sets it for the specified windo

XSetTextProperty can generatBadAlloc, BadAtom, BadValue, and BadWindow errors.

To read one of a window'text properties, us&XGetTextProperty .

Status XGet@&xtProperty ¢lisplay, w, text_prop_returpproperty)

Display *display;

Windoww;

XTextProperty text_prop_return

Atom property;,
display Specifies the connection to the X server.
w Specifies the winde.
text_prop_returReturns theXTextProperty structure.
property Specifies the property name.

The XGetTextProperty function reads the specified property from the wim@nd stores the

data in the returnedTextProperty structure. listores 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 ®f terop_return. Thearticular interpretation of the
propertys encoding and data as text is left to the calling application. If the specified property
does not exist on the windp XGetTextProperty 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 inXfiextProperty structure XGetTextProperty
returns a nonzero status; otherwise, it returns a zero status.

XGetTextProperty can generat®adAtom and BadwWindow errors.

14.1.4. Settingand Reading the WM_NAME Property

Xlib provides comenience functions that you can use to set and read the WM_NAME property
for a given window.

To st a windows WM_NAME property with the supplied cegenience function, usXSetWM-
Name.

void XSetWMName(isplay, w, text_prop

Display *display;

Windoww;

XTextProperty text_prop
display Specifies the connection to the X server.
w Specifies the winde.

text_prop Specifies theXTextProperty structure to be used.

The XSetWMName corvenience function callXSetTextProperty to set the WM_NAME prop-
erty.
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To read a windovs WM_NAME property with the supplied caenience function, use
XGetWMName.

Status XGetWMNamaedisplay, w, text_prop_returi
Display *display;
Windoww;
XTextProperty text_prop_return
display Specifies the connection to the X server.
w Specifies the winde.

text_prop_returReturns theXTextProperty structure.

The XGetWMName corvenience function callXGetTextProperty to obtain the WM_NAME
property It returns a nonzero status on success; otherwise, it returns a zero status.

The following two functions hge keen superseded ¥SetWMName and XGetWMName,
respectrely. You can use these additional eemience functions for winde names that are
encoded as STRING properties.

To assign a name to a winadpuse XStoreName.

XStoreNamedisplay, w, window_namg
Display *display;
Windoww;
char *window_name

display Specifies the connection to the X server.

w Specifies the winde.
window_name Specifies the winde name, which should be a null-terminated string.

The XStoreName function assigns the name passed to window_name to the specifiedvwindo

A window manager can display the windmame in some prominent place, such as the title bar,

to allow users to identify windows easilySome windav managers may display a wind@vame

in the windows icon, although theare encouraged to use the windsuzZon 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 winag use XFetchName.

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 winde.

window_name_return
Returns the winde name, which is a null-terminated string.

The XFetchNamefunction returns the name of the specified wimddf it succeeds, it returns a
nonzero status; otherwise, no name has been set for thenyemdbit returns zero. If the
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WM_NAME property has not been set for this wing&XFetchName 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. Whefimished with it, a client must free the windmame string using<Free.

XFetchName can generate BadWindow error.

14.1.5. Settingand Reading the WM_ICON_NAME Property

Xlib provides comenience functions that you can use to set and read the WM_ICON_NAME
property for a gien window.

To =t a windows WM_ICON_NAME property use XSetWMIconName.

void XSetWMIconNamedisplay, w, text_prop

Display *display;

Windoww;

XTextProperty text_prop
display Specifies the connection to the X server.
w Specifies the winde.

text_prop Specifies theXTextProperty structure to be used.

The XSetWMIconName corvenience function callXSetTextProperty to set the
WM_ICON_NAME property.

To read a windovs WM_ICON_NAME property use XGetWMIconName.

Status XGetWMIconNamel{splay, w, text_prop_returi
Display *display;
Windoww;
XTextProperty text_prop_return
display Specifies the connection to the X server.
w Specifies the winde.

text_prop_returReturns theXTextProperty structure.

The XGetWMIconName corvenience function callXGetTextProperty to obtain the
WM_ICON_NAME property It returns a nonzero status on success; otherwise, it returns a zero
status.

The next tvo functions hae been superseded B¥SetWwMIconName and XGetWMIconName,
respectrely. You can use these additional eemience functions for winde names that are
encoded as STRING properties.

To st the name to be displayed in a windeigbn, useXSetlconName
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XSetlconNamedisplay, w, icon_namé
Display *display;
Windoww;
char icon_name

display Specifies the connection to the X server.

w Specifies the winde.
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 windowants displayed in its icon, ug&eticonName.

Status XGetlconNamel{splay, w, icon_name_returh
Display *display;
Windoww;
char **icon_name_return

display Specifies the connection to the X server.

w Specifies the winde.

icon_name_return
Returns the window'icon name, which is a null-terminated string.

The XGetlconName function returns the name to be displayed in the specified wisdoovi. If

it succeeds, it returns a nonzero status; otherwise, if no icon name has been set for thatwindo
returns zero. If you n@r assigned a name to the windaXGetlconName 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 usingXFree.

XGetlconName can generate BadWindow error.

14.1.6. Settingand Reading the WM_HINTS Property

Xlib provides functions that you can use to set and read the WM_HINTS property ¥ena gi
window. These functions use the flags and XWg¢MHints structure, as defined in the
<X11/Xutil.h> header file.

To dlocate anXWMHints structure, useXAllocWMHints .

XWMHints *XAllocWMHints ()

The XAllocWMHints function allocates and returns a pointer toxAdMHints structure. Note
that all fields in theXWMHints structure are initially set to zero. If insufficient memoryvaila
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 (IL << 1)
#define  IconPixmapHint (1L << 2)
#define  IlconWindowHint (AL << 3)
#define  IconPositionHint (AL << 4)
#define  IconMaskHint (1L << 5)
#define  WindowGroupHint (1L << 6)
#define  UrgencyHint (1L << 8)
#define  AllHints (InputHint|StateHint|lconPixmapHint|

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 wimdmanager to
get keyboard input? */
int initial_state; /* see belo*/
Pixmap icon_pixmap; [* pixmap to be used as icon */
Windaw icon_windav; /* window to be wsed as icon */
int icon_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 windw group */
/* this structure may be extended in the future */
} X WMHints;

The input member is used to communicate to the windanager the input focus model used by

the application. Applications that expect input butanexplicitly set focus to ayof their sub-
windows (that is, use the push model of focus management), such as X Version 10 style applica-
tions that use real-estatewan focus, should set this memberTioue. Similarly, gpplications

that set input focus to their subwindows only when itvemgto their top-level window by a win-

dow manager should also set this membefitae. Applications that manage their own input

focus by explicitly setting focus to one of their subwindows whemnley want keyboard input

(that is, use the pull model of focus management) should set this meniatseio Applications

that never expect ay keyboard input also should set this membeFatse.

Pull model windav managers should mekt possible for push model applications to get input by
setting input focus to the topvid windows of applications whose input membeTisie. Push
model windev managers should malaure that pull model applications do not break them by
resetting input focus tBainterRoot when it is appropriate (for example, wheeean gplica-

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
for nonrectangular icons. Both icon_pixmap and icon_mask must be bitmaps. The icon_window
lets an application provide a wingdor use as an icon for windomanagers that support such

use. Thevindow_group lets you specify that this windbelongs to a group of other windows.

For example, if a single application manipulates multiple tof@llevindows, this allows you to
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provide enough information that a windonanager can iconify all of the windows rather than
just the one windw.

The UrgencyHint flag, if set in the flags field, indicates that the client deems the wiooio-

tents to be urgent, requiring the timely response of the Uiderwindav manager will make
some effort to dna the users dtention to this winde while this flag is set. The client must pro-
vide some means by which the user can cause the yrfj@gdo be cleared (either mitigating the
condition that made the windourgent or merely shutting bthe alarm) or the windoto be
withdrawn.

To =t a windows WM_HINTS property use XSetWMHints .

XSetWMHints display, w, wmhintg
Display *display;
Windoww;
XWMHints *wmbhints

display Specifies the connection to the X server.
w Specifies the winde.
wmhints Specifies theXWMHints structure to be used.

The XSetWMHints function sets the winde manager hints that include icon information and
location, the initial state of the windpand whether the application relies on the wiwdoan-
ager to get &board input.

XSetWMHints can generatBadAlloc and BadWindow errors.
To read a windove WM_HINTS property use XGetWMHints .

XWMHints *XGetWMHints (display, w)

Display *display;

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

The XGetWMHints function reads the windomanager hints and returns NULL if no
WM_HINTS property was set on the wind@r returns a pointer to akWMHints structure if it
succeeds. Whelinished with the data, free the space used for it by califge.

XGetWMHints can generate BadWindow error.

14.1.7. Settingand 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 and K8izeHints structure, as defined in the
<X11/Xutil.h> header file.

The size of theXSizeHints structure may gw in future releases, asweomponents are added
to support ne ICCCM features Passing statically allocated instances of this structure into Xlib
may result in memory corruption when running against a future release of the lissaych, it

is recommended that only dynamically allocated instances of the structure be used.

To dlocate anXSizeHints structure, useXAllocSizeHints.
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XSizeHints *XAllocSizeHintg)

The XAllocSizeHints function allocates and returns a pointer toX@izeHints structure. Note
that all fields in theXSizeHints structure are initially set to zero. If insufficient memorywvaila
able, XAllocSizeHints returns NULL. To free the memory allocated to this structure, use
XFree.

The XSizeHints structure contains:

/* 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  PAllHints (PPosition|PSize|

PMinSize|PMaxSize|
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 */
} X SizeHints;

The x, y width, and height members aremobsolete and are left solely for compatibility rea-

sons. Themin_width and min_height members specify the minimum wingee that still

allows the application to be useful. The max_width and max_height members specify the maxi-
mum windav size. Thewidth_inc and height_inc members define an arithmetic progression of

sizes (minimum to maximum) into which the windprefers to be resized. The min_aspect and
max_aspect members are expressed as ratios of x amtlthey allow an gplication to specify

the range of aspect ratios it prefers. The base_width and base_height members define the desired
size of the winde. The windav manager will interpret the position of the winvdand its border

width to position the point of the outer rectangle of therall window specified by the win_grav-

ity member The outer rectangle of the windaoncludes ay borders or decorations supplied by

332



Xlib = C Library libX11 1.3.2

the windav manager In other words, if the winde manager decides to place the windohere
the client asked, the position on the parent winddwider named by the win_gravity will be
placed where the client windowvould have keen placed in the absence of a windoanager.

Note that use of thBAllHints macro is highly discouraged.
To =t a windows WM_NORMAL_HINTS property use XSetWMNormalHints .

void XSetWMNormalHints@isplay w, hints)
Display *display;
Windoww;
XSizeHints *hints;

display Specifies the connection to the X server.

w Specifies the winde.
hints Specifies the size hints for the wind its normal state.

The XSetWMNormalHints function replaces the size hints for the WM_NORMAL_HINTS
property on the specified wingo If the property does not already ex¥etWMNormalHints
sets the size hints for the WM_NORMAL_HINTS property on the specified windbe prop-
erty is stored with a type of WM_SIZE_HINTS and a format of 32.

XSetWMNormalHints can generat®adAlloc and BadWindow errors.
To read a windovs WM_NORMAL_HINTS property use XGetWMNormalHints .

Status XGetWMNormalHintlisplay, w, hints_return supplied_return
Display *display;,
Windoww;
XSizeHints *ints_return
long *supplied_return

display Specifies the connection to the X server.

w Specifies the winde.

hints_return  Returns the size hints for the wind@n its normal state.
supplied_returrReturns 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 wingdo 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 structureXGetWMNormalHints 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 the 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 andwprdwity 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 st a windows WM_SIZE_HINTS propertyuse XSetWMSizeHints.

void XSetWMSizeHintsdisplay, w, hints property)
Display *display;
Windoww;
XSizeHints *hints;
Atom property;

display Specifies the connection to the X server.

w Specifies the winde.

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 eX8etWMSizeHints sets the size hints

for the specified property on the named windd@he property is stored with a type of
WM_SIZE_HINTS and a format of 32To st a windows normal size hints, you can use the
XSetWMNormalHints function.

XSetWMSizeHints can generat®adAlloc, BadAtom, and BadWindow errors.
To read a windove WM_SIZE_HINTS propertyuse XGetWMSizeHints.

Status XGetWMSizeHintsiisplay, w, hints_return supplied_returnproperty)
Display *display;
Windoww;
XSizeHints *ints_return
long *supplied_return

Atom property;
display Specifies the connection to the X server.
w Specifies the winde.

hints_return  Returns theXSizeHints structure.
supplied_returrReturns 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 windw. If the property is of type WM_SIZE_HINTS, is of format 32, and is long enough
to contain either an old (pre-ICCCM) onmsize hints structureXGetWMSizeHints sets the
various fields of theXSizeHints structure, sets the supplied_return argument to the list of fie