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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 displayteardke
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 useriide 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¥lib — C Languaye 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 definiie 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 ceentions 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 X.You 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 higsaach
root windav, which covers each of the display screens. Each root winidggpartially or com-
pletely cavered by child windas. All windows, except for root windows, V&parents. Therés
usually at least one windofor each application program. Child windows may in turvehaeir
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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 wiredm extend
beyond the boundaries of the parent, but all output to a wirgldipped by its parent. If seral
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 areasred 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 wiirllat

are also ancestors of the first wimdo

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

Each windwv 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@mordinates are
integral, in terms of pixels, and coincide with pixel centér. a window, the origin is inside the
border at the inside, upper-left corner.

X does not guarantee to presetie 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 wingoneeds 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 asatras.

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 receéd 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 asynchronovanés hae keen sent and
acted on. As an important side effect, the output buffer in Xlibnayal 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 serveihese can be of typ&/indow, Font, Pixmap, Colormap, Cursor, and
GContext, as cfined 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 Etetstsre often

cached in the serveKlib 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 generatégposeevents) or completely asynchronous (for example,
from the leyboard). Aclient program asks to be informed ofsts. Becausether applications
can sendents to your application, programs must be prepared to handle (or igneme ef all

types.
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Input events (for example, ady ressed or the pointer med) arrive asynchronously from the
server and are queued until yreee requested by an explicit call (for exampt&JextEvent or
XWindowEvent). Inaddition, some library functions (for examp}RaiseWindow) generate
Exposeand ConfigureRequestevents. Thesevents also arxie asynchronouslybut the client
may wish to explicitly wait for them by callingSync after calling a function that can cause the
server to generate/ents.

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 repurmemts. Because 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 thap abiially occur For debugging purposes, how-
eva, Xlib provides a mechanism for forcing synchronous behavior (see section 11.8.1). When
synchronization is enabled, errors are reported gsatbegenerated.

When Xlib detects an errdt calls an error handlewhich your program can pvade. If you do
not provide an error handlghe 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 Xlibrhe majority of all Xlib symbols are declared by
including this file. This file also contains the preprocessor syidlilnEpecificationRe-
lease This symbol is defined to faa the 6 in this release of the standard. (Release 5 of
Xlib was the first release to vetis symbol.)

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

It is included automatically fromX11/Xlib.h>, so application code shouldvweeneed 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@imion

Contexts macros, are declared in this fil&X1%/Xlib.h> must be included before including
this file.

. <X11/Xutil.h>

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

. <X11/Xresource.lr

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
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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.h»

This file declares all standar&¥Sym values, which are symbols with the prefix “XK_".

The KeySyms are arranged in groups, and a preprocessor symbol controls inclusion of each
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 fromx1/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 is the urwversal null resource ID or atom.

. The typeXID is used for generic resource IDs.

. The typeXPointer is defined to be chaand is used as a generic opaque pointer to data.

1.5. Namingand Argument Corventions within Xlib

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



Xlib — C Library X11, Release 6.7 DRAFT

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 genegalyhing that a user
might dereference begins with a capital X.

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

All elements of or variables in a data structure arevietoase. Compoungords, where
needed, are constructed with underscorgs (

The display argument, where used, i8agks 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 silerfilges

(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 conservatie.

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

The user should ka @ntrol 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, howeve, is up to your application.
For further information, see chapter 14 andltiter-Client Communication Conventions
Manual
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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..z A..Z 0.9 I"'#$%&'()*+,-./;;<=>?@[\] _{|} <space>, <tab>, and <newline>

This set is the left/lower half of the graphic character set of ISO8859-1 plus space, tab, and
newline. ltis 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.

. Latin-1
The coded character set defined by the ISO 8859-1 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.
. UTF-8 Encoding

The ASCII compatible character encoding scheme defined by the ISO 10646-1 standard.
. 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 Languaye X hterfaceuses the following camentions:

. 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 italics. 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 Cvénnments. Generaliscussion of the
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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 geriaage.
complete discussion of the Xlib error codes, see section 11.8.2.

. To diminate aly 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 th_outsuffix.
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Chapter 2

Display Functions

Before your program can use a displgyu must establish a connection to the X ser@irce
you have established a connection, you then can use the Xlib macros and functions discussed in
this chapter to return information about the displ@jis chapter discussesviado:

. Open (connect to) the display

. Obtain information about the displaynage 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 _namég
char *display_name

display_name Specifies the hardware display nhame, which determines the display and commu-
nications domain to be used. On a POSIX-conformant system, if the dis-
play_name is NULL, it defaults to the value of the DISFLgkvironment vari-
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:
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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 mactinemay
optionally follow this display number with a period (A single CPU can ha
more than one displayMultiple displays are usually numbered starting with
zero.

screen_number
Specifies the screen to be used on that seMattiple screens can be controlled
by a single X serverThe screen_number sets an internal variable that can be
accessed by using tlgefaultScreenmacro 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 display 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 hosthname and display nund@penDisplay connects using TCP streams. (If

the protocol is specified as "inet", TCRDpIPVv4 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 hostname and protocol are both not specified, Xlib useswehiteelieves is he fastest

transport. Itthe hostname is a host machine name and a double colon (::) separates the hostname
and display numbeXOpenDisplay connects using DECnef 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 isplay 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).
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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 eguralents 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 thBisplay structure.

Note

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

2.2.1. DisplayMacros

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

The following lists the C language macros, their corresponding functiovalsais 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 agdiaseamay not actually be

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

10
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BlackPixel (display, screen_numbegr

unsigned long XBlackP#&{ (display, screen_numbér
Display *display,
int screen_number

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

Both return the black pixel value for the specified screen.

WhitePixel (display, screen_numbér

unsigned long XWhiteP#&! (display, screen_numbér
Display *display,
int screen_number

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

Both return the white pixel value for the specified screen.

ConnectionNumbedjsplay)

int XConnectionNumbedisplay)
Display *display,

display Specifies the connection to the X server.

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

DefaultColormapdisplay, screen_numb@r

Colormap XDehultColormapdisplay, screen_numbér
Display *display;,
int screen_number

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

Both return the default colormap ID for allocation on the specified screen. Most routine

11
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allocations of color should be made out of this colormap.

DefaultDepth flisplay, screen_numbér

int XDefaultDepth fisplay, screen_numbér
Display *display;
int screen_number

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

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

To determine the number of depths that ara@lable on a gien 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_number
Specifies the appropriate screen number on the host server.

count_return Returns the number of depths.

The XListDepths function returns the array of depths that aralable 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.

DefaultGC display, screen_numbg@r

GC XDefaultGC (display, screen_numbér
Display *display,
int screen_number
display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

Both return the 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

12
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screen, respeeily. You can modify its contents freely because it is not usedyiXhim func-
tion. ThisGC should neer be freed.

DefaultRootWinda (display)

Window XDefaultRootWindav (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_numbegr

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

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

Both return a pointer to the indicated screen.

DefaultScreendisplay)

int XDefaultScreendisplay)
Display *display,

display Specifies the connection to the X server.

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

13
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DefaultMsual (display, screen_numbér

Visual *XDefaultMsual (display, screen_numbegr
Display *display,
int screen_number
display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

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

DisplayCells ¢lisplay, screen_numbér

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

screen_number
Specifies the appropriate screen number on the host server.

Both return the number of entries in the default colormap.

DisplayPlanesdisplay, screen_numbér

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

screen_number
Specifies the appropriate screen number on the host server.

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

14
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DisplayString @isplay)

char *XDisplayString {isplay)
Display *display;,

display Specifies the connection to the X server.

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

On POSIX-conformant systems, if the passed string was NULL, these return the value of the DIS-
PLAY environment variable when the current display was opened. These are useful to applica-
tions that inoke the fork system call and want to open amn@nnection to the same display

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

long XExtendedMaxRequestSizigplay)
Display *display;

display Specifies the connection to the X server.

The XExtendedMaxRequestSiz€unction returns zero if the specified display does not support
an extended-length protocol encoding; otherwise, it returns the maximum request size (in 4-byte
units) supported by the server using the extended-length encoding. The Xlib fubkdicavs-

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

gion will use the extended-length encoding as necesi$arypported by the servetJse of the
extended-length encoding in other Xlib functions (for examgBrawPoints, 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.

15
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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 Xlibvie been processed by
the X server Xlib automatically sets this number when repliegnés, and errors are reved.

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.

16
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QLength display)

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 (¥&arentsQueued.

RootWindav(display, screen_numbér

Windowv XRootWindav(display, screen_numbér
Display *display,
int screen_number

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen humber on the host server.

Both return the root winda These are useful with functions that need avelbde 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 of/alable screens.

Server\éndor display)

char *XServer¥éndor @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.

17
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VendorReleasedisplay)

int XVendorReleaseifsplay)
Display *display;,

display Specifies the connection to the X server.

Both return a number related to a vendozlease 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:

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 *XListPixmagiFmats @isplay, count_return
Display *display;,
int *count_return

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

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

The following lists the C language macros, their corresponding functiovalsais 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.

18
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ImageByteOrderdisplay)

int XImageByteOrderdisplay)
Display *display;,

display Specifies the connection to the X server.

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

BitmapBitOrder glisplay)

int XBitmapBitOrder display)
Display *display;,

display Specifies the connection to the X server.

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

BitmapRad (display)

int XBitmapRad (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.

19
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DisplayHeight ¢lisplay, screen_numbér

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

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

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

DisplayHeightMM display, screen_number

int XDisplayHeightMM (display, screen_numbegr
Display *display,
int screen_number

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

Both return the height of the specified screen in millimeters.

DisplayWidth (display, screen_numbgr

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

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

Both return the width of the screen in pixels.

20
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DisplayWdthMM (display, screen_numb@r

int XDisplayWdthMM (display, screen_numbé@r
Display *display,
int screen_number

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

Both return the width of the specified screen in millimeters.

2.2.3. Sceen Information Macros

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

BlackPixelOfScreengcreer)

unsigned long XBlackP&lOfScreengcreer)
Screen screen

screen Specifies the appropriatcreenstructure.

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.

CellsOfScreengcreen

int XCellsOfScreengcreern)
Screen screen

screen Specifies the appropriatcreenstructure.

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

Colormap XDe#ultColormapOfScrees¢reen)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the default colormap of the specified screen.

DefaultDepthOfScreersgreen)

int XDefaultDepthOfScreersgreen
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the depth of the root wirwllo

Default GCOfScreenrdcreen

GC XDefaultGCOfScreendcreer)
Screen $creen

screen Specifies the appropriatécreenstructure.

Both return a default graphics context (GC) of the specified screen, which has the same depth as
the root windav of the screen. The GC mustueebe freed.

DefaultVisualOfScreengcreer)

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 appropriatcreenstructure.

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

DoesSaeUnders écreern)

Bool XDoesSaeUnders gcreen
Screen screen

screen Specifies the appropriatcreenstructure.

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

DisplayOfScreengcreer)

Display *XDisplayOfScreendgcreer)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the display of the specified screen.

int XScreenNumberOfScreesdreern)
Screen screen

screen Specifies the appropriatcreenstructure.

The XScreenNumberOfScreenfunction returns the screen indeumber of the specified screen.

EventMaskOfScreersgreern)

long XEventMaskOfScreersgreern)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the went mask of the root windofor the specified screen at connection setup time.
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WidthOfScreengcreer)

int XWidthOfScreengcreen
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the width of the specified screen in pixels.

HeightOfScreengcreer)

int XHeightOfScreengcreer)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the height of the specified screen in pixels.

WidthMMOfScreengcreer)

int XWidthMMOfScreen §creen)
Screen screen

screen Specifies the appropriatécreenstructure.

Both return the width of the specified screen in millimeters.

HeightMMOfScreengcreen

int XHeightMMOfScreensgcreer)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the height of the specified screen in millimeters.

MaxCmapsOfScreems€reern)

int XMaxCmapsOfScreerstreen)
Screen screen

screen Specifies the appropriatcreenstructure.

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

MinCmapsOfScreersgreer)

int XMinCmapsOfScreerscreer)
Screen screen

screen Specifies the appropriatcreenstructure.

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

PlanesOfScreers¢reer)

int XPlanesOfScreers¢reer)
Screen screen

screen Specifies the appropriatcreenstructure.

Both return the depth of the root wirwilo

RootWindavOfScreensgcreer)

Windowv 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, uséNoOp.

XNoOp (display)
Display *display,

display Specifies the connection to the X server.

The XNoOp function sends &loOperation protocol request to the X seryéitereby &ercising
the connection.

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

data Specifies the data that is to be freed.

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

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

XCloseDisplaydisplay)
Display *display,

display Specifies the connection to the X server.

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

these windows, resource IDs, and other resources shouidheereferenced 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 closedTo 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 modéu can pasdestroyAll, RetainPerma-
nent, or RetainTemporary.

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

XSetCloseDownModecan generate BadValue error.

2.6. UsingX Server Connection Close Operations

When the X serves’aonnection to a client is closed either by an explicit cak@oseDisplay
or by a process that exits, the X server performs the following automatic operations:
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. It disowns all selections owned by the client (¥&etSelectionOwne).

. 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 pas& 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 (sESetCloseDownMods.

When the close-down modeDestroyAll, the X server destroys all of a clientesources as fol-
lows:

. It examines each windwin the clients saveset to determine if it is an inferior (subwin-
dow) of a windav created by the client. (Thewaset is a list of other clients’ windows
that are referred to asv&eset windavs.) If so, the X server reparents theeaet window
to the closest ancestor so that theesset windav is not an inferior of a winde created by
the client. The reparenting s unchanged the absolute coordinates (with respect to the
root window) of the upper-left outer corner of thgesaet windov.

. It performs aMapWindow request on the se-set windaev if the sae-set windav is
unmapped. Th& server does thisven if the sae-set windev 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 nonwineleource 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 kia threads, support may be provided to permit multiple threads to use Xlib
concurrently.
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To initialize support for concurrent threads, udaitThreads .

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 bejasthan

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 funai@ys edturns zero.

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

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

To lock a display acrosswral 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 disgther
threads attempting to use the display will block until the display is unlocked by this thread.
Nested calls toXLockDisplay 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 ddnithreads .

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, tkelmlockDisplay must be

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

effect unless Xlib was successfully initialized for threads uXimitThreads .

2.8. Usinginternal Connections

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

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 inpwiikble and need to

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

in an Xlib event function do not need to use these facilities.
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To track internal connections for a 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 XAddConnectionsltch 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
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 tovate 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&fddConnec-
tionWatch returns. XAddConnectionWatch returns a nonzero status if the procedure is suc-
cessfully registered; otherwise, it returns zero.

The registered procedure should not cayl dfib 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 4lib function that locks the display is not defined
unless thexaecuting thread has externally locked the display usihgckDisplay .

To dop tracking internal connections for a displase XRemoveConnectionWatch.

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 geviously registered connection watch
procedure. Thelient_data must match the client_data used when the procedure was initially
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registered.

To process input on an internal connection, X&rocessinternalConnection

void XProcessinternalConnectiotigplay, fd)

Display *display;

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

The XProcessinternalConnectionfunction processes inputalable 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 ivalable; otherwise, the effect is not
defined.

To dbtain all of the current internal connections for a displag XInternalConnectionNum-
bers.

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

display Specifies the connection to the X server.

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

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

Window Functions

In the X Windav System, a windw is a rectangular area on the screen that lets yau graphic
output. Clientapplications can displaywerlapping 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 windactions that may generateents.

Note that it is vital that your application conform to the establishegentions for communicat-
ing with windav managers for it to work well with the various windmanagers in use (see sec-
tion 14.1). Toolkits generally adhere to these gamntions for you, relieving you of the burden.
Toolkits also often supersede nydninctions in this chapter with versions of theAamo 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. er 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 compleddityprovides macros and
functions that return the default root wingdhe default depth of the default root winga@nd

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

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

mation to an application. The members of this structure pertinent to this discussion are class,
red_mask, green_mask, blue_mask, bits_per_rgb, and colormap_size. The class member speci-
fies one of the possible visual classes of the screen and &tatlo&ray, StaticColor, 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, carvba olormap that is writable or read-onbnd can also ha a
colormap whose indices are decomposed into separate RGB pieces, provided one is not on a
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grayscale screen. This leads to the following diagram:

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

Undecomposed Static Pseudo  StaticGray

Colormap Color| Color Gray | Scale
Decomposed fOe 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 otherdrardivhevisual types

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

. For PseudoColor, a gxel value indees a ®lormap 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 shoulthgs 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 correspondinglve. 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 8taticColor 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@@dtColor 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\Vsual (visual)
Visual *visual;

visual Specifies the visual type.

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

All InputOutput windows hae a lorder width of zero or more pixels, an optional background,
an event suppression mask (which suppresses propagatiomatsdrom children), and a prop-
erty list (see section 4.3). The windtorder and background can be a solid color or a pattern,
called a tile. All windows except the rootveea @rent and are clipped by their parent. If a win-
dow is gacked on top of another wingpit obscures that other windofor the purpose of input.

If a windaw has a background (almost all do), it obscures the other wifilopurposes of out-
put. Attemptdo output to the obscured area do nothing, and no imeatse(for example,

pointer motion) are generated for the obscured area.

Windows also hae 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 inpwtents in situations whernputOutput 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 wwdbno further explicit references to them are to be
made. Thepattern can either be relaito the parent or absolute. HarentRelative, the par-

ent’s background is used.

When windows are first created, yhare not visible (not mapped) on the screeny Antput to a
window that is not visible on the screen and that does na 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 (usiylapWindow ), the X server generates an
Exposeevent for the windav 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 ary 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&lsaateWindow
and XChangeWindowAttributes, or use one of the other ceenience functions that set the
appropriate attribte. Thesymbols for the value mask bits and k®&etWindowAttributes
structure are:
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/* Window attribute value mask bits */

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

[* Values */

typedef struct {

Pixmap background_pixmap;

unsigned long background_ pix

Pixmap border_pixmap;

unsigned long border_pek
int bit_gravity;
int win_gravity;

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

X11, Release 6.7 DRAFT

/* background, None, or ParentReldti

[* background pixel */

/* border of the windor CopyFromParent */

/* border pixel value */

/* one of bit gravity values */
/* one of the windw gravity values */

int backing_store;
unsigned long backing_planes;

unsigned long backing_pk
Bool save_under;
long event_mask;

/* NotUseful, WhenMappedwalys */
* planes to be preserved if possible */

/* value to use in restoring planes */

/*should bits under be wad? (popups) */
/*set of @ents that should be ged */

long do_not_propate_mask;

Bool override_redirect;

Colormap colormap;

Cursor cursor;
} X SetWindowAttributes;

I’set of @ents that should not propagate */
/*boolean value forvarride_redirect */

* color map to be associated with wintlo
/* cursor to be displayed (or None) */

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-piel Undefined Yes No
bit-gravity ForgetGravity Yes No
win-gravity NorthWestGravity Yes Yes
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Attribute Default InputOutput InputOnly
backing-store NotUseful Yes No
backing-planes Albnes es No
backing-pixel zero Yes No
save-under False Yes No
event-mask emptyget Yes Yes
do-not-propagte-mask  emptget Yes Yes
override-redirect False Yes Yes
colormap CopyFromParent Yes No
cursor None Yes Yes

3.2.1. Backgound Attribute

Only InputOutput windows can hae 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 windoteck-

ground in a single color.

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

set the background-pixel of a winddo any pixel value (no dedult). If you specify a back-
ground-pixel, it @errides either the default background-pixmap or @ue you may hae st 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, itesrides 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-pixmBpremtRel-
ative:

. The parent windovs background-pixmap is used. The child wimddoweve, 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 windobackground-pixmap is required.

. The background tile originwahbys 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-pirgiides
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 ©py of the pixmap or to use the same pixmap.

When no valid contents argailable 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
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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 ione (see section 10.9).

3.2.2. BorderAttribute

Only InputOutput windows can hae a lorder You can set the border of émputOutput 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 windaspecifies a pixmap of undefined size filled with that pixel
be used for a window'border Range checking is not performed on the background pixel; it sim-
ply is truncated to the appropriate number of bits. The border tile origiwdgsathe same as the
background tile origin.

You can also set the border-pixmap to a pixmap gfsime (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-pixmapdopy-
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 st in the
borderpixmap. Allpixels in the windows border will be set to the border-gix Settinga new

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 windav 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 windos 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 ved 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)
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NorthEastGravity (Width, 0)

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

SouthEastGravity  (Width, Height)

When a 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

has its parent windwresized, the corresponding pair defines the change in position of the win-
dow within the parent. When a windais 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 wingdas coupled with a change in
position (X, y), then for bit-gravity the change in position of each pixel is (-x, —y), and for win-
gravity the change in position of a child when its parent is so resized is (=x, —y). Nd&tahat
icGravity still only takes effect when the width or height of the winde 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 wimndwtiled with

its background and zero or mdexposeevents are generated. If no background is defined, the
existing screen contents are not altered. Some X servers may also ignore the specified bit-gravity
and alays generaté&xposeevents.

The contents and borders of inferiors are not affected by their Enémiavity. A server is
permitted to ignore the specified bit-gravity and Besget 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 sed 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 selNttUseful (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 wirisonapped 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 contenés &vhen the windw is

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

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

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

When the contents of obscured regions of a winde 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.
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3.2.5. Sae Under Flag

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

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

You can set the se-under flag tolr ue or False (default). If save-under isTrue, the X server is
advised that, when this windds mapped, saving the contents of windows it obscures would be
beneficial.

3.2.6. BackingPlanes and Backing Pixel Attributes

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

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

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

specify what bits to use in planes nov@ed 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. Event Mask and Do Not Propagate Mask Attributes

The event mask defines whictvents 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 whiehte should not be propagated to ancestor
windows when no client has theeat type selected in thimputOutput or InputOnly window.
The do-not-propagate-mask is the bitwise ine€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 windav 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 adnputOutput or Inpu-
tOnly window is to ignore these structure control facilities, use therale-redirect flag.

The override-redirect flag specifies whether map and configure requests on thiswgmzdd
override aSubstructureRedirectMask on the parentYou can set the werride-redirect flag to
True or False (default). Window managers use this information teoad 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 ka 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
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attribute to a colormap or tGopyFromParent (default).

If you set the colormap tGopyFromParent, the parent windove alormap 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 winganust 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 thputOutput

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
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 topsbwindows, which are discussed in the appropriate
toolkit documentation. If you do not use a toolkit, heereyou 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 topvl windows (direct children of the root window), you
must obserg the following rules so that all applications interact reasonably across the different
styles of windav management:

. You must neer fight with the windar manager for the size or placement of your tojelle
window.

. You must be able to deal with whegesize windav you get, gen if this means that your
application just prints a messagesliPlease mad 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 ae free to resize or me the children of top-hsl 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 topswindows 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 wirattabutes
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 requésm)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 wingand set its windw attributes, useXCreateWindow.
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Window X CreateWindw (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 *visual;
unsigned longyaluemask
XSetWindowAttributes attributes

display Specifies the connection to the X server.

parent Specifies the parent windo

X

y Specify the x and y coordinates, which are the top-left outside corner of the cre-
ated windows borders and are relag © the inside of the parent windoswor-
ders.

width

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

and do not include the created windsworders. Thalimensions must be
nonzero, or BadValue error results.

border_width Specifies the width of the created windsuwrder in pixels.

depth Specifies the window’depth. Adepth ofCopyFromParent means the depth is
taken from the parent.
class Specifies the created windandass. You can pastnputOutput , InputOnly ,

or CopyFromParent. A class ofCopyFromParent means the class is taken
from the parent.

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

valuemask  Specifies which windw attributes are defined in the attributeguanent. 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 by the value mask) are
to be talken. Thevalue mask should va the appropriate bits set to indicate
which attributes hae been set in the structure.

The XCreateWindow function creates an unmapped subwimndor a specified parent windop
returns the winde ID of the created winde, and causes the X server to generatraateNo-
tify event. Thecreated windw 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 systefar a window, the origin is inside the
border at the inside, upper-left corner.

The border_width for amputOnly window must be zero, or BadMatch error results.For
classinputOutput , the visual type and depth must be a combination supported for the screen, or
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a BadMatch error results. The depth need not be the same as the parent, but the parent must not
be a windav 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
met, aBadMatch error results. The parent windphoweve, may hase any &pth and class. If

you specify ap invdid window attribute for a windw, 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 wavindow 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 generat8adAlloc, BadColor, BadCursor, BadMatch, BadPixmap,
BadValue, and BadWindow errors.

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

Windav XCreateSimpleWinde(display, parent, x, y, width, height, border_width
border, background
Display *display,
Windowparent;
intx,y;
unsigned intvidth, height,
unsigned inborder_width
unsigned londporder,
unsigned londpackground

display Specifies the connection to the X server.

parent Specifies the parent windo

X

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

width

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

and do not include the created windswrders. Thalimensions must be
nonzero, or BadValue error results.

border_width Specifies the width of the created windsurder 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 unmappkgputOutput subwindav for a
specified parent windgg returns the winde 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 bortiavetheir default values.
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XCreateSimpleWindow can generat8adAlloc, BadMatch, BadValue, and BadwWindow
errors.

3.4. Destoying Windows

Xlib provides functions that you can use to desaavindow or destrgy al subwindows of a win-
dow.

To destroy 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 windas well as all of its subwindows

and causes the X server to generabeatroyNotify event for each winde. The windav should
never be referenced agjn. If the windav specified by the w argument is mapped, it is unmapped
automatically The ordering of thé®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. Ilfthe windav you specified is a root winde no windows are destged. 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 windg use XDestroySubwindows

XDestroySubwindas (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 widim
bottom-to-top stacking ordeit causes the X server to generatBestroyNotify event for each
window. If any mapped subwindows were actually destroy¢DestroySubwindowscauses the

X server to generatExposeevents 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 wimdorhe subwindows should ver be referenced

again.

XDestroySubwindowscan generate BadWindow error.

3.5. Mapping Windows

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:
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. 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 windavhen 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 there unmapped.

A window manager may want to control the placement of subwitsddf 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 wimionot performed, and the windoman-
ager is sent MapRequestevent. Hawever, if the averride-redirect flag on the child had been set
to True (usually only on pop-up menus), the map request is performed.

A tiling window manager might decide to reposition and resize other clients’ windows and then
decide to map the wingoto its final location.A window manager that wants to provide decora-
tion might reparent the child into a frame firfor further information, see sections 3.2.8 and
10.10. Onlya sngle client at a time can select fBubstructureRedirectMask.

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-
eRequestevent.

To map a gven window, use XMapWindow .

XMapWindow (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 a 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 winde is False and if some other client has selectabstructur-
eRedirectMask on the parent windg, then the X server generatedapRequestevent, and the
XMapWindow function does not map the winaio Otherwise, the windw is mapped, and the X
server generatesMapNotify event.

If the windaw 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 cErpmseevents. Ifbacking-store
was maintained while the winde 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 fiiaice for ag newly viewable infe-

riors.

If the windaw is an InputOutput window, XMapWindow generatexposeevents on each
InputOutput window that it causes to be displayed. If the client maps and paints the window
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and if the client begins processinggets, the windw is painted twice.To avoid this, first ask for
Exposeevents and then map the windpso the client processes inputeats as usual. Thevent
list will include Exposefor each windw that has appeared on the screen. The ciientmal
response to akexposeevent should be to repaint the winglo This method usually leads to sim-
pler programs and to proper interaction with wiwdoanagers.

XMapWindow can generate BadWindow error.
To map and raise a wingg use XMapRaised.

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. Howaer, it also raises the specified win-
dow to the top of the stackiar additional information, seXMapWindow .

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

XMapSubwindaevs (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 wiwdo 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 .
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XUnmapWindav (display, w)
Display *display;,
Windoww;

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

The XUnmapWindow function unmaps the specified windand 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.

XUnmapSubwindws (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 wimdwobottom-

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 tova@ wndow, resize a winda@, move and resize a
window, or change a windovg border width. To change one of these parameters, set the appro-
priate member of thX¥WindowChangesstructure and OR in the corresponding value mask in
subsequent calls t8ConfigureWindow. The symbols for the value mask bits and Xwin-
dowChangesstructure are:
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[* Configure windav value mask bits */

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

intx,y;

int width, height;

int border_width;

Window sibling;

int stack_mode;
} X WindowChanges;

The x and y members are used to set the wirglgwnd y coordinates, which are relagito the
parents aigin 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 thewyimxtaoncluding the bordeand
must be nonzero, orBadValue error results. Attempts to configure a root wiwdwmveno
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 rpu-
tOnly window nonzero, aBadMatch error results.

The sibling member is used to set the sibling wimflar stacking operations. The stack_mode
member is used to setdhe windav is to be estacked and can be setAbove, Below, Toplf,
BottomlIf , or Opposite.

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

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

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

dow.

When the geometry of the wingdas changed as specified, the windis 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 windenibwindows mee according to their window
gravity. Depending on the windowhit gravity, the contents of the windoalso may be meed
(see section 3.2.3).
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If regions of the winde were obscured but moare not, exposure processing is performed on
these formerly obscured windows, including the wimdtself 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 windw contents are lost.

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

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

Match error results.

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

Above The windav is placed just abee the sibling.

Below The windav is placed just bela the sibling.

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

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

Attempts to configure a root windchaveno effect.

To configure a windows sze, location, stacking, or bordese XConfigureWindow .
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XConfigureWindev(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 the values 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, bordeiland 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 wimdnot actually a sibling, 8ad-

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

formed with respect to the windosvinal 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 generat®adMatch, BadValue, and BadWindow errors.
To move a vindow without changing its size, uséMoveWindow.

XMoveWindaw (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
pixel of the windows border or the windw itself if it has no border.

The XMoveWindow function maves 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 generatégposeevents. Moving a mapped windwe 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 wintomoved.

XMoveWindow can generate BadWindow error.
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To change a windovg' Sze without changing the upper-left coordinate, ¥&esizeWindow.

XResizeWindw (display, w, width, heighf)
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 window
after the call completes.

The XResizeWindowfunction changes the inside dimensions of the specified wirnux
including its borders. This function does not change the wirglguper-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 selec8ubstruc-
tureRedirectMask on the parent, the X server generaté€3oafigureRequestevent, 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, height)

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 p@sition of the windw rel-
ative o 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
generateExposeeveants 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 generaté&oafigureRequestevent, and no fur-
ther processing is performed. Otherwise, the windae and location are changed.
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XMoveResizeWindowcan generatBadValue and BadWindow errors.
To change the border width of avgh window, use XSetWindowBorderWidth .

XSetWindowBorderWith (display, w, width)
Display *display;,
Windoww;
unsigned intvidth;

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@\dorder 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, lpwetulate, 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 wingao the top of the stack so that no sib-

ling window obscures it. If the windows areg&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 selecBub-
structureRedirectMask on the parent, the X server generat€3oafigureRequestevent, 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 .
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XLowerWindow (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 wmsibling 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.

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 wmdonlowered to the bottom of the stack.

XLowerWindow can generate BadWindow error.
To drculate a subwinde up or down, 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 you want to circulate the windfou
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 spexmifgrHigh-

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 windav, the X

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

XCirculateSubwindows can generat®adValue and BadWindow errors.

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

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.

XRestackWinduwrs (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 wiridahe 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 selecBub-
structureRedirectMask on the parent, the X server generdfemfigureRequestevents for
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each windw whose werride-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 wimdtiributes. XChangeWindowAttributes

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

To change one or more attributes for aegiwindow, use XChangeWindowAttributes.

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 attributeguanent. 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. The values and restric-
tions are the same as fECreateWindow.

attributes Specifies the structure from which the values (as specified by the value mask) are
to be talken. Thevalue mask should va 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 wiwdtributes.
Changing the background does not cause the windatents 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@banging 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 wingomay have
no immediate effect on the screen because the map may not be installéthgsaéCol-

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

Multiple clients can select input on the same wirddheir 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 aiof these gent masks and some other client has
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already selected one BadAccesserror results. There is only one do-not-propagate-mask for a
window, not one per client.

XChangeWindowAttributes can generatBadAccess BadColor, BadCursor, BadMatch,
BadPixmap, BadValue, and BadWindow errors.

To st the background of a windao a gven pixel, useXSetWindowBackground.

XSetWindavBackgrounddisplay, w, background_pixgl
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 windi the specified pixel
value. Changindghe 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 st 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.PdrentRelative 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 &mputOnly window, a BadMatch error results. If the background

is set toNone, the windav has no defined background.

XSetWindowBackgroundPixmap can generat8adMatch, BadPixmap, and BadWindow
errors.
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Note

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

To change and repaint a windaaborder to a gien pixel, useXSetWindowBorder.

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 winddo 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_pixmap
Specifies the border pixmap GopyFromParent.

The XSetWindowBorderPixmap function sets the border pixmap of the windo 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 windove border pixmap

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

XSetWindowBorderPixmap can generat8adMatch, BadPixmap, and BadWindow errors.

To st the colormap of agén window, use XSetWindowColormap.
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XSetWindavColormap ¢lisplay, w, colormap
Display *display;,
Windoww;
Colormapcolormagp

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 wimgar a BadMatch error results.

XSetWindowColormap can generat®adColor, BadMatch, and BadWindow errors.
To define which cursor will be used in a wivdause XDefineCursor.

XDefineCursorglisplay, 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 displayetione.

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

XDefineCursor can generat®adCursor and BadWindow errors.
To undefine the cursor in avgn 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 previa¥BefineCursor for this win-
dow. When the pointer is in the windpthe parens aursor will nav be wised. Orthe root win-
dow, the default cursor is restored.

XUndefineCursor can generate BadWindow error.
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Chapter 4

Window I nformation Functions

After you connect the display to the X server and create a wjn@ga 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. Obtaining Window | nformation

Xlib provides functions that you can use to obtain information about the witrde, 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 XQueryfiee 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 winde 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_return
Returns the list of children.

nchildren_return
Returns 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-
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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 .

Status XGetWindowAttribtes @isplay, w, window_attributes_return
Display *display,
Windoww;
XWindowAttributes *window_attributes_retum

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 windoswdtributes in theXWindowAttributes 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_ ek
Bool save_under;
Colormap colormap;

Bool map_installed;

int map_state;

long all_event_masks;

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

/* location of windav */
/* width and height of wingo*/
/* border width of windo*/
[* depth of winde */
/* the associated visual structure */
/* root of screen containing windo*/
/* InputOutput, InputOnly*/
/* one of the bit gravity values */
/* one of the winde gravity values */
I* 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, IsUmwigble, IsVievable */
I*set of @ents all people hae interest in*/
/*my event mask */
I’set of @ents that should not propagate */
/*boolean value forwerride-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 thewyinmtdncluding 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 winvdof the
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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 windewit gravity and can be one of the following:

ForgetGravity EastGravity
NorthWestGravity SouthWestGravity
NorthGravity SouthGravity
NorthEastGravity SouthEastGravity
WestGravity StaticGravity
CenterGravity

The win_gravity member is set to the windswindow 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® tiee 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 wimdiold 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 s&e_under member is set @ ue or False. The colormap member is set to the colormap
for the specified wind@ 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 winmelod can bdsUnmapped, IsUnviewable, or
IsViewable. IsUnviewableis used if the windw is mapped but some ancestor is unmapped.

The all_&ent_masks member is set to the bitwise inoleI€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 windidthis
member isTr ue.

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

XGetWindowAttributes can generat8adDrawable 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 Yvidth_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 gxmap.

root_return Returns the root winda

X_return

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

window, these coordinates specify the upper-left outer cornervelatits par-
ent’s aigin. For pixmaps, these coordinates angagk zero.

width_return
height_return Return the dnaiable’s dmensions (width and heightf-or a window, these
dimensions specify the inside size, not including the border.

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

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

The XGetGeometry function returns the root wingoand 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 windathe pointing device is in.
XTranslateCoordinates and XQueryPointer fulfill these needs (andraid 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
Window *child_return;

display Specifies the connection to the X server.

src_w Specifies the source wingdo

dest w Specifies the destination wingo

Src_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 reddti the

source windows arigin and returns these coordinates to dest_x_return and dest_y_retuve 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 coordinatestoaati
specified windw, use XQueryPointer .
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Bool XQueryPointerdisplay, w, root_return, child_return, root_x_return root_y_return
win_x_return win_y return mask_return
Display *display;
Windoww;
Window *root_return, *child_return;
int *root_x_return *root_y_return
int *win_x_return *win_y_return
unsigned int ask_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_Xx_return
win_y return Return the pointer coordinates relatio the specified winde.

mask_return Returns the current state of the modifieykand pointer buttons.

The XQueryPointer function returns the root windothe pointer is logically on and the pointer
coordinates relate o the root windows aigin. If XQueryPointer returnsFalse, the pointer is
not on the same screen as the specified wingwd XQueryPointer returnsNone to

child_return and zero to win_x_return and win_y_returnXQueryPointer returnsTr ue, the
pointer coordinates returned to win_x_return and win_y_return arevestathe origin of the
specified windw. In this case XQueryPointer returns the child that contains the poinikany,
or elseNone to child_return.

XQueryPointer returns the current logical state of tretkoard buttons and the modifiezys in
mask_return. Isets mask_return to the bitwise incligsCR of one or more of the button or
modifier key dtmasks to match the current state of the mouse buttons and the maysier 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. Poperties 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 wingdaze hints, and so on), and users can defiyeotrer
arbitrary information and associate it with wiméo Eaclproperty has a name, which is an ISO
Latin-1 string. For each named propertg unique identifier (atom) is associated with A.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 rewigroperties associated with wingds. For efficieny rea-

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

atom for property names.

A property is also stored in one 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.
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Note

If you define further properties of compl/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 XXl/Xatom.h>. To avoid name clashes with user symbols, the
#definename for each atom has the XA_ prefsor an planation 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 nhames, but semantics are specified in
other X Consortium standards, such asltiber-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 definevi@operties and get the unique atom IDs in your appli-
cations.

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

. Selections

. Property names

. Property types

. Font properties

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

The built-in selection property names are:

PRIMARY
SECONDARY

The built-in property names are:

CUT_BUFFERO RESOURCE_MANGER
CUT_BUFFER1 WM_CLASS
CUT_BUFFER2 WM_CLIENT_MACHINE
CUT_BUFFER3 WM_COLORMAP_WIND®VS
CUT_BUFFER4 WM_COMMAND
CUT_BUFFER5 WM_HINTS
CUT_BUFFERS6 WM_ICON_MME
CUT_BUFFERY WM_ICON_SIZE
RGB_BEST_MAP WM_MME
RGB_BLUE_MAP WM_NORMAL_HINTS
RGB_DERULT_MAP WM_PROTOCOLS
RGB_GRA’_MAP WM_STATE
RGB_GREEN_MAP WM_TRANSIENT_FOR
RGB_RED_MAP WM_ZOOM_HINTS
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The built-in property types are:

ARC POINT

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

FONT WM_SIZE_HINTS
INTEGER

PIXMAP

The built-in font property names are:

MIN_SPACE STRIKEOUT_DESCENT
NORM_SRACE STRIKEOUT_ASCENT
MAX_SPACE ITALIC_ANGLE
END_SRACE X_HEIGHT
SUPERSCRIPT_X QAD_WIDTH
SUPERSCRIPT_Y WEIGHT
SUBSCRIPT_X POINT_SIZE
SUBSCRIPT_Y RESOLUTION
UNDERLINE_POSITION COPYRIGHT
UNDERLINE_THICKNESS NOICE

FONT_NAME FAMILY_NAME
FULL_NAME CAP_HEIGHT

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

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

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

The XinternAtom function returns the atom identifier associated with the specified atom_name
string. Ifonly_if_exists isFalse, the atom is created if it does naist. 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 definash efter the
client's connection closes. It will become undefined only when the last connection to the X
server closes.
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XinternAtom can generatBadAlloc and BadValue errors.
To return atoms for an array of names, XdeternAtoms .

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 Ealliémg this function is
equiaent 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®BadAlloc and BadValue errors.
To return a name for agn aom identifier use XGetAtomName.

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&odent.
free the resulting string, calFree.

XGetAtomName can generate BadAtom error.

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

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

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

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

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

XGetAtomNames can generate BadAtom error.

4.4. Obtainingand Changing Window Properties

You can attach a property list teey 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 interchange 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 ofvargiwindow, use XGetWindowProp-
erty.
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int XGetWindavProperty ¢lisplay, w, property, long_offsetlong_length delete req_type

actual_type_returnpactual_format_returnnitems_returnpbytes_after_return
prop_return)

Display *display,

Windoww;

Atom property;

long long_offsetlong_length

Bool delete

Atomreq_type

Atom *actual_type_return

int *actual_format_return

unsigned long fitems_return

unsigned long bytes_after_return

unsigned char *prop_return

display Specifies the connection to the X server.
w Specifies the 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 typagProperty-
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_return data.

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

prop_return  Returns the data in the specified format.

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

erty sets the return arguments as follows:

. If the specified property does not exist for the specified wind&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 (neer zero) to actual format_return, and the property length in byvea {Ethe
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actual_format_return is 16 or 32) to bytes_after_return. It also ignores the delete argument.
The nitems_return argument is empty.

. If the specified property exists and either you asAigyPPropertyType to the req_type
argument or the specified type matches the actual propertyX@m\WindowProperty
returns the actual property type to actual_type_return and the actual property fouerat (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 *long_offset

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

The returned value starts at byte ndlen the property (indexing from zero), and its length
in bytes is L. If the value for long_offset causes L to bygzines, 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 stsoat array and should be cast to that type to obtain the
elements. Ithe returned format is 32, the returned data is representddrg array and should

be cast to that type to obtain the elements.

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

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

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_return
Returns the length of the properties array.

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

XListProperties can generate BadWindow error.
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To change a property of avgin window, use XChangeProperty.

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

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

guantities. Possiblealues are 8, 16, and 32. This information allows the X
server to correctly perform byte-swap operations as necedgéng format is

16-bit or 32-bit, you must explicitly cast your data pointer to an (unsigned char *)
in the call toXChangeProperty.

mode Specifies the mode of the operatiofou can pasdPropModeReplace 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 wiwdmd causes the X

server to generateRropertyNotify event on that windw. 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,
respectiely. The type and format must match the existing property valueBadlatch
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 resekr 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.
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To rotate a windovws property list, useXRotateWindowProperties.

XRotateWindavPropertiesdisplay, w, properties num_prop npositiong
Display *display,
Windoww;
Atom propertieq];
int num_prop
int npositions

display Specifies the connection to the X server.

w Specifies the 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 windmd

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 forygogitbsitions, left for

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

event for each property in the order thatytteee listed in the arraylf an @om 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 winds and causes the X server to generafrapertyNotify event on the window
unless the property does not exist.

XDeleteProperty can generat®adAtom and BadWindow errors.

4.5. Selections

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

Xlib provides functions that you can use to set, get, or requestrs@n of selections. This

allows applications to implement the notion of current selection, which requires that notification
be sent to applications when yio 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 thatyttean 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 cor@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

XSetSelectionOwnedjsplay, 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 atéou can pass a windwoor
None.
time Specifies the timeYou can pass either a timestamp@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 becorime (that is, no owner).
Otherwise, the owner of the selection becomes the chentiting the request.

If the neav owner (whether a client ddone) is not the same as the current owner of the selection
and the current owner is nblione, the current owner is sent3electionClearevent. 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 nofefted. 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 generatBadAtom and BadWindow errors.

To return the selection ownerse XGetSelectionOwner.
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Window XGetSelectionOwnerisplay, selection
Display *display;,
Atom selection
display Specifies the connection to the X server.
selection Specifies the selection atom whose owner you want returned.

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

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

XCorvertSelection flisplay, selection target, property, requestor, time)
Display *display;,
Atom selection target;
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 timestamp@urrentTime .

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

. If the specified selection has an owtiee X server sends%electionRequeskevent to that
owner.
. If no owner for the specified selection exists, the X server gener&ekeetionNotify

event to the requestor with propemyone.

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

XConvertSelection can generat8adAtom and BadWindow errors.
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Chapter 5

Pixmap and Cursor Functions

Once you hee mnnected to an X serygou 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 whighatbee 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 XCreatePixmapl{splay, d, width, height, depth
Display *display;
Drawabled;
unsigned intvidth, height,
unsigned indepth

display Specifies the connection to the X server.

d Specifies which screen the pixmap is created on.

width

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

The XCreatePixmap function creates a pixmap of the width, height, and depth you specified and
returns a pixmap ID that identifies it. It is valid to passrgutOnly window to the dravable
argument. Theavidth and height arguments must be nonzero, Ba@dValue error results. The

depth argument must be one of the depths supported by the screen of the spewdisd, dnaa
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 generatBadAlloc, BadDrawable, and BadValue errors.

To free all storage associated with a specified pixmapX&seePixmap.
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XFreePixmapdisplay pixmap)
Display *display;,
Pixmappixmap

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

The XFreePixmap function first deletes the association between the pixmap ID and the pixmap.
Then, the X server frees the pixmap storage when there are no references to it. The pixmap
should 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 wivdolf no cursor was defined for that windpthe
cursor is the one defined for the parent windo

From X’s perspecitie, 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 ceate a cursor from the standard cursor font XSeeateFontCursor.

#include <X11/cursorfont.h>

Cursor XCreatedntCursor (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 X$@ecolorCursor). 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 XCreateGlyphCursatisplay, source_fontmask_fontsource_chaymask_char
foregound_color, background_coloy
Display *display;,
Font source_fontmask_font
unsigned insource_chaymask_char
XColor *foregound_color,
XColor *background_coloyr

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

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

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

The XCreateGlyphCursor function is similar toXCreatePixmapCursor except that the source
and mask bitmaps are obtained from the specified font glyphs. The source_char must be a
defined glyph in source_font, orBadValue error results. If mask_font is\gn, 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 neegtrtot kame
bounding box metrics, and there is no restriction on the placement of the hotspat tethe
bounding bors. Ifno mask_char is gén, all pixels of the source are displayethu 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 mhbitmaps, useXCreatePixmapCursor.
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Cursor XCreatePixmapCursdaligplay, source mask foregound_color, background_colorx, y)
Display *display;
Pixmapsource
Pixmapmask
XColor *foregound_color,
XColor *background_coloyr
unsigned ink, y;

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

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

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

y Specify the x and y coordinates, which indicate the hotspotvelatthe
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_coloreven if the X server only has &taticGray or GrayScale screen. 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 pot. Themask argument defines the shape of the cuidue 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 isvgh, all pixels of the source are displayed. The mask, if present,
must be the same size as the pixmap defined by the source argumdsaddtatch error

results. Théotspot must be a point within the source, ®&aaMatch 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 theTdhesér

server might or might not maka @py of the pixmap.

XCreatePixmapCursor can generat8adAlloc and BadPixmap errors.

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

display Specifies the connection to the X server.

d Specifies the dwaable, which indicates the screen.

width

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

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

Some displays ali@ larger cursors than other displays. TX@ueryBestCursor function pro-

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

XQueryBestCursor can generate BadDrawable error.
To change the color of 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.

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

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

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

XRecolorCursor can generate BadCursor error.

To free (destroy) a gen cursot use XFreeCursor.
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XFreeCursordisplay, cursor)

Display *display;,

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

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

XFreeCursor can generate BadCursor error.
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Chapter 6

Color Management Functions

Each X windev aways 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 ackdessdeXlibsupports device-inde-
pendent color spaces dele 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 sEceeach possible
value that a pixel can t&kin a window, there is a color cell in the colormapor example, if a
window is 4 hts deep, pixel values 0 through 15 are definkadolormap 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 ntioaivei-

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
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there is a set of installed colormaps for a scréimdows 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.

Colormaps are local to a particular screen. Screavaysihase a afault 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 typ8taticGray,
GrayScale, StaticColor, PseudoColor, TrueColor, or DirectColor (see section 3.1).

6.1. Color Structures
Functions that operate only on RGB color space values us€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 haadkv 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). Bome functions, the flags member controls which of the red, green, and
blue members is used and can be the in®UGR of zero or more oDoRed, DoGreen, and

DoBlue.

Functions that operate on all color space values udemisColor 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).
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typedef unsigned long XcmsColorFormat;/* Color Specification Format */

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

Because the color specification can be encoded for the various color spaces, encoding for the spec
member is identified by the format 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 /* 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 wlor space added at run time may be different each time the prograecusee. 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 prefiXdped-ormatOfPrefix

and XcmsPrefixOfFormat).

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

typedef struct {
unsigned short red,;
unsigned short green;
unsigned short blue;
} XcmsRGB;

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

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

typedef struct {
XcmsFloat u_prime;
XcmsFloat v_prime;
XcmsFloat Y

} XcmsCIEuvY

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;
} XecmsCIELuy;

typedef struct {
XcmsFloat H;
XcmsFloat

/* 0x0000 to &kf /

/* 0x0000 to fixf /

/* 0x0000 to &kf /
[*RGB Device */

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

[*RGB Intensity */

/*0.0t0 1.0 */

[*CIE XYZ */

/*0.0t0 0.6 */

/*0.0t0 0.6 */
/¥0.0t0 1.0 */
[*CIE u'v'Y */

/*0.0to ~.75*/

/*0.0to .85 */
/*0.0t0 1.0 */
[* CIE xyY */

/*0.0 to 100.0 */

[*CIE L*a*b* */

/*0.0 to 100.0 */

[*CIE L*u*v* */

/*0.0 to 360.0 */
/*0.0 to 100.0 */

82

X11, Release 6.7 DRAFT



Xlib — C Library X11, Release 6.7 DRAFT

XcmsFloat C; /* 0.0 to 100.0 */
} XcmsTekHVC; I* TekHVC */
typedef struct {

XcmsFloat padO;
XcmsFloat padl;
XcmsFloat pad2;
XcmsFloat pad3;
} X cmsRd; /*four doubles */

The device-dependent formats providedwltolor 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 vaues
are of type unsigned short, scaled from 0 to 65535 invauaid are interchangeable with
the red, green, and blue values in&Dolor structure.

It is important to note that RGB Intensity values are not gamma corredtegby Incontrast,

RGB Device values generated as a result of@ting 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 casewasensiti

Color strings are used in the following functions:
. XAllocNamedColor

. XcmsAllocNamedColor

. XLookupColor

. XcmsLookupColor
. XParseColor
. XStoreNamedColor

Xlib supports the use of abstract color names, for example, red orfbladue 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:

83



Xlib — C Library X11, Release 6.7 DRAFT

<color_space_namexvalue>/.../<value>

The following are examples of valid color strings.

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

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

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

6.2.1. RGBDevice String Specification

An RGB Device specification is identified by the prefix “rgbrid 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 blig,the value scaled in 8 bitshhthe value scaled
in 12 bits, andhhhhthe value scaled in 16 bits, respedi.

Typical examples are the strings “rgh:ea/75/a2d “rgb:ccc/320/320”, but mixed numbers of
hexadecimal digit strings (“rgb:ff/a5/and “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 (1dits 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 (erthk “rgb:” syntax, in which values are
scaled). Br example, the string “#3d1s 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.
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6.2.3. Deice-Independent String Specifications
The standard device-independent string specificatiores tha following syntax:

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

All of the values (C, H, 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 screemteardwisnfor-
mation, typically called the device profile, isadable 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); hareXlib 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 affeCGtEs.

Xcms functions in which gamut mapping can occur refitatus and hae ecific status values
defined for them, as follows:

. XcmsFailure indicates that the function failed.

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

. XcmsSuccessWithCompressioimdicates 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.
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6.4. Creating, Copying, and Destroying Colormaps
To aeate a colormap for a screen, 0&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 allocaténli can passAllocNone or Allo-
cAll.

The XCreateColormap function creates a colormap of the specified visual type for the screen on
which the specified windworesides 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 hae
defined values, but those values are specific to the visual and are not defineddnys¥at-
icGray, StaticColor, and TrueColor, dloc must beAllocNone, or aBadMatch error results.
For the other visual classes, if allocAilocNone, the colormap initially has no allocated entries,
and clients can allocate therRor 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 adXAllocColorPlanes 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. Hawyeén 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, ¥&mpyColormapAndFree.

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 thes gelormap with their color

86



Xlib — C Library X11, Release 6.7 DRAFT

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

ated withAllocAll , 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 withAllocAll , the allocations to be med are all those pixels and planes thavda

been allocated by the client usiXgllocColor , XAllocNamedColor, XAllocColorCells, or
XAllocColorPlanes and that hee rot been freed since thevere allocated.

XCopyColormapAndFree can generatBadAlloc andBadColor errors.
To destrey a wlormap, useXFreeColormap.

XFreeColormapdisplay, colormap)
Display *display,
Colormapcolormap

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

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 win@oNone and generates @olormap-

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

XFreeColormap can generate BadColor error.

6.5. Mapping Color Names to Values

To map a color name to an RGB value, idsokupColor .
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Status XLookupColodisplay, colormap color_nameexact_def _returnscreen_def retum
Display *display;,
Colormapcolormap
char *tolor_name
XColor *exact_def_return*screen_def_return

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

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

exact_def _return
Returns the exact RGB values.

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

The XLookupColor function looks up the string name of a color with respect to the screen asso-
ciated with the specified colormap. It returns both the exact color values and the closest values
provided by the screen with respect to the visual type of the specified colormap. If the color
name is not in the Host Portable Character Encoding, the result is implementation-dependent.
Use of uppercase or lowercase does not makeaokupColor 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 return
Returns the exact color value for later use and set®dfRed, 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 caloiev 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.
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Status XcmsLookupColodfsplay, colormap color_string, color_exact_returncolor_screen_return
result_forma)
Display *display;,
Colormapcolormagp
char *color_string;
XcmsColor *tolor_exact_return*color_screen_return
XcmsColorFormatesult_format

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

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

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

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

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

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

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

6.6. 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 seriRead/write cells do not ka 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 consideredabei 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, d¥gdlocColor .
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Status XAllocColor{isplay, colormap, screen_in_out
Display *display;,
Colormapcolormap
XColor *screen_in_out

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

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

to the specified RGB elements supported by the hardware and returns the RGB value actually
used. Theorresponding colormap cell is read-only addition, XAllocColor returns nonzero

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

be assigned the same read-only etitnys 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, ¥sssAllocColor.

Status XcmsAllocColodisplay, colormap, color_in_out result_forma)
Display *display,
Colormapcolormap
XcmsColor *tolor_in_out
XcmsColorFormatesult_format

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

color_in_out Specifies the color to allocate and returns the pixel and color that is actually used
in the colormap.

result format Specifies the color format for the returned color specification.

The XcmsAllocColor function is similar toXAllocColor except the color can be specified in

ary format. TheXcmsAllocColor function ultimately callsXAllocColor to allocate a read-only
color cell (colormap entry) with the specified coldtfcmsAllocColor 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 caarting the RGB value returned B¥AllocColor into the format
specified with the result_formatgament. Ifthere is no interest in a returned color specification,
unnecessary computation can be bypassed if result_format isah&iRGBFormat. 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
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hardware in RGB format, usé€AllocNamedColor.

Status XAllocNamedColodjsplay, colormap color_name screen_def returrexact _def return
Display *display,
Colormapcolormap
char *tolor_name
XColor *screen_def_returitexact_def_return

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

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

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

exact_def_return
Returns the exact RGB values.

The XAllocNamedColor function looks up the named color with respect to the screen that is
associated with the specified colormap. It returns both the exact database definition and the clos-
est color supported by the screen. The allocated color cell is readidr@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, ukemsAllocNamedColor.
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Status XcmsAllocNamedColad{splay, colormap color_string, color_screen_returncolor_exact_return
result_forma)
Display *display;,
Colormapcolormagp
char *color_string;
XcmsColor *tolor_screen_return
XcmsColor *tolor_exact_return
XcmsColorFormatesult_format

display Specifies the connection to the X server.
colormap Specifies the colormap.
color_string  Specifies the color string whose color definition structure is to be returned.

color_screen_return
Returns the pixel value of the color cell and color specification that actually is
stored for that cell.

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

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

The XcmsAllocNamedColor function is similar toXAllocNamedColor except that the color
returned can be in grformat 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. Ustuppercase 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 BYAllocColor into the format specified in result_format.

If there is no interest in a returned color specification, unnecessary computation can be bypassed
if result_format is set t&cmsRGBFormat. If color_screen_return and color_exact_return point

to the same structure, the pixel field will be set correbtiythe 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 npixels
Display *display;,
Colormapcolormagp
Bool contig;
unsigned longlane_masks_retufiy
unsigned inhplanes
unsigned longixels_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
array.

pixels_return Returns an array of pixel values.

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

The XAllocColorCells function allocates read/write color cells. The number of colors must be
positive and the number of planes 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 gmther mask or with anof the pixels. ByORing

together each pixel with zero or more masks, ncolof§®distinct 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 togetheesngle 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 undefix&dlocCol-
orCells returns nonzero if it succeeded or zero if it failed.

XAllocColorCells can generat®adColor and BadValue errors.

To dlocate read/write color resources foDaectColor model, useXAllocColorPlanes.
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Status XAllocColorPlaneslfsplay, colormap contig, pixels_return ncolors, nreds ngreens
nblues rmask_returngmask_returnbmask_returh
Display *display;,
Colormapcolormagp
Bool contig;
unsigned longixels_returi];
int ncolors,
int nreds ngreens nblues
unsigned long fmask_return *gmask_return*bmask_return

display Specifies the connection to the X server.

colormap Specifies the colormap.

contig Specifies a Boolean value that indicates whether the planes must be contiguous.

pixels_return Returns an array of pixel valueXAllocColorPlanes returns the pixel values in
this array.

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

nreds

ngreens

nblues

Specify the number of red, green, and blue planes. The value you pass must be
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 ontiguous set of bits set to 1. No mask

will have any lits set to 1 in common with sother 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®gismareensnbluey 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 truerefor PseudoColor. When the colormap entry of a

pixel value is changed (usingStoreColors, XStoreColor, or XStoreNamedColor), the pixel

is decomposed according to the masks, and the corresponding independent entries are updated.
XAllocColorPlanes returns nonzero if it succeeded or zero if it failed.

XAllocColorPlanes can generatBadColor 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 gof 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 gillgcColor ,
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 fresedf ene or more
pixels produce an erroif a ecified pixel is not a valid inaento 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, XStoreColor.

XStoreColor flisplay, colormap color)
Display *display,
Colormapcolormap
XColor *color;

display Specifies the connection to the X server.
colormap Specifies the colormap.
color Specifies the pixel and RGB values.

The XStoreColor function changes the colormap entry of the pixel value specified in the pixel
member of theXColor structure. 6u specified this value in the pixel member of X@olor
structure. Thigixel value must be a read/write cell and a valid xridéo the colormap. If a
specified pixel is not a valid ingdénto the colormap, 8adValue error results.XStoreColor
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also changes the red, green, and/or blue color componéispecify 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
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 &Color structures in the color definition array.

The XStoreColors function changes the colormap entries of the pixel values specified in the
pixel members of th&XColor structures. 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&telse Col-

ors changes the specified pixels if yrere 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 gore a color of arbitrary format in a single colormap cell, XismsStoreColor.

Status XcmsStoreColad{splay, colormap, color)
Display *display,
Colormapcolormap
XcmsColor *tolor;

display Specifies the connection to the X server.
colormap Specifies the colormap.
color Specifies the color cell and the color to stovelues specified in thiXcms-

Color structure remain unchanged on return.

The XcmsStoreColor function cowerts the color specified in thécmsColor structure into

RGB values. Itthen 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 indéor

the specified colormap, and the color cell specified by the pixel value must be a read/write cell.

the pixel value is not a valid index BadValue error results. If the color cell is unallocated or is
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allocated read-onjya BadAccesserror results. If the colormap is an installed map for its screen,
the changes are visible immediately.

Note thatXStoreColor has no return value; therefore, #omsSuccesseturn value from this
function indicates that the cearsion to RGB succeeded and the calK®toreColor was made.

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

XcmsStoreColor can generatBadAccess BadColor, and BadValue errors.
To gore multiple colors of arbitrary format in multiple colormap cells, XsmsStoreColors

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

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

a olor cell and the color to store in that céllalues specified in the array remain
unchanged upon return.

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

compression_flags_return
Returns an array of Boolean values indicating compression status. If a non-
NULL pointer is supplied, each element of the array is sét te if the corre-
sponding color was compressed d&ailse 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 corresponicrgsColor 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-palgadAccesserror results. If more than one

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

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

To dbtain the actual colors stored, usemsQueryColors. Because of the screasrfiardware
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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XStoreNamedColomisplay, colormap color, pixel, flags)

Display *display;,
Colormapcolormap
char *color;
unsigned longpixel;
int flags;
display Specifies the connection to the X server.
colormap Specifies the colormap.
color Specifies the color name string (for example, red).
pixel Specifies the entry in the colormap.
flags Specifies which red, green, and blue components are set.

The XStoreNamedColor function looks up the named color with respect to the screen associated
with the colormap and stores the result in the specified colormap. The pixel argument determines
the entry in the colormap. The flags argument determines which of the red, green, and blue com-
ponents are 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 théColor structure to all three colors. If a pixel is not a valid ind#o

the specified colormap,BadValue error results. If more than one pixel is in eftbe 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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XQueryColors flisplay, colormap, defs_in_outncolors)
Display *display;,
Colormapcolormap
XColordefs_in_oJf;

int ncolors,
display Specifies the connection to the X server.
colormap Specifies the colormap.

defs_in_out Specifies and returns an array of color definition structures for the pixel specified
in the structure.

ncolors Specifies the number fColor structures in the color definition array.

The XQueryColors function returns the RGB value for each pixel in eX€wolor structure and
sets theDoRed, DoGreen, 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_forma)
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 qUéry 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 generatBadColor and BadValue errors.

To query the color of multiple colormap cells in an arbitrary format,XmmsQueryColors.
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Status XcmsQueryColordisplay, colormap colors_in_out ncolors, result_forma)
Display *display;,
Colormapcolormap
XcmsColorcolors_in_ouf];
unsigned intcolors,
XcmsColorFormatesult_format
display Specifies the connection to the X server.
colormap Specifies the colormap.

colors_in_out Specifies an array ofcmsColor structures, each pixel member indicating the
color cell to query The color specifications for the color cells are returned in
these structures.

ncolors Specifies the number &fcmsColor structures in the color-specification array.
result_format Specifies the color format for the returned color specification.

The XcmsQueryColors function obtains the RGB values for pixel values in the pixel members
of XcmsColor structures and then caarts the values to the target format as specified by the
result_format ayument. 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, moédifgt 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 modified by the X client are:

. Client White Point
. Gamut compression procedure and client data
. White point adjustment procedure and client data

The initial values for these attributes are implementation specific. The CCC attributes for subse-
guently created CCCs can be defined by changing the CCC attributes of the default CCC. There
is a default CCC associated with each screen.

6.8.1. Gettingand Setting the Color Cowersion Context of a Colormap
To dbtain the CCC associated with a colormap, XiemsCCCOfColormap.

XecmsCCC XecmsCCCOfColormagdisplay, colormap
Display *display;,
Colormapcolormap

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

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

To change the CCC associated with a colormap XesasSetCCCOfColormap.

XecmsCCC XcmsSetCCCOfColormagigplay, colormap, ccc)
Display *display;
Colormapcolormagp
XecmsCCCeccc;

display Specifies the connection to the X server.

colormap Specifies the colormap.
cce Specifies the CCC.

The XcmsSetCCCOfColormapfunction changes the CCC associated with the specified col-
ormap. ltreturns the CCC previously associated with the colormap. yfateenot used again in

the application, CCCs should be freed by calwnsFreeCCC. 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 dbtain the default CCC for a screen, ugamsDefaultCCC.

XecmsCCC XemsDeultCCC display, screen_number
Display *display;
int screen_number

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

The XcmsDefaultCCC function returns the default CCC for the specified screen. Its visual is
the default visual of the screen. Its initial gamut compression and white point adjustment proce-
dures as well as the associated client data are implementation specific.

6.8.3. ColorConversion Context Macros

Applications should not directly modify wpart of theXcmsCCC. The following lists the C
language macros, their corresponding functionvatgrits for other language bindings, and what
data thg both can return.
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DisplayOfCCC ¢cc)
XemsCCCccc;

Display *XcmsDisplayOfCCCgcc)
XcmsCCcCeccg;

cce Specifies the CCC.

Both return the display associated with the specified CCC.

VisualOfCCC ¢cc)
XemsCCCccc;

Visual *Xcms\sualOfCCC €cc)
XemsCCCccc;

cce Specifies the CCC.

Both return the visual associated with the specified CCC.

ScreenNumberOfCCE¢c)
XcmsCCCcecc;

int XcmsScreenNumberOfCCE¢c)
XemsCCCccc;

cce Specifies the CCC.

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

ScreenWhitePointOfCC@¢c)
XcmsCCCccg;

XcmsColor *XcmsScreenWhitePointOfCCEXC)
XemsCCCccc,

cce Specifies the CCC.

Both return the white point of the screen associated with the specified CCC.
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ClientWhitePointOfCCCdcc)
XemsCCCccc;

XcmsColor *XcmsClientWhitePointOfCC@¢c)
XcmsCCcCeccg;

cce Specifies the CCC.

Both return the Client White Point of the specified CCC.

6.8.4. Modifying Attributes of a Color Conversion Context
To st the Client White Point in the CCC, ugemsSetWhitePoint

Status XcmsSetWhitePoirtgc, color)
XecmsCCCeccc;
XcmsColor *tolor;

cce Specifies the CCC.
color Specifies the me 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 XcmsUndefinedFormat If the color argument is NULL, this func-

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

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 thve white point is valid; otherwise, it
returns zero.

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

XcmsCompressionProc XemsSetCompressionRiarg Ccompression_pracclient_datd
XecmsCCCeccc;
XcmsCompressionPrammpression_prac
XPointerclient_datg

cce Specifies the CCC.

compression_proc
Specifies the gamut compression procedure that is to be applied when a color lies
outside the screemtolor gamut. IfNULL is specified and a function using this
CCC must cowvert a color specification to a device-dependent format and
encounters a color that lies outside the sceeahdr gamut, that function will
return XcmsFailure.

client_data  Specifies client data for the gamut compression procedure or NULL.

The XcmsSetCompressionProdunction first sets the gamut compression procedure and client
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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.

XemsWhiteAdjustProc XecmsSetWhiteAdjustProc¢, white _adjust_progcclient_datd
XecmsCCCeccc;
XcmsWhiteAdjustProevhite_adjust_pror
XPointerclient_datag

cce Specifies the CCC.

white_adjust_proc
Specifies the white point adjustment procedure.

client_data  Specifies client data for the white point adjustment procedure or NULL.

The XcmsSetWhiteAdjustProc function first sets the white point adjustment procedure and
client data in the specified CCC with the newly specified procedure and client data and then
returns the old procedure.

6.8.5. Crating and Freeing a Color Comersion Context

You can explicitly create a CCC within your application by callgmsCreateCCC. 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 aeate a CCC, us¥cmsCreateCCC.
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XecmsCCC XcmsCreateCCd@igplay, screen_numbewisual, client_white _pointcompression_prac
compression_client_datavhite_adjust_procwhite_adjust_client_dafa
Display *display;,
int screen_number
Visual *isual;
XcmsColor *tlient_white_point
XcmsCompressionPramompression_prgc
XPointercompression_client_data
XcmsWhiteAdjustProevhite _adjust_prog
XPointerwhite_adjust_client_data

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

visual Specifies the visual type.
client_white_point
Specifies the Client White Point. If NULL is specified, the Client White Point is

to be assumed to be the same as the Screen White Point. Note that the pixel
member is ignored.

compression_proc
Specifies the gamut compression procedure that is to be applied when a color lies
outside the screemtolor gamut. IfNULL is specified and a function using this
CCC must covert a color specification to a device-dependent format and
encounters a color that lies outside the sceeatdr gamut, that function will
return XcmsFailure.

compression_client_data
Specifies client data for use by the gamut compression procedure or NULL.

white_adjust_proc
Specifies the white adjustment procedure that is to be applied when the Client
White Point differs from the Screen White Point. NULL indicates that no white
point adjustment is desired.

white_adjust_client_data
Specifies client data for use with the white point adjustment procedure or NULL.
The XcmsCreateCCCfunction creates a CCC for the specified dispteseen, and visual.

To free a CCC, us¥cmsFreeCCC.

void XcmsFreeCCCdcc)
XecmsCCCeccc;

cce Specifies the CCC.

The XcmsFreeCCCfunction frees the memory used for the specified CCC. Note that default
CCCs and those currently associated with colormaps are ignored.
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6.9. Corverting between Color Spaces

To corvert an array of color specifications in arbitrary color formats to a single destination for-
mat, useXcmsCornvertColors .

Status XcmsCaorertColors (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 comrsion is between device-independent color spaces
only (for example, TekHVC to CIELuv), the CCC is necessary only to specify
the Client White Point.

colors_in_out Specifies an array of color specifications. Pixel members are ignored and remain
unchanged upon return.

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

compression_flags_return
Returns an array of Boolean values indicating compression status. If a non-
NULL pointer is supplied, each element of the array is sé&t te if the corre-
sponding color was compressed daiise 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, XemsRGBFormat), 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 (typicalgmsRGBi)
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 carrsion 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 diffrrequired, the client data is obtained from the
CCC.
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6.10.1. Pototype Gamut Compression Procedure
The gamut compression callback interface must adhere to the following:

typedef Status XcmsCompressionProcggc, colors_in_ouf ncolors, index, compression_flags_retuyn

XcmsCCCccc;
XcmsColorcolors_in_out[];
unsigned inhcolors,

unsigned intndex;

Bool compression_flags_return]

Ccc

Specifies the CCC.

colors_in_out Specifies an array of color specifications. Pixel members should be ignored and

ncolo
index

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

Specifies the indeinto the array oXcmsColor structures for the encountered
color specification that lies outside the scre@nlor gamut. \alid values are 0
(for the first element) to ncolors — 1.

compression_flags_return

Returns an array of Boolean values for indicating compression status. If a non-
NULL pointer is supplied and a color at aei index is compressed, thefir ue
should be stored at the corresponding xnidehis 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 ary modifications are made to these
color specifications, tlyamust be in their initial device-dependent format upon return.

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

Upon return, this color specification must bexiemsCIEXYZ .

When called, elements from ind& ncolors — 1 in the color specification array may or
may not fall within the screemmlor 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 procedeidréady been
adjusted to the Screen White Point. This means that at this point the color specification’s
white point is the Screen White Point.

If the gamut compression procedure uses a device-independent color space not initially
accessible for use in the color management systenXamsAddColorSpaceto ensure
that it is added.
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6.10.2. SuppliedGamut Compression Procedures
The following equations are useful in describing gamut compression functions:

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

. (b starU
CIELab Psychometritlue = tan ! ——
rf_starp

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

star
CIELuv Psychometri¢iue = tarr /=0 U
Y Lu_star

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

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

. XcmsTekHVCClipvC

This brings the encountered out-of-gamut color specification into the scoskm’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 X{cc, initial_white_point target_white_point target_format,
colors_in_out ncolors, compression_flags_retuyn
XemsCCCccc;
XcmsColor #nitial_white_point
XcmsColor *target_white_point
XcmsColorFormatarget_format,
XcmsColorcolors_in_out[];
unsigned innhcolors,
Bool compression_flags_return]

cce Specifies the CCC.
initial_white_point
Specifies the initial white point.
targel_white_point
Specifies the target white point.
target format Specifies the target color specification format.

colors_in_out Specifies an array of color specifications. Pixel members should be ignored and
must remain unchanged upon return.

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

compression_flags_return
Returns an array of Boolean values for indicating compression status. If a non-
NULL pointer is supplied and a color at aei index is compressed, thefr ue
should be stored at the corresponding xidehis array; otherwise, the array
should not be modified.
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6.10.4. SuppliedVhite 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 cwerts the color specifications d6cmsCIELab using the source

white point and then cemrts 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 cogrts the color specifications #¥cmsCIELuv using the source

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

point. Noclient data is necessary.

. XecmsTekHVCWhiteShiftColors

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 carerts the color specifications dcmsTekHVC using the source

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

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

From an implementation point of viethese 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 CIENEXY 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 difféine XcmsAllocColor function will use the white point
adjustment procedure twice:

. Once to cowert to XcmsRGB
. A second time to caert from XcmsRGB

For example, assume the specification isiemsCIEuvY and the adjustment proceduredsm-
SCIELuvWhiteShiftColors . During corversion 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 XemsCIEXYZ (CIE uv'Y and XYZ are white-point-independent
color spaces)

. From XcmsCIEXYZ to XcmsRGBi
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. From XcmsRGBI to XcmsRGB

The resulting RGB specification is passeX#dlocColor , 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 Xliddes. Theséunctions allow
the client to query the boundary of the scre@nlor gamut in terms of the CIE L*a*b*, CIE
L*u*v*, and TekHVC color spaces. Functions are also provided thawvgibu 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 scieesibr gamut.

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 XemsTekHVCQueryMaxC 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 blueXcossQuery-
Black.

Status XcmsQueryBlack€c, target_format, color_return)
XcmsCCCeccc;
XcmsColorFormatarget_format,
XcmsColor *tolor_return;

cce Specifies the CCC. The CG&Xient White Point and white point adjustment
procedures are ignored.
targel_format Specifies the target color specification format.

color_return  Returns the color specification in the specified target format for zero-intensity
red, green, and blue. The white point associated with the returned color specifi-
cation is the Screen White Point. The value returned in the pixel member is
undefined.

The XcmsQueryBlack function returns the color specification in the specified target format for
zero-intensity red, green, and blue.
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To dbtain the color specification for blue (full-intensity blue while red and green are zero), use
XcmsQueryBlue.

Status XcmsQueryBluegc, target_format, color_return)
XcmsCCcCccc;
XcmsColorFormatarget_format,
XcmsColor *tolor_return;

cce Specifies the CCC. The CCient White Point and white point adjustment
procedures are ignored.

targel_format Specifies the target color specification format.

color_return  Returns the color specification in the specified target format for full-intensity
blue while red and green are zero. The white point associated with the returned
color specification is the Screen White Point. The value returned in the pixel
member is undefined.

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

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

Status XcmsQueryGreeedc, target_format, color_return)
XecmsCCCeccc;
XcmsColorFormatarget_format,
XcmsColor *tolor_return;

cce Specifies the CCC. The CGXient White Point and white point adjustment
procedures are ignored.
targel_format Specifies the target color specification format.

color_return  Returns the color specification in the specified target format for full-intensity
green while red and blue are zero. The white point associated with the returned
color specification is the Screen White Point. The value returned in the pixel
member is undefined.

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

To adbtain the color specification for red (full-intensity red while green and blue are zero), use
XcmsQueryRed
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Status XcmsQueryRed¢c, target_format, color_return)
XcmsCCCeccc;
XcmsColorFormatarget_format,
XcmsColor *tolor_return;

cce Specifies the CCC. The CG&Xient White Point and white point adjustment
procedures are ignored.
targel_format Specifies the target color specification format.

color_return  Returns the color specification in the specified target format for full-intensity red
while green and blue are zero. The white point associated with the returned color
specification is the Screen White Point. The value returned in the pixel member
is undefined.

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

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

Status XcmsQueryWhite¢c, target_format, color_return)
XcmsCCCccc;
XcmsColorFormatarget_format,
XcmsColor *tolor_return;

cce Specifies the CCC. The CCient White Point and white point adjustment
procedures are ignored.
target format Specifies the target color specification format.

color_return  Returns the color specification in the specified target format for full-intensity red,
green, and blue. The white point associated with the returned color specification
is the Screen White Point. The value returned in the pixel member is undefined.

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

6.11.2. 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* ———[
CR_star

To dbtain the CIE L*a*b* coordinates of maximum Psychometric Chroma fovem gisychome-
tric Hue Angle and CIE metric lightness (L*), u§emsCIELabQueryMaxC .
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Status XcmsCIELabQueryMax€dc, hue_angleL_star, color_return)
XcmsCCCeccc;
XcmsFloathue _angle
XcmsFloatl_star,
XcmsColor *tolor_return;

cce Specifies the CCC. The CC&Xient 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, given a hue angle and lightness, finds the point of
maximum chroma displayable by the screen. It returns this point in CIE L*a*b* coordinates.

To 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)
XecmsCCCeccc;
XcmsFloathue_angle
XcmsFloatchroma;
XcmsColor *tolor_return;

cce Specifies the CCC. The CCient 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
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 theagi chroma

is beyond maximum for the\gn hue angle.

To dbtain the CIE L*a*b* coordinates of maximum Psychometric Chroma foven disychome-
tric Hue Angle, useXcmsCIELabQueryMaxLC .
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Status XcmsCIELabQueryMaxLE€¢c, hue_anglecolor_return)
XcmsCCCeccc;
XcmsFloathue _angle
XcmsColor *tolor_return;

cce Specifies the CCC. The CC&Xient 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

color specification is the Screen White Point. The value returned in the pixel
member is undefined.

The XcmsCIELabQueryMaxLC function, given a hue angle, finds the point of maximum
chroma displayable by the screen. It returns this point in CIE L*a*b* coordinates.

To dbtain the CIE L*a*b* coordinates of minimum CIE metric lightness (L*) foraegiPsycho-
metric Hue Angle and Psychometric Chroma, ¥ssmsCIELabQueryMinL .

Status XcmsCIELabQueryMinlcEc, hue_anglechroma, color_return)
XcmsCCCccc;
XcmsFloathue _angle
XcmsFloatchroma;
XcmsColor *tolor_return;

cce Specifies the CCC. The CGXient 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 XcmsFailure 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 Psychometritiue = tarit B'=> O
Y Lu_stard
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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)
XcmsCCcCccc;
XcmsFloathue_angle
XcmsFloatl_star;
XcmsColor *tolor_return;

cce Specifies the CCC. The CCient 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 XecmsCIELuvQueryMaxC 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*) fonaegiPsycho-
metric Hue Angle and Psychometric Chroma, ¥sensCIELuvQueryMaxL .

Status XcmsCIELuvQueryMaxlcgc, hue_anglechroma, color_return)
XcmsCCCccc;
XcmsFloathue _angle
XcmsFloatchroma;
XcmsColor *tolor_return;

cce Specifies the CCC. The CC&Xient 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, gven a hue angle and chroma, finds the point in CIE
L*u*v* color space of maximum lightness (L*) displayable by the screen. It returns this point in
CIE L*u*v* coordinates. AnXcmsFailure return value usually indicates that 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;

cce Specifies the CCC. The CC&Xient 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
color specification is the Screen White Point. The value returned in the pixel
member is undefined.

The XecmsCIELuvQueryMaxLC function, given a hue angle, finds the point of maximum
chroma displayable by the screen. It returns this point in CIE L*u*v* coordinates.

To dbtain the CIE L*u*v* coordinates of minimum CIE metric lightness (L*) foreegiPsycho-
metric Hue Angle and Psychometric Chroma, ¥ssmsCIELuvQueryMinL .

Status XcmsCIELuvQueryMinlgcc, hue_anglechroma, color_return)
XcmsCCCccc;
XcmsFloathue _angle
XcmsFloatchroma;
XcmsColor *tolor_return;

cce Specifies the CCC. The CG&Xient 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, us&cmsTekHVCQueryMaxC .
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Status Xcms@8kHVCQueryMaxCé¢cc, hue, value, color_return)
XcmsCCCeccc;
XcmsFloathue
XcmsFloatvalue
XcmsColor *tolor_return;

cce Specifies the CCC. The CC&Xient 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 ahgeVatwhich the
maximum Chroma was found. The white point associated with the returned
color specification is the Screen White Point. The value returned in the pixel
member is undefined.

The XcmsTekHVCQueryMaxC function, given a Hue and Value, determines the maximum
Chroma in TekHVC color space displayable by the screen. It returns the maximum Chroma
along with the actual Hue and Value at which the maximum Chroma was found.

To dbtain the maximum Value for avgnh Hue and Chroma, us¢cmsTekHVCQueryMaxV .

Status Xcms@kHVCQueryMaxV €cc, hue, chroma, color_return)
XecmsCCCeccc;
XcmsFloathue;
XcmsFloatchroma;
XcmsColor *tolor_return;

cce Specifies the CCC. The CCient White Point and white point adjustment
procedures are ignored.

hue Specifies the Hue in which to find the maximum Value.

chroma Specifies the chroma at which to find maximum Value.

color_return  Returns the maximum Value along with the Hue and Chroma at which the maxi-
mum Value was found. The white point associated with the returned color speci-
fication is the Screen White Point. The value returned in the pixel member is
undefined.

The XcmsTekHVCQueryMaxV function, given a Hue and Chroma, determines the maximum
Value in TekHVC color space displayable by the screen. It returns the maximum Value and the
actual Hue and Chroma at which the maximum Value was found.

To dbtain the maximum Chroma and Value at which it is reached for a specified HXegmse
sTekHVCQueryMaxVC.
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Status Xcms@8kHVCQueryMaxVC ¢cc, hue, color_return)
XcmsCCCecc;
XcmsFloathue
XcmsColor *tolor_return;

cce Specifies the CCC. The CC&Xient White Point and white point adjustment
procedures are ignored.
hue Specifies the Hue in which to find the maximum Chroma.

color_return  Returns the color specification in XcmsTekHVC for the maximum Chroma, the
Value at which that maximum Chroma is reached, and the actual Hue at which
the maximum Chroma was found. The white point associated with the returned
color specification is the Screen White Point. The value returned in the pixel
member is undefined.

The XcmsTekHVCQueryMaxVC function, 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@kHVCQueryMaxVSampleg€c, hue, colors_return nsample
XecmsCCCeccc;
XcmsFloathue;
XcmsColorcolors_return(];
unsigned inhsamples

cce Specifies the CCC. The CCient 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 XemsTekHVC such that the Chroma
is the maximum attainable for the Value and Hue. The white point associated
with the returned color specification is the Screen White Point. The value
returned in the pixel member is undefined.

The XcmsTekHVCQueryMaxVSamplesreturns nsamples of maximum Value, the Chroma at
which that maximum Value is reached, and the actual Hue for which the maximum Chroma was
found. 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 axgin Hue and Chroma, usécmsTekHVCQueryMinV .
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Status Xcms@8kHVCQueryMinV (ccc, hue, chroma, color_return)
XcmsCCCeccc;
XcmsFloathue
XcmsFloatchroma;
XcmsColor *tolor_return;

cce Specifies the CCC. The CC&Xient White Point and white point adjustment
procedures are ignored.

hue Specifies the Hue in which to find the minimum Value.

value Specifies the Value in which to find the minimum Value.

color_return  Returns the minimum Value and the actual Hue and Chroma at which the mini-
mum Value was found. The white point associated with the returned color speci-
fication is the Screen White Point. The value returned in the pixel member is
undefined.

The XcmsTekHVCQueryMinV function, given a Hue and Chroma, determines the minimum
Value in TekHVC color space displayable by the screen. It returns the minimum Value and the
actual Hue and Chroma at which the minimum Value was found.

6.12. ColorManagement Extensions
The Xlib color management facilities can be extended awiays:
. Device-Independent Color Spaces

Device-independent color spaces that arevdale 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 outpuvides. Afunction set can be added using ¥em-
sAddFunctionSetfunction.

6.12.1. ColorSpaces

The CIE XYZ color space serves as the hub for alVemions between device-independent and
device-dependent color spaces. Therefore, the knowledgeuerican 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 aant 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 camrting between only device-independent color spaces or only device-depen-
dent color spaces, shortcuts are taken weerpessible. 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, XisenisAddColorSpace
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Status XcmsAddColorSpaocedlor_spacé
XcmsColorSpacecolor_space

color_space Specifies the device-independent color space to add.

The XcmsAddColorSpacefunction makes a device-independent color space (actuakians-
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 systen,
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 XcmssrmatOfPrefix 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 systedemsFormatOfPrefix 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 formaggament. Otherwisef 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 spasesion and color string parsing is

stored in anXcmsColorSpacestructure. Therefore new 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 th&écmsAddColorSpacefunction.

If a new XcmsColorSpacestructure 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
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spaces are assigned at run time. If references to an unregistered color space must be made outside
the client (for example, storing color specifications in a file using the unregistered color space),

then reference should be made by color space prefix@asFormatOfPrefix and XcmsPre-

fixOfFormat ).

typedef (*XcmsComnersionProc)();
typedef XcmsCoversionProc *XcmsFuncListPtr;
/* A NULL terminated list of function pointers*/

typedef struct _XcmsColorSpace {
char *prefix;
XcmsColorFormat format;
XcmsParseStringProc parseString;
XcemsFuncListPtr to_ CIEXYZ;
XcmsFuncListPtr from_CIEXYZ;
int inverse_flag;

} X cmsColorSpace;

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 ilroraaColor structure. This
function returns an integer (int): nonzero if it succeeded and zero otherwise. The to_ CIEXYZ
and from_CIEXYZ members contain pointers, each to a NULL terminated list of function point-
ers. 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 expliciéyen 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 gersion 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:
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typedef int (*XcmsRrseStringProcyplor_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 spa@mmat.

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 CoversionProc ¢cc white_poinf colors_in_outncolors)
XecmsCCCeccc;
XcmsColor white_point
XcmsColor *tolors_in_out
unsigned intcolors,

cce Specifies the CCC.

white_point  Specifies the white point associated with color specifications. The pixel member
should be ignored, and the entire structure remain unchanged upon return.

colors_in_out Specifies an array of color specifications. Pixel members should be ignored and
must remain unchanged upon return.

ncolors Specifies the number &fcmsColor structures in the color-specification array.

Callback functions in th&XcmsColorSpacestructure for 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
XcmsCCcCccc;
XcmsColor *tolors_in_out
unsigned inhcolors,
Bool compression_flags_retufh

cce Specifies the CCC.

colors_in_out Specifies an array of color specifications. Pixel members should be ignored and
must remain unchanged upon return.

ncolors Specifies the number &fcmsColor structures in the color-specification array.

compression_flags_return
Returns an array of Boolean values for indicating compression status. If a non-
NULL pointer is supplied and a color at aei index is compressed, thefir ue
should be stored at the corresponding xidehis array; otherwise, the array
should not be modified.

Corversion functions arevailable globally for use by other color spaces. Thevesion func-
tions provided by Xlib are:
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Function

Converts from

Corverts to

XcmsCIELabToCIEXYZ
XemsCIELuvToCIEuvY
XcmsCIEXYZToCIELab
XemsCIEXYZToCIEuvY
XemsCIEXYZToCIExyY
XcmsCIEXYZToRGBiI
XemsCIEuvYToCIELuv
XcmsCIEuvYToCIEXYZ
XcmsCIEuvYToTekHVC
XcmsCIExyYToCIEXYZ
XcmsRGBToRGBI
XcmsRGBIToCIEXYZ
XcmsRGBIToRGB
XcmsTekHVCToCIEuvY

XcmsCIELabFormat
XemsCIELuvFormat
XcemsCIEXYZFormat
XcmsCIEXYZFormat
XcemsCIEXYZFormat
XemsCIEXYZFormat
XemsCIEuvYFormat
XcmsCIEuvYFormat
XcemsCIEuvYFormat
XcmsCIExyYFormat
XcmsRGBFormat
XcmsRGBIiFormat
XcmsRGBiFormat
XcmsTekHVCFormat

XemsCIEXYZFormat
XcemsCIEuvYFormat
XcmsCIELabFormat
XcmsCIEuvYFormat
XcmsCIExyYFormat
XcmsRGBiFormat
XcmsCIELabFormat
XemsCIEXYZFormat
XcmsTekHVCFormat
XcmsCIEXYZFormat
XcmsRGBiFormat
XemsCIEXYZFormat
XecmsRGBFormat
XcemsCIEuvYFormat

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 thatedorolor specifications between these device-
dependent color spaces and the CIE XYZ color space appropriate for a particular class of output
devices. Thédunction 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 o color characterization data is stored in root window
properties, see the section on Device Color Characterization linténeClient Communication
Conventions ManualThe LINEAR_RGB function set is provided by Xlib and will support most
color monitors. Function sets may require data that differs from those needed for the LIN-
EAR_RGB function set. In that case, its corresponding data may be stored on different root win-
dow properties.

6.12.8. AddingFunction Sets
To ad a function set, usécmsAddFunctionSet

Status XcmsAddFunctionSdtfiction_sex
XcmsFunctionSetftinction_set

function_set Specifies the function set to add.

The XcmsAddFunctionSetfunction adds a function set to the color management system. If the
function set uses device-depend®omsColorSpacestructures not accessible in the color man-
agement system¥cmsAddFunctionSetadds them. If an addedcmsColorSpacestructure is

for a device-dependent color space not registered with the X Consortiyrshtid be treated

as prvate to the client because format values for unregistered color spaces are assigned at run
time. If references to an unregistered color space must be made outside the client (for example,
storing color specifications in a file using the unregistered color space), then reference should be
made by color space prefix (sKemsFormatOfPrefix and XcmsPrefixOfFormat).
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Additional function sets should be added befonecafls to other Xlib routines are made. If not,
the XcmsPerScrninfo member of a previously create@dmsCCC 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 seresat 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

If a function set uses medevice-dependenkKcmsColorSpacestructures, thewill be transpar-
ently processed into the color management system. Function sets can skemes@uolorSpace
structure for a device-dependent color space. In addition, muKpiesColorSpacestructures
are allowed for a device-dependent color space; e function set can reference only one of
them. TheseXcmsColorSpacestructures will differ in the functions to ceart 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 pointXisneCol-
orSpacestructures for the device-dependent color spaces that are supported by the function set.
The screenlnitProc member is set to the callback procedure (see the following interface specifica-
tion) that initializes theXcmsPerScrninfo structure for a particular screen.

The screen initialization callback must adhere to the following software interface specification:

typedef Status (*XcmsScreenlnitProdigplay, screen_numbescreen_infd
Display *display;
int screen_number
XcmsPerScrninfo creen_info

display Specifies the connection to the X server.

screen_number
Specifies the appropriate screen number on the host server.

screen_info  Specifies theXcmsPerScrninfo structure, which contains the per screen infor-
mation.

The screen initialization callback in tbéemsFunctionSetstructure fetches the color characteri-
zation data (device profile) for the specified screen, typicdilgroperties on the screaoot
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).
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. It next sets the screenWhitePoint member.
. It next sets the functionSet member to the address oKtmsFunctionSetstructure.
. It then sets the state membedomsinitSuccessand finally returnsKcmsSuccess

If unsuccessful, the procedure sets the state memb@misinitFailure and returnsXcmskFail-
ure.

The XcmsPerScrninfo structure contains:

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.

. XcmslnitFailure indicates initialization has been previously attempted but failed.

. XcmslnitSuccessindicates initialization has been previously attempted and succeeded.
The screen free callback must adhere to the following software interface specification:

typedef void (*XcmsScreenFreeProsifeenDatd
XPointerscreenData

screenData  Specifies the data to be freed.

This function is called to free the screenData stored damsPerScrninfo structure.
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Chapter 7

Graphics Context Functions

A number of resources are used when performing graphics operations in X. Most information
about performing graphics (for example, foreground ¢tkxrkground colagrine 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 vdijemte
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. Extension® 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 6@sxample, a call toXSet-
Foreground of a GC followed by a call t&XSetLineAttributes results in only a single-change

GC protocol request to the servé&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 st an attribute of a GC, set the appropriate member d{@@Values structure and OR in
the corresponding value bitmask in your subsequent cal€teateGC. The symbols for the
value mask bits and thEGCValues 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_dket;

X11, Release 6.7 DRAFT

(1L<<0)
(1L<<1)
(1L<<2)
(1L<<3)
(1L<<4)
(1L<<b)
(1L<<6)
(AL<<7)
(1L<<8)
(1L<<9)
(1L<<10)
(1L<<11)
(1L<<12)
(1L<<13)
(1L<<14)
(1L<<15)
(1L<<16)
(1L<<17)
(1L<<18)
(1L<<19)
(1L<<20)
(1L<<21)
(1L<<22)

/* logical operation */
/* plane mask */
[*foreground pixel */
/* background pixel */
/* line width (in pixels) */
/* LineSolid, LineOnOffDash, LineDoubleDash */
[* CapNotLast, CapButt, CapRound, CapProjecting */
/* JoinMiter JoinRound, 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 */

128



Xlib — C Library X11, Release 6.7 DRAFT

char dashes;
} X GCValues;

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_dfiset 0

dashes 4that is, the list [4, 4])

Note that foreground and background are not setywanes likely to be useful in a windo

The function attributes of a GC are used when you update a section wfbldréhe destina-
tion) with bits from somewhere else (the source). The function in a GC defingbdnoav des-
tination bits are to be computed from the source bits and the old destinatio@Xiepy is typ-
ically the most useful because it will work on a color dispbay 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 0x1 src AND dst
GXandReverse 0x2 src AND NO dst
GXcopy 0x3 src
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Function Name Value Operation
GXandInverted Ox4 (NOT src) AND dst
GXnoop 0x5 dst

GXxor 0x6 src XOR dst

GXor 0x7 src OR dst

GXnor 0x8 (NOT src) AND (NOT dst)
GXequiv 0x9 (NOT src) XOR dst
GXinvert Oxa NOT dst

GXorReverse Oxb src OR (NQ dst)
GXcopylnverted Oxc NOT src

GXorln verted Oxd (NOT src) OR dst
GXnand Oxe (NQT 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 hardwarey, 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 pits. Thais, a Boolean operation is performed in each bit plane. The
plane_mask restricts the operation to a subset of planesacro constanfllPlanes 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 tAglixad.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 tveonstraints on this algorithm.

1. If a line is drawn unclipped from [x1,y1] to [x2,y2] and if another line is drawn unclipped
from [x1+dx,y1l+dy] to [x2+dx,y2+dy], a point [x,y] is touched by drawing the first line if
and only if the point [x+dx,y+dy] is touched by drawing the second line.
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2. 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 mgmanufacturers’ line draw-

ing hardware, which may run matimes faster than the more precisely specified wide lines.

In general, drawing a thin line will be faster than drawing a wide line of width one. 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 Wwathe 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 kocorners are drawn for wide lines:

JoinMiter The outer edges of wlines extend to meet at an angle. Hogvgif the
angle is less than 11 degrees, theloiaBevel join-style is used instead.

JoinRound The corner is a circular arc with the diameter equal to the line-width,
centered on the joinpoint.

JoinBevel The corner ha€apButt endpoint styles with the triangular notch filled.

For a line with coincident endpoints (x1=x2, y1=y2), when the cap-style is applied to both end-
points, the semantics depends on the line-width and the cap-style:

CapNotLast thin The results are device dependent, but the desired effect is that
nothing is drawn.
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CapButt thin The results are device dependent, but the desired effect is that a
single pixel is drawn.

CapRound thin The results are the same as@apButt/thin.

CapProjecting thin The results are the same as@apButt/thin.

CapButt wide Nothing is drawn.

CapRound wide The closed path is a circle, centered at the endpoint, and with the
diameter equal to the line-width.

CapProjecting wide The closed path is a square, aligned with the coordinate axes,
centered at the endpoint, and with the sides equal to the line-
width.

For a line with coincident endpoints (x1=x2, y1=y2), when the join-style is applied at one or both
endpoints, the effect is as if the line was 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 thewdaale for use in a graphics operation,
the upper-left corner of some instance of the tile/stipple is at the coordinates withinibalera
specified by the tile/stipple origin. The tile/stipple and clip origins are interpretedediathe
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 Y& the same root as the GC, oBadMatch error results.For stipple
operations where the fill-style FlIStippled 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 othgrsizanpixmap can be used for tiling or
stippling.

The fill-style defines the contents of the source for line, text, and fill requrestall 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 foregroweahe
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 forven dashes
FillOpaqueStippled Same as forwen dashes

132



Xlib — C Library X11, Release 6.7 DRAFT

FillStippled Background masked by stipple

Storing a pixmap in a GC might or might not result in aydmging 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 nmuch as possible with the same GC (without
changing its components). The costs of changing GC componentgr@asing 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 destinatiomaide. If the clip-mask is set to a pixmap, it

must hae depth one and lva 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
can be set by calling théSetClipRectanglesor XSetRegionfunctions. Onlypixels where the
clip-mask has a bit set to 1 arewira Pixels are not drawn outside the aregered 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 alblle InputOut-

put children. Fr Includelnferiors , neither source nor destination wivd@s dipped by inferi-

ors. Thiswill result in including subwindw contents in the source and drawing through subwin-
dow boundaries of the destination. The usdrafludelnferiors on a windev 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 pathengin XFillPolygon requests and

can be set tevenOddRule or WindingRule. For EvenOddRule, a pint is inside if an infinite

ray with the point as origin crosses the path an odd number of tFoe$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 poiicounterclockwise 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 andWindingRule, 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).
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To aeate a n@ 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 dreable.

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 specifiediolea Usewith
other dravables results in 8adMatch error.

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, valuemaskdesy)
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 inclusiOR 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 generat8adAlloc, BadGC, and BadMatch errors.

To change the components in &g GC, useXChangeGC.
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XChangeGCdisplay, gc, valuemaskvalueg
Display *display;,
GCgc;
unsigned longaluemask
XGCValues *alues

display Specifies the connection to the X server.
gc Specifies the GC.

valuemask  Specifies which components in the GC are to be changed using information in the
specified values structure. This argument is the bitwise 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 aiy previous XSetClipRectanglesrequest on

the cont&t. Changinghe dash-offset or dash-list@rides aly 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 nvaybhan altered.

XChangeGC can generatBadAlloc, BadFont, BadGC, BadMatch, BadPixmap, and Bad-
Value errors.

To dbtain components of avgin GC, useXGetGCValues.

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
argument. Thisargument is the bitwise inclva OR of zero or more of the valid
GC component mask bits.

values_return Returns the GC values in the specifif¢@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 bya@€lipMask and GCDashList
bits, respectiely, in the valuemask) cannot be requested. Also note thavaidinesource ID

(with one or more of the three most significant bits set to 1) will be return&dBont,

GCTile, and GCStipple if the component has wer been explicitly set by the client.
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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 Qc)
GCggc;

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, hewit may be necessary for the client to explic-

itly force sending the changes to the sen/em example might be when a protocol extension uses
the GC indirectlyin such a way that the extension interface cannotkwbat GC will be used.

To force sending GC component changes, XBkishGC.

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 discusseswido 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
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7.2.1. Settingthe Foreground, Background, Function, or Plane Mask

To st 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.

XSetForground @isplay, gc, foreground)
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 et the background of avgn GC, useXSetBackground.

XSetBackgrounddisplay, gc, background

Display *display;,

GCgc;

unsigned londpackground
display Specifies the connection to the X server.
gc Specifies the GC.

background  Specifies the background you want to set for the specified GC.

XSetBackground can generat®adAlloc andBadGC errors.
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To st the display function in awgn GC, useXSetFunction.

XSetFunctionglisplay, 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.

7.2.2. Settingthe Line Attributes and Dashes
To <t the line drawing components of &ai GC, useXSetLineAttributes .
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XSetLineAttritutes @isplay, 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 specifietV@siC.
can pas<apNotLast, CapButt, CapRound, or CapProjecting.
join_style Specifies the line join-style you want to set for the specified @D.can pass

JoinMiter , JoinRound, or JoinBevel.
XSetLineAttributes can generat8adAlloc, BadGC, and BadValue errors.
To =t the dash-offset and dash-list for dashed line styles oa GC, useXSetDashes

XSetDasheddisplay, gc, dash_offsetdash_list n)
Display *display;
GCgc;
int dash_offset
chardash_lisf];

intn;

display Specifies the connection to the X server.

gc Specifies the GC.

dash_offset Specifies the phase of the pattern for the dashed line-style you want to set for the
specified GC.

dash_list Specifies the dash-list for the dashed line-style you want to set for the specified
GC.

n Specifies the number of elements in dash_list.

The XSetDashedunction sets the dash-offset and dash-list attributes for dashed line styles in the
specified GC. There must be at least one element in the specified dash_IBadMatue error

results. 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 equialent to specifying the same list concatenated with itself to producesadength list.

The dash-offset defines the phase of the pattern, specifyingiany 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, ddhally

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 st the fill-style of a gien GC, useXSetFillStyle.

XSetFillStyle display, gc, fill_style)

Display *display,

GCgc;

int fill_style;
display Specifies the connection to the X server.
gc Specifies the GC.

fill_style Specifies the fill-style you want to set for the specified @@ can pasd-ill-
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 want to set for the specified Qu can pasEven-
OddRule or WindingRule.

XSetFillRule can generat®adAlloc, BadGC, and BadValue errors.

7.2.4. Settingthe Fill Tile and Stipple

Some displays & hardware support for tiling or stippling with patterns of specific sizéng

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_screepwidth, height width_return height_return)
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 interested/ou can passlileShape Cursor-
Shape or StippleShape

which_screen Specifies apdrawable on the screen.

width
height Specify the width and height.

width_return
height_return Return the width and height of the object best supported by the display hardware.

The XQueryBestSizefunction returns the best or closest size to the specified 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 stippledastest. Br CursorShape, the dravable indicates the desired scredvor Tile-
Shapeand StippleShape the dravable indicates the screen and possibly the windass and

depth. AninputOnly window cannot be used as the dwble 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 vidth_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 display hardware.

The XQueryBestTile function returns the best or closest size, that is, the size that can be tiled
fastest on the screen specified by which_screen. Thellindicates the screen and possibly
the windav class and depth. If amputOnly window is used as the dveable, aBadMatch

error results.

XQueryBestTile can generatBadDrawable and BadMatch errors.

To dbtain the best stipple shape, u§BueryBestStipple.
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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 apdrawable on the screen.
width

height Specify the width and height.

width_return
height_return Return the width and height of the object best supported by the display hardware.

The XQueryBestStipple function returns the best or closest size, that is, the size that can be stip-
pled fastest on the screen specified by which_screen. Tieldeandicates the screen and pos-
sibly the windav class and depth. If alnputOnly 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,
GCggc;
Pixmaptile;
display Specifies the connection to the X server.
gc Specifies the GC.
tile Specifies the fill tile you want to set for the specified GC.

The tile and GC must 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 flisplay, gc, stipple)
Display *display,
GCggc;
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 ha a apth of one, or 8adMatch error results.
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XSetStipple can generat®adAlloc, BadGC, BadMatch, and BadPixmap errors.
To st the tile or stipple origin of aygn GC, useXSetTSOrigin.

XSetTSOrigin ¢flisplay, 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 pasentin will be interpreted relate
to whaterer destination drevable is specified in the graphics request.

XSetTSOrigin can generat®adAlloc andBadGC errors.

7.2.5. Settingthe Current Font
To st the current font of agn GC, useXSetFont.

XSetFont (display, gc, font)

Display *display,

GCggc;

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 st the clip-origin of a gien GC, useXSetClipOrigin .
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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 reiaio the origin of whateer destination dravable is spec-
ified in the graphics request.

XSetClipOrigin can generat®adAlloc andBadGC errors.
To st the clip-mask of a gén GC to he specified pixmap, us€SetClipMask.

XSetClipMask @isplay, gc, pixmap)
Display *display,
GCggc;
Pixmappixmap
display Specifies the connection to the X server.
gc Specifies the GC.
pixmap Specifies the pixmap ddone.

If the clip-mask is set tdlone, the pixels are alays drawn (rgardless of the clip-origin).
XSetClipMask can generatBadAlloc, BadGC, BadMatch, and BadPixmap errors.

To st the clip-mask of a gén GC to he specified list of rectangles, us&etClipRectangles
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XSetClipRectanglesdisplay, gc, clip_x_origin, clip_y_origin, rectangles n, ordering)
Display *display;,
GCgc;
int clip_x_origin, clip_y_origin;
XRectanglerectangle§] ;
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 rectangfes. can pasdJnsorted,
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 relate o the origin of whateer destination dravable is spec-

ified in a graphics request. The rectangle coordinates are interpretearieltte 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. Thignay provide faster operation by the sendéian 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 ol¢giSorted additionally
constrainsy Sorted order in that all rectangles with an equal Y origin are nondecreasing in their
X origin. YXBanded additionally constrainy XSorted by requiring that, forwery 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 arithmétic.information about
these functions, see section 16.5.

7.2.7. Settingthe Arc Mode, Subwindav Mode, and Graphics Exposure
To st the arc mode of aygin GC, useXSetArcMode.
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XSetArcMode @lisplay, gc, arc_mode

Display *display;

GCgc;

intarc_mode
display Specifies the connection to the X server.
gc Specifies the GC.

arc_mode Specifies the arc modé&lou can passArcChord or ArcPieSlice.
XSetArcMode can generat®adAlloc, BadGC, and BadValue errors.
To st the subwindw mode of a gien GC, useXSetSubwindowMode

XSetSubwindwMode (display, gc, subwindow_mode
Display *display,
GCggc;
int subwindow_mode
display Specifies the connection to the X server.
gc Specifies the GC.

subwindow_mode
Specifies the subwindomode. You can pas€lipByChildren or Includelnfe-
riors .

XSetSubwindowModecan generat8adAlloc, BadGC, and BadValue errors.
To st the graphics-exposures flag of @egiGC, useXSetGraphicsExposures

XSetGraphicsExposuregiéplay, gc, graphics_exposurgs

Display *display,

GCgc;

Bool graphics_exposures
display Specifies the connection to the X server.
gc Specifies the GC.
graphics_exposures

Specifies a Boolean value that indicates whether you GeaythicsExposeand

NoExposeeveants to be reported when callinggCopyArea and XCopyPlane
with this GC.

XSetGraphicsExposurescan generat®adAlloc, BadGC, and BadValue errors.
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Chapter 8

Graphics Functions

Once you hee established a connection to a dispkgu 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 dnaiable and GC is used for each call, Xlib batches back-to-back caflBitaw-
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 shoukHileect-
angle, which sets the pixmap to a known value.

To dear a rectangular area of a@i window, use XClearArea.

XClearAreaf(isplay, w, X, y, width, height, exoosure3
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 redab the origin of the window
and specify the upper-left corner of the rectangle.

width

height Specify the width and height, which are the dimensions of the rectangle.

exposures Specifies a Boolean value that indicateBxposeevents are to be generated.

The XClearArea function paints a rectangular area in the specified wirabcording to the
specified dimensions with the windaackground 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 wimdious y If
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the windav has a defined background tile, the rectangle clipped Yylalren 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 awviindse

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 equialent 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 @copy function. Ifthe windav has back-
groundNone, the contents of the win@oare not changed. If you specify a windavhose class

is InputOnly , a BadMatch error results.

XClearWindow can generat8adMatch and BadWindow errors.

8.2. CopyingAreas
Xlib provides functions that you can use togap aea or a bit plane.

To copy an aea between dveables of the same root and depth, X<&opyArea.

148



Xlib — C Library X11, Release 6.7 DRAFT

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.

src_x

src_y Specify the x and y coordinates, which are redat) 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 redath 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 o been retained in backing store or if
regions outside the boundaries of the sourcevabig are specified, those regions are not copied.
Instead, the following occurs on all corresponding destination regions that are either visible or are
retained in backing store. If the destination is a 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). Regardless of tiling or whether the destination is a windw a gxmap,

if graphics-exposures i& ue, then GraphicsExposeevents for all corresponding destination

regions are generated. If graphics-exposurds i but no GraphicsExposeevents are gener-

ated, aNoExposeevent is generated. Note that by default graphics-exposurgsisin 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.
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XCopyPlane lisplay; 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 longlane;

display Specifies the connection to the X server.

src

dest Specify the source and destination rectangles to be combined.

gc Specifies the GC.

src_x

src_y Specify the x and y coordinates, which are re¢ath 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 redath the origin of the destination
rectangle and specify its upper-left corner.

plane Specifies the bit plane¥ou 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 notyeathe same depth. If the dvables do not hae 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 sourcayien. ltuses the foreground/background pixels in the GC (fore-
ground @erywhere the bit plane in src contains a bit set to 1, backgrouangndere the bit

plane in src contains a bit set to 0) and thewabprit 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.

This function uses these GC components: function, plane-mask, foreground, background, subwin-
dow-mode, graphics-exposures, clip-x-origin, clip-y-origin, and clip-mask.

XCopyPlane can generatB8adDrawable, BadGC, BadMatch, 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
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. 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, vy;

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 igezs. 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;,
Drawabled;
GCgc;
intx,y;
display Specifies the connection to the X server.
d Specifies the dreable.
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 display, d, gc, points, npoints modée

Display *display;
Drawabled;
GCgc;
XPoint *points;
int npoints
int mode
display Specifies the connection to the X server.
d Specifies the dreable.
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 reletiio 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
generatéBadDrawable, BadGC, BadMatch, and BadValue errors.

8.3.2. DrawingSingle and Multiple Lines

To draw a dngle line between tw points in a gren 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 dreable.
gc Specifies the GC.
x1
vyl
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;
GCggc;
XPoint *points,
int npoints
int mode
display Specifies the connection to the X server.
d Specifies the dreable.
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 avgh drawable, useXDrawSegments
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XDrawSeayments flisplay, d, gc, segmentsnsegments
Display *display;,
Drawabled;
GCgc;
XSegment $segments
int nsegments

display Specifies the connection to the X server.

d Specifies the dreable.

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 dilne between the
specified set of points (x1, y1) and (x2, y2). It does not perform joining at coincident endpoints.
For any given 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@boint 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 corrédsttyary 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 enfrdyLine protocol request were a single, filled shape.
CoordModeOrigin treats all coordinates as relagito the origin, andCoordModePrevious

treats all coordinates after the first as reéitn the previous point.

The XDrawSegmentsfunction draws multiple, unconnected lind=or 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 pxel more than once. If lines intersect, the
intersecting pixels are drawn multiple times.

All three functions use these GC components: function, plane-mask, line-width, line-style, cap-
style, fill-style, subwindow-mode, clip-x-origin, clip-y-origin, and clip-mask. KigrawLines
function also uses the join-style GC component. All three functions also use these GC mode-
dependent components: foreground, background, tile, stipple, tile-stipple-x-origin, tile-stipple-y-
origin, dash-offset, and dash-list.

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, height)

Display *display;,
Drawabled;
GCgc;
intx,y;
unsigned intvidth, height,
display Specifies the connection to the X server.
d Specifies the dreable.
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;
XRectanglerectangles];
int nrectangles

display Specifies the connection to the X server.
d Specifies the dreable.
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:

[x,y] [x+width,y] [x+width,y+height] [x,y+height] [X,y]

For the specified rectangle or rectangles, these functions do moagigel 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 generatB8adDrawable, BadGC, and Bad-
Match errors.
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8.3.4. DrawingSingle and Multiple Arcs

To draw a dngle arc in a gien drawable, useXDrawArc .

XDrawArc (display, d, gc, X, y, width, height, anglel, angle2
Display *display;,
Drawabled;
GCgc;
intx,y;
unsigned intvidth, height,
int anglel, angle2

display Specifies the connection to the X server.

d Specifies the dreable.

gc Specifies the GC.

X

y Specify the x and y coordinates, which are redath 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 nedati 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;
GCggc;
XArc *arcs,
int narcs,
display Specifies the connection to the X server.
d Specifies the dreable.
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, andaiee angles indicate clockwise
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motion. Ifthe magnitude of angle2 is greater than 360 degk@sawArc or XDrawArcs
truncates it to 360 degrees.

For an ac specified as %, y, width, height, anglel, angle?], the origin of the major and minor

: idth heigh o . - oo
axes is atf + WIZ Y+ e|2g ﬁ and the infinitely thin path describing the entire circle or
heigh heigh
ellipse intersects the horizontal axis aty + &g ﬁ and [x +width, y + °g and intersects
width width

the vertical axis at{+ , Y] and [x + 5 y +heighf. Thesecoordinates can be frac-

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 :
* +
heightlJ adjust

skewed-angle= atangan(normal—angle)

The slewed-angle and normal-angle are expressed in radians (rather than in degrees scaled by 64)
in the range [0, 2] and where atan returns a value in the rangg[ 7—27] and adjust is:

0 for normal-angle in the range [g,]

. m 3
T for normal-angle in the range-|, 7]
2 for normal-angle in the range—zz, 2]

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 intexé&etwArc and
XDrawArcs do not drav a pxel 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 amaleqgucounterclockwise extent,
except as it affects joins.

If the last point in one arc coincides with the first point in the following arc, therts will join
correctly If the first point in the first arc coincides with the last point in the last arc, thar¢e/
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. yrélso 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 andXDrawArcs can generatBadDrawable, BadGC, and BadMatch errors.
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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 aign drawable, useXFillRectangle.

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 dveable.
gc Specifies the GC.
X
y Specify the x and y coordinates, which are redath 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;
GCggc;
XRectangle tectangles
int nrectangles

display Specifies the connection to the X server.
d Specifies the dreable.
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:
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[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 arrégr 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.

8.4.2. Fillinga Sngle Polygon
To fill a polygon area in a gén drawable, useXFillPolygon.

XFillPolygon (display, d, gc, points, hpoints 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 dreable.
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 mepmerformance. 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 poXEillPolygon does not dna a pixel of

the region more than onc€&€oordModeOrigin treats all coordinates as relatio 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, specifyoryex can imprae
performance. lfou specifyConvex for a path that is not ceax, the graphics results are
undefined.
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. If shape isNoncorvex, the path does not self-intersect, but the shape is not wholexon
If known by the client, specifyin§loncorvex instead ofComplex may imprae 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 generat®adDrawable, BadGC, BadMatch, and BadValue errors.

8.4.3. Filling Single and Multiple Arcs
To fill a single arc in a gen drawable, useXFillArc .

XFillArc ( display, d, gc, X, Yy, width, height, anglel, angle2)
Display *display;,

Drawabled;
GCgc;
intx,y;

unsigned intvidth, height,
int anglel, angle2

display
d

gc

X

y

width

height
anglel

angle2

Specifies the connection to the X server.
Specifies the dreable.
Specifies the GC.

Specify the x and y coordinates, which are redath the origin of the dnaable
and specify the upper-left corner of the bounding rectangle.

Specify the width and height, which are the major and minor axes of the arc.

Specifies the start of the arc relatio the three-o’clock position from the center,
in units of degrees * 64.

Specifies the path and extent of the arc nedati the start of the arc, in units of
degrees * 64.

To fill multiple arcs in a gien drawable, useXFillArcs .
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XFillArcs (display, d, gc, arcs, narcs)

Display *display;,
Drawabled;
GCgc;
XArc *arcs,
int narcs,
display Specifies the connection to the X server.
d Specifies the dreable.
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, ondirer seg-
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 atrdpr 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. Thelso use these GC mode-dependent com-
ponents: foreground, background, tile, stipple, tile-stipple-x-origin, and tile-stipple-y-origin.

XFillArc and XFillArcs can generat®adDrawable, BadGC, and BadMatch errors.

8.5. Font Metrics

Afontis 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 discusseswiado:

. 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 whese a program requests awdont. Theserver can cache fonts for
quick lookup. Fonts are global across all screens in a serSeveal levels are possible when
dealing with fonts. Most applications simply uskoadQueryFont to load a font and query the
font metrics.

Characters in fonts arega&ded as masks. Except for image text requests, the only pixels modi-
fied are those in which bits are set to 1 in the charattés means that it makes sense to draw
text using stipples or tiles (for example, mamenus gray-out unusable entries).
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The XFontStruct structure contains all of the information for the font and consists of the font-
specific information as well as a pointer to an arra}(@harStruct structures for the characters
contained in the font. ThEFontStruct, XFontProp, 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 bytel,
unsigned char byte?2;
} X Char2b;

typedef struct {
XExtData *et_data;
Font fid;
unsigned direction;
unsigned min_char_or_byte2;
unsigned max_char_or_byte2;
unsigned min_bytel;
unsigned max_byte1;
Bool all_chars_xst;
unsigned defult_char;
int n_properties;
XFontProp *properties;
XCharStruct min_bounds;
XCharStruct max_bounds;
XCharStruct *per_char;
int ascent;
int descent;

} X FontStruct;

[* origin to left edge of raster */
[* origin to right edge of raster */
[* advance to next chaxrigin */
/* 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 */
[* last character */
[* first vothat exists */
* lastwathat exists */
[* flag if all characters & ronzero size */
[*char to print for undefined character */
/* he mary properties there are */
/* pointer to array of additional properties */
/* minimum boundgepall existing char */
/* maximum boundsrall existing char */
[* first_char to last_char information */
/* logical extent ake kaseline for spacing */
/* logical descent beldaseline for spacing */

X supports single byte/characténo 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 firstvrof a 2-byte 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 ¥entseénsow
defined, and the byte2 range specified in the structure defines a range of characters.
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The bounding box of a character is defined byXf#arStruct of that characterWhen charac-
ters are absent from a font, the default_char is used. When fertdlreharacters 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 eitlfantLeftToRight or FontRightTolLeft . Itis just a
hint as to whether mo3tCharStruct 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 paraly
max_char_or_byte2 specifies the linear charactexiofithe 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 charactegsinde
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 byte2 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.Ibearing, y — max_bounds.ascent]

Its width is:

max_bounds.rbearing — min_bounds.lbearing

Its height is:

max_bounds.ascent + max_bounds.descent

. The ascent member is the logical extent of the fontali® baseline that is used for deter-
mining line spacing. Specific characters may extend beyond this.
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. The descent member is the logical extent of the font at owlibobaseline that is used for
determining line spacing. Specific characters may extend beyond this.

. If the baseline is at Y-coordinatgtlge 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 isegi 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 B¥CharStruct components is a rectangle
with its upper-left corner at:

[x + Ibearing, y — ascent]
Its width is:
rbearing — Ibearing
Its height is:
ascent + descent
The origin for the next character is defined to be:
[X + width, y]

The lbearing member defines the extent of the left edge of the character ink from the origin. The
rbearing member defines the extent of the right edge of the character ink from the origin. The
ascent member defines the extent of the top edge of the character ink from the origin. The
descent member defines the extent of the bottom edge of the character ink from the origin. The
width member defines the logical width of the character.

Note that the baseline (the y position of the character origin) is logically viewed as being the
scanline just 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 charactévhen lbearing is zero, no pixels with X-coordinate less than x are
dravn. Any of the XCharStruct metric members could be gntive. 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{@haStruct
structure. Anonexistent character is represented with all members ¥Ok&arStruct set to
zero.

A font is not guaranteed toveany poperties. Thénterpretation of the property value (for
example, long or unsigned long) must be detifrom 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.

To load a gen font, useXLoadFont.
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Font XLoadFont (display, name
Display *display;,
char hame

display Specifies the connection to the X server.
name Specifies the name of the font, which is a null-terminated string.

The XLoadFont function loads the specified font and returns its associated font ID. If the font
name is not in the Host Portable Character Encoding, the result is implementation-dependent.
Use of uppercase or lowercase does not mattren the characters “2nd “*' ' are used in a

font name, a pattern match is performed andnaatching 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 staXdangical

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, cAlUnloadFont.

XLoadFont can generatBadAlloc and BadNameerrors.
To return information about arvailable font, useXQueryFont.

XFontStruct *XQueryBnt (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 the5Context ID, and you need to be careful when
using this ID in other functions (se&ContextFromGC). If the font does not exisKQuery-
Font returns NULL. To free this data, uskFreeFontinfo.

To perform aXLoadFont and XQueryFont in a single operation, us€_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. Ithe 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.
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To unload the font and free the storage used by the font structure that was allocAt@dery-
Font 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&XFontStruct 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 returng-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 wnload 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.
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8.5.2. Obtainingand Freeing Font Names and Information

You obtain font names and information by matching a wildcard specification when querying a
font type for a list of @ailable sizes and so on.

To return a list of theailable font names, us¥ListFonts.

char **XListFonts {display, pattern, maxnamesactual_count_returi
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 pattgunaent. The

pattern string can containyaoharacters, but each asterisk (*) is a wildcard fgrraimber of

characters, and each question mark (?) is a wildcard for a single chalfatterpattern string is

not in the Host Portable Character Encoding, the result is implementation-dependent. Use of
uppercase or lowercase does not matich returned string is null-terminated. If the data

returned by the server is in the Latin Portable Character Encoding, then the returned strings are in
the Host Portable Character Encoding. Otherwise, the result is implementation-dependent. If
there are no matching font named,istFonts returns NULL. The client should callFree-
FontNameswhen finished with the result to free the memory.

To free a font name arrayse XFreeFontNames

XFreeFontNamesl|ist)
char #ist[];

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 .
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char **XListFontsWithinfo (display, pattern maxnamescount_returninfo_return)
Display *display;,
char *pattern;
int maxnames
int *count_return
XFontStruct *info_return;

display Specifies the connection to the X server.

pattern Specifies the null-terminated pattern string that can contain wildcard characters.
maxnames  Specifies the maximum number of names to be returned.

count_return Returns the actual number of matched font names.

info_return Returns the font information.

The XListFontsWithinfo function returns a list of font names that match the specified pattern

and their associated font information. The list of names is limited to size specified by maxnames.
The information returned for each font is identical to wkhbadQueryFont would return

except that the per-character metrics are not returned. The pattern string can contharaa:

ters, but each asterisk (*) is a wildcard foy anmber 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 Kares,
FontsWithinfo returns NULL.

To free only the allocated name arrthe client should calKFreeFontNames To free both the
name array and the font information array or to free just the font information taegajient
should callXFreeFontInfo.

To free font structures and font names, ¥§eeeFontInfo.

XFreeFontinfofamesfree_infq actual_coun}
char *names
XFontStruct free_infq
int actual_count

names Specifies the list of font names.
free_info Specifies the font information.

actual_count Specifies the actual number of font names.

The XFreeFontIinfo function frees a font structure or an array of font structures and optionally

an array of font names. If NULL is passed for names, no font names are freed. If a font structure
for an open font (returned byLoadQueryFont) is passed, the structure is freed, but the font is

not closed; usXUnloadFont to close the font.
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8.5.3. 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 .

int XTextWidth16 (font_struct string, count)

XFontStruct font_struct

XCharz2b *string;

int count
font_struct Specifies the font used for the width computation.
string Specifies the character string.

count Specifies the character count in the specified string.

8.5.4. ComputingLogical Extents
To compute the bounding box of an 8-bit character string inendont, useXTextExtents.
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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 dwerall_return;

font_struct  Specifies theXFontStruct structure.
string Specifies the character string.
nchars Specifies the number of characters in the character string.

direction_return
Returns the value of the direction hifoftLeftToRight or FontRightToLeft ).

font_ascent_return
Returns the font ascent.

font_descent_return
Returns the font descent.

owerall_return Returns the eerall size in the specifiedCharStruct structure.

To compute the bounding box of a 2-byte character string imen font, useXTextExtents16.

XTextExtents16font_struct string, nchars direction_return font_ascent_return
font_descent_returroverall_return)
XFontStruct font_struct
XChar2b *string;
int nchars
int *direction_return
int *font_ascent_returrrfont_descent_return
XCharStruct dwverall_return;

font_struct Specifies thexFontStruct structure.
string Specifies the character string.
nchars Specifies the number of characters in the character string.

direction_return
Returns the value of the direction hiffohtLeftToRight or FontRightTolLeft ).

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,
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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 stfmgach 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, ¥@tiar2b 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 ire@afgnt, useXQuery-
TextExtents.

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 dverall_return;

display Specifies the connection to the X server.

font_ID Specifies either the font ID or tli&Context ID that contains the font.
string Specifies the character string.

nchars Specifies the number of characters in the character string.

direction_return
Returns the value of the direction hifoftLeftToRight or FontRightToLeft ).

font_ascent_return
Returns the font ascent.

font_descent_return
Returns the font descent.

owerall_return Returns the eerall size in the specifiedCharStruct structure.

To query the server for the bounding box of a 2-byte character string verafgnt, use
XQueryTextExtents16.
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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 dwerall_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_return
Returns the value of the direction hifohtLeftToRight or FontRightTolLeft ).

font_ascent_return
Returns the font ascent.

font_descent_return
Returns the font descent.

overall_return Returns the erall 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 roundethipaal that is
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 st&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, X&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 discusseswdo draw:
. Complex text

. Text characters
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. Image text characters
The fundamental text functionéDrawText and XDrawText16 use the following structures:

typedef struct {

char *chars; [* pointer to string */

int nchars; /* number of characters */

int delta; /* delta between strings */

Font font; /* Font to print it in, None dohthange */
} X Textitem;
typedef struct {

XCharz2b *chars; [* pointer to two-byte characters */

int nchars; /* number of characters */

int delta; /* delta between strings */

Font font; /* font to print it in, None doh’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 mayxden 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 drawKDsawlmageString. 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.

8.6.1. DrawingComplex Text

To draw 8-bit characters in a gén drawable, useXDrawText .
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XDrawText(display, d, gc, X, y, items nitemg

Display *display;,
Drawabled;
GCgc;
intx,y;
XTextltem *items
int nitems
display Specifies the connection to the X server.
d Specifies the dveable.
gc Specifies the GC.
X
y Specify the x and y coordinates, which are redath the origin of the specified
drawvable 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\gin drawable, useXDrawText16.

XDrawText16 (display, d, gc, X, y, items nitemg

Display *display;
Drawabled;
GCggc;
intx,y;
XTextltem16 *tems
int nitems
display Specifies the connection to the X server.
d Specifies the dreable.
gc Specifies the GC.
X
y Specify the x and y coordinates, which are re¢ath the origin of the specified
drawable and define the origin of the first character.
items Specifies an array of text items.
nitems Specifies the number of text items in the array.

The XDrawText16 function is similar toXDrawText except that it uses 2-byte or 16-bit charac-
ters. Bothfunctions allev complex spacing and font shifts between counted strings.

Each text item is processed in turh font member other thaNone in an item causes the font to

be stored in the GC and used for subsequ&nt fetext element delta specifies an additional
change in the position along the x axis before the stringwendrdhedelta 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 eBadFont error, the previous text items may\Jebeen drawn.
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For fonts defined with linear indexing rather than 2-byte matrix indexing, ¥@tlar2b 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. Thelso 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 dreable.
gc Specifies the GC.
X
y Specify the x and y coordinates, which are redath the origin of the specified
drawvable 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 awgn drawable, useXDrawString16.
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XDrawString16 @isplay, d, gc, X, v, string, length)

Display *display;,
Drawabled;
GCgc;
intx,y;
XChar2b *string;
int length;
display Specifies the connection to the X server.
d Specifies the dreable.
gc Specifies the GC.
X
y Specify the x and y coordinates, which are redath 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 dvaeble. Thedrawable is modified only where the font character has a bit set to
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. Thaso 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. Nastprannoying flicker on
mary displays.

To draw 8-bit image text characters in avgn drawable, useXDrawlmageString .
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XDrawlmageStringdisplay, d, gc, X, y, string, length)

Display *display;
Drawabled;
GCgc;
intx,y;
char *string;
int length;
display Specifies the connection to the X server.
d Specifies the dveable.
gc Specifies the GC.
X
y Specify the x and y coordinates, which are redath 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 &ei drawable, useXDrawlmageString16.

XDrawlmageStringl6display, d, gc, X, y, string, length)

Display *display;
Drawabled;
GCggc;
intx,y;
XChar2b *string;
int length;
display Specifies the connection to the X server.
d Specifies the dreable.
gc Specifies the GC.
X
y Specify the x and y coordinates, which are re¢ath the origin of the specified
drawable and define the origin of the first character.
string Specifies the character string.
length Specifies the number of characters in the string argument.

The XDrawlmageString16 function is similar toXDrawlmageString except that it uses 2-byte
or 16-bit characters. Both functions also use both the foreground and background pixels of the
GC in the destination.

The effect is first to fill a destination rectangle with the background pixel defined in the GC and
then to paint the text with the foregroundegdix Theupper-left corner of the filled rectangle is at:

[X, y — font-ascent]

The width is:
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overall-width
The height is:
font-ascent + font-descent

The overall-width, font-ascent, and font-descent are as would be returng@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 WibbrawlmageString, 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 dileeetye, some
implementations of the Xlib library may efficiently deal with frequently used data formats by
replacing functions in the procedure vector with special case functions. Supported operations
include destroying the image, getting a pixel, storing a pixel, extracting a subimage of an image,
and adding a constant to an image (see section 16.8).

All the image manipulation functions discussed in this sectiorerosk of theXimage structure,
which describes an image as it exists in the cBengmory.

178



Xlib — C Library X11, Release 6.7 DRAFT

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_pixel; [* bits per pixel (ZPixmap) */

unsigned long red_mask; [* bits in z arrangement */

unsigned long green_mask;
unsigned long blue_mask;
XPointer obdata; * hook for the object routines to hang on */
struct funcs { /* image manipulation routines */
struct _XImage *(*create_image)();
int (*destroy_image)();
unsigned long (*get_pixel)();
int (*put_pixel();
struct _Xlmage *(*sub_image)();
int (*add_pixel)();
H;
} XImage;

To initialize the image manipulation routines of an image structureXums#mage .

Status XlnitimageiMage)
XIimage image;

xXimage 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 forwaimage 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 inconsistgtiit the structure, in which case the image is not changed.

To combine an image with a rectangle of avetiale on the displayuse XPutimage.
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XPutlmage @lisplay, d, gc, image, src_x src_y, dest_x dest_y width, heighi)
Display *display;
Drawabled;
GCgc;
XIlmage image;
int src_x src_y,
int dest_x dest_y
unsigned intwvidth, height,

display Specifies the connection to the X server.

d Specifies the dreable.

gc Specifies the GC.

image Specifies the image you want combined with the rectangle.

Src_x Specifies the offset in X from the left edge of the image defined bylthage
structure.

src_y Specifies the offset in Y from the top edge of the image defined b¥ithage
structure.

dest_x

dest_y Specify the x and y coordinates, which are redath the origin of the dnaable
and are the coordinates of the subimage.

width

height Specify the width and height of the subimage, which define the dimensions of the

rectangle.

The XPutlmage function combines an image with a rectangle of the specifietbldie The

section of the image defined by the src_x, srwigth, 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 zeredidYPixmap and
ZPixmap, the depth of the image must match the depth of theatita, or aBadMatch error

results.

If the characteristics of the image (for example, byte_order and bitmap_unit) differ from what the
server requires{Putlmage 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\zegidrawable on the displayse XGetlmage. This
function specifically supports rudimentary screen dumps.
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Xlmage *XGetlmagedisplay, d, x, y, width, height plane_maskformat)
Display *display;
Drawabled;
intx,y;
unsigned intvidth, height
unsigned longlane_mask

int format;
display Specifies the connection to the X server.
d Specifies the dreable.
X
y Specify the x and y coordinates, which are regath 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.

The XGetlmage function returns a pointer to aimage structure. Thistructure provides you
with the contents of the specified rectangle of thevevie in the format you specifyif the for-

mat argument iXYPixmap, the image contains only the bit planes you passed to the
plane_mask grument. 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, XGetimage 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 isvgn 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 deeable is a windw, the windav must be vigvable, and it must

be the case that if there were no inferiors\arlapping 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 winda 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 wsdepth 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 oopy the contents of a rectangle on the display to a location within a preexisting image struc-
ture, useXGetSublmage.
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Xlmage *XGetSublmagedisplay, d, X, y, width, height, plane_maskformat, dest_image, dest_x
dest y
Display *display;,
Drawabled;
intx,y;
unsigned intvidth, height,
unsigned longplane_mask
int format;
XImage *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 redath 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 redath the origin of the destination

rectangle, specify its upper-left cornand 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_masfiuament. 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 sar¥émage structure specified by

dest_image.

The depth of the destinatiofimage structure must be the same as that of thevabrke. 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 dreeble is a windw, the window
must be vieable, and it must be the case that if there were no inferiorgedapping windows,

the specified rectangle of the windavould be fully visible on the screen and wholly contained
within the outside edges of the windaor a BadMatch error results. If the winde has back-
ing-store, then the backing-store contents are returned for regions of thentladare obscured

by noninferior windavs. If the windav does not hae 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.
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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 exchebi 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;
Windowparent;
intx,y;

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

X
y Specify the x and y coordinates of the position in the perent windev.

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 winslds 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 orresponding 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.
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The X server performs normal exposure processing on formerly obscuredwsindibeX server
might not generat&xposeevents for regions from the initidlnmapWindow request that are
immediately obscured by the finlslapWindow request. ABadMatch error results if:

. The naev parent windev is not on the same screen as the old parent windo
. The nev parent windw is the specified winde or an nferior of the specified winao
. The nev parent islnputOnly , and the windav is not.

. The specified winde has aParentRelative background, and the weparent winda is not
the same depth as the specified wirdo

XReparentWindow can generat®adMatch 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. ér further information about close-connection processing, see sectioho2afow

an applicatiors window to survive when a windw manager that has reparented a wimdails,

Xlib provides the s#-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 applicationindow. When

the frame is destroyed, the applicatonindow should not be destroyed but be returned to its
previous place in the wingohierarcty.

The X server automatically remes windows from the sge-set when thgare destroyed.
To add or remoe a wndow from the client saveset, useXChangeSaeSet.

XChangeSeeSet display, w, change_modg
Display *display;,
Windoww;
int change_modg
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 clien saveset. Thespecified windw must hae been created by some other
client, or aBadMatch error results.

XChangeSaeSet can generatBadMatch, BadValue, and BadWindow errors.

To add a windav to the clients saveset, useXAddToSaveSet.
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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 wingdao 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 client saveset, useXRemoveFromSaveSet.

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 clientaveset.

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. Managinginstalled Colormaps

The X server maintains a list of installed colormayéndows 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 ary 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 follaws. Whema olormap is specified tXInstallColormap , it is added to the head of

the list; the list is truncated at the tail, if necessarikeep its length to at most M. When a col-
ormap is specified tXUninstallColormap and it is in the required list, it is rewm from the

list. A colormap is not added to the required list when it is implicitly installed by the X server,
and the X server cannot implicitly uninstall a colormap that is in the required list.

To install a colormap, us¥InstallColormap .
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XlnstallColormap (lisplay, colormap
Display *display;,
Colormapcolormap

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

The XlnstallColormap function installs the specified colormap for its associated screen. All
windows associated with this colormap immediately display with true cofans associated the
windows with this colormap when you created them by caM@geateWindow, XCreateSim-
pleWindow, XChangeWindowAttributes, or XSetWindowColormap.

If the specified colormap is not already an installed colormap, the X server gendtates a
ormapNotify event on each windw that has that colormap. In addition, famery other col-
ormap that is installed as a result of a calKtnstallColormap , the X server generatesGol-
ormapNotify event on each windwe that has that colormap.

XlnstallColormap can generate BadColor error.
To wninstall a colormap, uskUninstallColormap .

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 genei@tdsrenapNotify event

on each winde that has that colormap. In addition, fmesy other colormap that is installed or
uninstalled as a result of a callXdninstallColormap , the X server generatesGolormapNo-
tify event on each windw that has that colormap.

XUninstallColormap can generate BadColor error.

To dbtain a list of the currently installed colormaps foraegiscreen, useXListinstalledCol-
ormaps.
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Colormap *XListInstalledColormapsl{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 BadwWindow 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 st the font search path, u¥&etFontPath.

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 typically ytepecify 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. Hoveg when the font path is changed, the X server is guaran-
teed to flush all cached information about fonts for which there currently are no explicit resource
IDs allocated. The meaning of an error from this request is implementation-dependent.

XSetFontPath can generate BadValue error.

To get the current font search path, x@8etFontPath.
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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.

XFreeFontRth (ist)
char **list;

list Specifies the array of strings you want to free.

The XFreeFontPath function frees the data allocated K¢etFontPath.

9.5. Grahbing the Sewer

Xlib provides functions that you can use to grab and ungrab the.s&hese 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.

To gab the serveuse 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 requestad on. You should not grab the X servelyanore than is
absolutely necessary.

To ungrab the serveuse XUngrabServer .
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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 a@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
destryed. To destrgy a dient, useXKillClient .

XKillClient( display, resourcée
Display *display;
XID resource

display Specifies the connection to the X server.
resource Specifies apresource associated with the client that you want to destrAll-
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 &tiainPermanentor Retain-
Temporary mode, all of the clien$’ resources are desyed. If AllTemporary is specified, the
resources of all clients thatveatrminated inRetainTemporary are destroyed (see section 2.5).
This permits implementation of windomanager facilities that aid de@ging. Aclient can set

its close-down mode tRetainTemporary. If the client then crashes, its windows would not be
destroyed. Theprogrammer can then inspect the applicaianhdow tree and use the window
manager to destyahe 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
actiate the screen ser, or to obtain the current screenveavalues.

To st the screen ser mode, useXSetScreenSeaer .
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XSetScreenSay (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 a@terations.

prefer_blanking
Specifies hw to enable screen blankingfou can pasontPreferBlanking,
PreferBlanking, or DefaultBlanking .

allow_exposures
Specifies the screenveamntrol values. Yu can pas®ontAllowExposures,
AllowExposures, or DefaultExposures

Timeout and interval are specified in secorisimeout of O disables the screewegbut an

activated screen sa&r is not deactrated), and a timeout of —1 restores theadéif Othemegative

values generate BadValue error If the timeout value is nonzer¥SetScreenSaer enables the
screen sa&r. 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 sar is enabled, the screenva 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 saer is deactvated, and all screen states are restored

at the next kyboard or pointer input or at the next callXBorceScreenSaer with mode
ScreenSaerReset

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 periodicalijiling the screen with the

root windav background tile, randomly re-origined periodically.

XSetScreenSeer 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 appli®du can passScreenSaerActi ve or
ScreenS#&erReset

If the specified mode iScreenSaerActi ve and the screen gar currently is deactiated,
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XForceScreenSaer actvates the screenwa even if the screen sar had been disabled with a
timeout of zero. If the specified modeSsreenSaerResetand the screenga currently is
enabled XForceScreenSaer deactvates the screen e if it w as actvated, and the actition
timer is reset to its initial state (as if device input had beenveshei

XForceScreenSger can generate BadValue error.
To activate the screen sar, use XActi vateScreenSaer .

XActivateScreenSaer (display)
Display *display;,

display Specifies the connection to the X server.

To reset the screens, 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_retutn

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 screevesavocations.

prefer_blanking_return
Returns the current screen blanking prefereBmn{PreferBlanking,
PreferBlanking, or DefaultBlanking).

allow_exposures_return
Returns the current screervsaontrol value DontAllowExposures, AllowEx-
posures or DefaultExposures).

9.8. Controlling Host Access
This section discusseswao:
. Add, get, or remee losts from the access control list
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. 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 o provide some minimal el 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 sersehdséle/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.

. On POSIX-conformant systems, each host listed in/éie/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 vautdragranted 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 verhasts from the access control list.
All the host access control functions use Xt¢ostAddress 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&amilylnternet , Familylnternet6 , FamilyDECnet, 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 ardrer IP version 4 addresses, the family
should be Familylnternet and the length should be 4 byreaslP 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.

To add a single host, us€AddHost.

193



Xlib — C Library X11, Release 6.7 DRAFT

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 diglay
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, usk&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 dishky
server must be on the same host as the client issuing the commamBhd#aesserror results.

XAddHosts can generatBadAccessand BadValue errors.
To obtain a host list, us¥ListHosts.

XHostAddress *XListHosts{isplay, nhosts_returnstate returr)
Display *display;
int *nhosts_return
Bool *state_return
display Specifies the connection to the X server.
nhosts_return Returns the number of hosts currently in the access control list.

state_return Returns the state of the access control.

The XListHosts function returns the current access control list as well as whether the use of the
list at connection setup was enabled or disabkdstHosts allows a program to find out what
machines can makoonnections. lalso 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&atteg

To remove a éngle host, useXRemoveHost.
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XRemoveHost (display, hosf)

Display *display;

XHostAddress host
display Specifies the connection to the X server.
host Specifies the host that is to be resmoh

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 proce®adAacesserror results. If
you remee your machine from the access list, you can no longer connect to that aedvis
operation cannot beversed unless you reset the server.

XRemoveHost can generatBadAccessand BadValue errors.
To remove multiple hosts at one time, udRemaoveHosts.

XRemoveHosts 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 readb

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 successfullyhe client application must reside on the same host as

the X server and/or kia kbeen gven permission in the initial authorization at connection setup.

To change access control, us&etAccessControl

XSetAccessControtisplay, mode

Display *display;,
int mode
display Specifies the connection to the X server.
mode Specifies the modeYou can pas€nableAccessor DisableAccess

The XSetAccessControlfunction either enables or disables the use of the access control list at
each connection setup.
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XSetAccessControlcan generat®adAccessand BadValue errors.
To enable access control, u¥&nableAccessControl

XEnableAccessContrati{splay)
Display *display;,
display Specifies the connection to the X server.

The XEnableAccessControlfunction enables the use of the access control list at each connec-
tion setup.

XEnableAccessControlcan generate BadAccesserror.
To 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 generatnts, and the usexrtyping or moving the
pointer can generateents asynchronouslyThe X server returnsvents to the client on the same
connection.

This chapter discusses the following topics associated wtitse
. 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-relaatsgropagate from the

source windw to ancestor windows until some client application has selectedvéatt type or

until the event is explicitly discarded. The X server generally sendsvant¢o a client applica-

tion only if the client has specifically asked to be informed of taiteype, typically by setting

the event-mask attribute of the wingdo 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 windtributes. Haov-

eve, MappingNotify events are aliays sent to all clients.

An event type describes a specificeat generated by the X servdfor each eent type, a corre-
sponding constant name is defined ¥iL4/X.h>, which is used when referring to areet type.
The following table lists thevent category and its associateab 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
Windaw crossing gents EnterNotify , LeaveNotify

Input focus gents FocuslIn, FocusOut

Keymap state notificationvent KeymapNotify

Exposure eents Expose GraphicsExpose NoExpose
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Event Category Event Type

Structure controleents CirculateRequest, ConfigureRequest MapRequest,
ResizeRequest

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 @ent type, a corresponding structure is declaredXihl#Xlib.h>. All the e/ent struc-
tures hae te 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 reportsG@raphicsExposeevent to a client application, it sends 2iGraph-
icsExposeEventstructure with the type member setGoaphicsExpose The display member is

set to a pointer to the display theset 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 eent 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 eaene 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;
XCrossingEvent 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 membgarhich is set to thevent type. The
second membenahbys is the serial number of the protocol request that generatedetiie €he
third member aliays is send_ent, which is aBool that indicates if thevent was sent by a dif-
ferent client. The fourth membemadys is a displaywhich is the display that theent 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 membwhich is the time at which an
event occurred. In addition, a pointer to the geneviesnemust 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 this, pass anvent mask
to an Xlib event-handling function that takes ameat_mask agument. Thebits of the gent
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mask are defined ind.1/X.h>. Eachbit in the @ent mask maps to arvent mask name, which
describes thevent or e/ents you want the X server to return to a client application.

Unless the client has specifically asked for them, masite are not reported to clients when

they are generated. Unless the client suppresses them by setting graphics-exposures in the GC to

False, GraphicsExposeand NoExposeare reported by default as a resulX@opyPlane and
XCopyArea. SelectionClear, SelectionRequest SelectionNotify, or ClientMessagecannot

be maskd. Selection-relateglvents are only sent to clients cooperating with selections (see sec-

tion 4.5). When thedyboard or pointer mapping is chang&ppingNotify 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 lsatamask:

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 windev leave events 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 windw 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 acste with owner_eents set

to True

10.4. Ewent Processing Overview

The eent reported to a client application duringest processing depends on whiatergt masks
you provide as thevent-mask attribute for a win@o For some eent masks, there is a one-to-
one correspondence between thenemask constant and theeat type constantFor example,
if you pass thevent maskButtonPressMask, the X server sends back orButtonPress events.
Most events contain a time membavhich is the time at which arvent occurred.
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In other cases, oneent mask constant can map tvaal event type constantskor example, if
you pass thevent maskSubstructureNotifyMask , the X server can send baCkrculateNo-

tify , ConfigureNotify, CreateNotify, DestroyNotify, GravityNotify , MapNotify , Reparent-
Notify , or UnmapNotify events.

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 associatestant 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

Button1MotionMask
Button2MotionMask
Button3MotionMask
Button4MotionMask
Button5MotionMask

ButtonPressMask
ButtonReleaseMask
ColormapChangeMask
EnterWindavMask
LeaveWindowvMask

ExposureMask
GCGraphicsExposures in GC

FocusChangeMask

KeymapStateMask

KeyPressMask
KeyReleaseMask

OwnerGrabButtonMask

PointerMotionMask
PointerMotionHintMask

PropertyChangeMask
ResizeRedirectMask

StructureNotifyMask

MotionNotify

ButtonPress

ButtonRelease

ColormapNotify
EnterNotify
LeaeNotify

Expose
GraphicsExpose
NoExpose

deuslin
FocusOut

&ymapNotify
KyPress
&yRelease
N.A.

MotionNotify
N.A.

PropertyNotify
ResizeRequest

CirculateNotify
ConfigureNotify
Destrg/Notify
GravityNotify
MapNotify

XPointerMovedEvent

XButtonPressedEant
XButtonReleasedEant
XColormapEvent
XEnterWindowEent
XLeaveWindowEent

XExposeEvent
XGraphicsExposeht
XNoExposeEwnt

XFocusinEent
XBbcusOutEent

XKeymapEvent

XKeyPressedEsnt
Xl€yReleasedEent

N.A.

XPointerMovedEvent
N.A.

XPropertyEvent
XResizeRequestEvent

XCirculateEvent
XConfigureBsnt
XDestroyWindowEvent
XGravityEvent
XMapEwent
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XButtonEent

XButtonEent

XCrossingEsnt

XCrossingEent

XFocusChangeEvent

XFocusChangeEvent

XKeyEvent
XKeyEvent

XMotionEent
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Event Mask Event Type Structure Generic Structure
ReparentNotify XReparentEwnt
UnmapNotify XUnmapEent
SubstructureNotifyMask CirculateNotify XCirculateEvent
ConfigureNotify XConfigureEent
CreateNotify XCreate\WdowEvent
Destrg/Notify XDestroyWindowEvent
GravityNotify XGravityEvent
MapNotify XMapEwent
ReparentNotify XReparentEwnt
UnmapNotify XUnmapEent
SubstructureRedirectMask CirculateRequest XCirculateRequestEvent
ConfigureRequest XConfigureRequesthty
MapRequest XMapRequesteiv

N.A.
N.A.
N.A.
N.A.
N.A.

VisibilityChangeMask

ClientMessage
MappingNotify
SelectionClear
SelectionNotify
SelectionRequest

WibilityNotify

XClientMessageEvent
XMappingEvent
XSelectionClearEvent
XSelectionEvent
XSelectionRequestEvent

XV isibilityEvent

The sections that foll@ describe the processing that occurs when you select the diffgsant e
masks. Thesections 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 gents

. Colormap state notificatiorvents
. Client communication\ents

10.5. Keyboard and Pointer Events
This section discusses:

. Pointer button eents

. Keyboard and pointervents

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 inter grab is in progress.

202



Xlib — C Library X11, Release 6.7 DRAFT

The X server searches the ancestors of w from the root down, looking foree geasito acti-
vate. If no matching pasa gab on the button exists, the X server automatically starts ae acti
grab for the client receiving theant 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

ewent_mask The clients =lected pointervents on the eent window

pointer_mode GrabModeAsync

keyboard_mode GrabModeAsync

owner_events True, if the client has selectddwnerGrabButton-
Mask on the &ent windaw, 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-
tivePainterGrab .

10.5.2. Keyboard and Pointer Events

This section discusses the processing that occurs foeyhedrd &ents KeyPressand KeyRe-
leaseand the pointenents ButtonPress, ButtonRelease and MotionNotify . For information
about the kyboard @ent-handling utilities, see chapter 11.

The X server reportEeyPressor KeyReleaseevents to clients wanting information abougyk
that logically change state. Note that thegmts are generated for akbys, eren those mapped
to modifier bits. The X server repofittonPress or ButtonReleaseevents to clients wanting
information about buttons that logically change state.

The X server reportMotionNotify 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 thigm 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 dewitprecessing is
frozen.

To receie KeyPress KeyRelease ButtonPress, and ButtonReleaseevents, setkKeyPress-
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 reocsss MotionNotify events only when one or more of the speci-
fied buttons is pressed.

. ButtonMotionMask

The client application recss MotionNotify events only when at least one button is
pressed.
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. PointerMotionMask

The client application recats MotionNotify events independent of the state of the pointer
buttons.

. PointerMotionHintMask

If PainterMotionHintMask 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 ey a button state changes, the pointevksihe ezent windaw, or the
client callsXQueryPointer or XGetMotionEvents. The server still may sendotion-
Notify events without is_hint set tdlotifyHint .

The source of thevent is the vigvable 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 theseeats. 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 ofutr@ &/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 thesgent types contain:
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typedef struct {
int type;

unsigned long serial;
Bool send_eent;
Display *display;
Window window;
Window root;
Window subwindow;
Time time;
intx,y;
int X_root, y_root;
unsigned int state;
unsigned int btton;
Bool same_screen;
} X ButtonEvent;

X11, Release 6.7 DRAFT

[* ButtonPress or ButtonRelease */

* # of last request processed by server */
[* true if this came from a SendEvent request */
/* Display theent was read from */
[* “ event” window it is reported relatie © */
/* root windaw that the gent occurred on */
/* child window */
/* milliseconds */
[* pointer X, y coordinates irvent window */
/* coordinates relaé o root */

[*d&y a button mask */
[* detail */

/* same screen flag */

typedef XButtonEvent XButtonPressedEvent;
typedef XButtonEvent XButtonReleasedEvent;

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;
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;
Window window;
Window root;
Window subwindaw;
Time time;
intx,y;
int x_root, y_root;
unsigned int state;
char is_hint;

[* KeyPress or €yRelease */

[* # of last request processed by server */
[* true if this came from a SendEvent request */
/* Display theeent was read from */

[* “ event” window it is reported relatie © */
/* root windaw that the gent occurred on */
/* child window */
/* milliseconds */
[* pointer x, y coordinates irvent window */
[* coordinates relaé © root */
[*dy a button mask */
[*detail */
[* same screen flag */

/* MotionNotify */
* # of last request processed by server */
[* true if this came from a SendEvent request */
/* Display theeent was read from */
/* “ event” window reported relatie to */

/* root windaw that the gent occurred on */
/* child window */

/* milliseconds */

[* pointer X, y coordinates irvent window */
/* coordinates relaé to root */

[*dy a button mask */
[* detail */
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Bool same_screen; /* same screen flag */
} X MotionEvent;
typedef XMotionEvent XPointerMadEvent;

These structures @ the following common members: wingproot, subwindw, time, X, v,
X_root, y_root, state, and same_screen. The wimdember 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 theeet. Theroot member

is set to the source windaswoot windav. The x_root and y_root members are set to the
pointers amordinates relate o the root windows arigin at the time of thewvent.

The same_screen member is set to indicate whethevehievandow is on the same screen as the
root windaw and can be eithefr ue or False. If True, the eent and root windows are on the
same screen. False, the event and root windows are not on the same screen.

If the source winda is an nferior of the gent windaw, the subwinde member of the structure

is set to the child of thevent window that is the source windoor the child of the gent window
that is an ancestor of the source wiwddtherwise, the X server sets the subwindoember to
None. The time member is set to the time when tmnewas generated and is expressed in mil-
liseconds.

If the event window is on the same screen as the root windihe x and y members are set to the
coordinates relate o the eent window’s aigin. Otherwisethese members are set to zero.

The state member is set to indicate the logical state of the pointer buttons and megifiestk
prior to the gent, which is the bitwise inclugé 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 