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1. Protocol Formats

Request Format

Every request contains an 8-bit major opcode and a 16-bit length field expressed in units of four
bytes. Eery request consists of four bytes of a header (containing the major opcode, the length
field, and a data byte) followed by zero or more additional bytes of data. The length field defines
the total length of the request, including the headlbe length field in a request must equal the
minimum length required to contain the request. If the specified length is smaller or larger than
the required length, an error is generated. Unused bytes in a request are not required to be zero.
Major opcodes 128 through 255 are reservedXtarsions. Extensiorere intended to contain
multiple requests, so extension requests typical laa additional minor opcode encoded in the
second data byte in the request heatllenwveve, the placement and interpretation of this minor
opcode and of all other fields in extension requests are not defined by the core protocol. Every
request on a gen connection is implicitly assigned a sequence nurdeting with one, that is

used in replies, errors, andeats.

Reply Format

Every reply contains a 32-bit length field expressed in units of four bytes. Every reply consists of
32 bytes followed by zero or more additional bytes of data, as specified in the length field.

Unused bytes within a reply are not guaranteed to be zero. Every reply also contains the least sig-
nificant 16 bits of the sequence number of the corresponding request.

Error Format

Error reports are 32 bytes long. Every error includes an 8-bit error code. Error codes 128
through 255 are reserved fottensions. Esry error also includes the major and minor opcodes
of the failed request and the least significant 16 bits of the sequence number of the Feguest.
the following errors (see section 4), the failing resource ID is also retudwéakmap, Cursor,
Drawable, Font, GContext, IDChoice, Pixmap, and Window. For Atom errors, the failing

atom is returnedFor Value errors, the failing value is returned. Other core errors return no addi-
tional data. Unused bytes within an error are not guaranteed to be zero.

Event Format

Events are 32 bytes long. Unused bytes withinventeare not guaranteed to be zero. Every

event contains an 8-bit type code. The most significant bit in this code is set \fetiternas gen-

erated from é&endEventrequest. Eent codes 64 through 127 are reserved for extensions,

although the core protocol does not define a mechanism for selecting interest iveatgh e

Every core eent (with the exception oKeymapNotify) aso contains the least significant 16 bits

of the sequence number of the last request issued by the client that was (or is currently being) pro-
cessed by the server.

2. SyntacticConventions

The rest of this document uses the following syntactivedions.

. The syntax {...} encloses a set of alternedi

. The syntax [...] encloses a set of structure components.

. In general, TYPESs are in uppercase &ltkrnati veValues are capitalized.
. Requests in section 9 are described in the following format:



RequestName
argl: typel

;rgN: typeN

resultl: typel

.r.e-zsuItM: typeM

Errors: kind1, ..., kindK

Description.

If no — is present in the description, then the request has no reply (it is asynchronous),
although errors may still be reported. 4+ is used, then one or more replies can be gener-
ated for a single request.

. Events in section 11 are described in the following format:

EventName
valuel typel

valueN typeN

Description.

3. CommonTypes

Name \alue

LISTofFOO A type name of the form LISTofFOO means a counted list of elements of
type FOO. The size of the length field may vary (it is hot necessarily the
same size as a FOO), and in some cases, it may be implicit. It is fully
specified in Appendix B. Except where explicitly noted, zero-length lists

are lgd.
BITMASK The types BITMASK and LISTofVALUE are somewhat spechrious
LISTofVALUE requests contain arguments of the form:

value-maskBITMASK

value-list LISTofVALUE

These are used to alldhe client to specify a subset of a heterogeneous
collection of optional ayjuments. Theaue-mask specifies which argu-
ments are to be provided; each such argument is assigned a unique bit
position. Theepresentation of the BITMASK will typically contain

more bits than there are defineduments. Thenused bits in the value-
mask must be zero (or the server generatége error). Thevalue-list
contains one value for each bit set to 1 in the mask, from least significant
to most significant bit in the mask. Each value is represented with four
bytes, but the actual value occupies only the least significant bytes as
required. Thevalues of the unused bytes do not matter.



Name \alue

OR A type of the form “T1 or ... or Thimeans the union of the indicated
types. Asingle-element type is\ygn as he element without enclosing
braces.
WINDOW 32-bit value (top three bits guaranteed to be zero)
PIXMAP 32-bitvalue (top three bits guaranteed to be zero)
CURSOR 32-bivalue (top three bits guaranteed to be zero)
FONT 32-bitvalue (top three bits guaranteed to be zero)
GCONTEXT 32-bitvalue (top three bits guaranteed to be zero)
COLORMAP 32-bitvalue (top three bits guaranteed to be zero)
DRAWABLE WINDOW or PXMAP
FONTABLE FONT or GCONTEXT
ATOM 32-bit value (top three bits guaranteed to be zero)
VISUALID 32-bit value (top three bits guaranteed to be zero)
VALUE 32-bitquantity (used only in LISTofVALUE)
BYTE 8-bitvaue
INT8 8-bit signed integer
INT16 16-bitsigned integer
INT32 32-bitsigned integer
CARDS 8-bitunsigned integer
CARD16 16-bitunsigned integer
CARD32 32-bitunsigned integer
TIMESTAMP CARD32
BITGRAVITY { Forget, Static, NorthWest, North, NorthEast, West, Center,
East, SouthWest, South, SouthEasf}

WINGRAVITY { Unmap, Static, NorthWest, North, NorthEast, West, Center,
East, SouthWest, South, SouthEasf}

BOOL {True, False}

EVENT {KeyPress KeyRelease OwnerGrabButton , ButtonPress,

ButtonRelease EnterWindow, LeaveWindow, PointerMotion ,
PointerMotionHint , Button1Motion, Button2Motion
Button3Motion , Button4Motion , Button5Motion , ButtonMotion ,
Exposure, VisibilityChange, StructureNotify , ResizeRedirect
SubstructureNotify, SubstructureRedirect, FocusChange
PropertyChange, ColormapChange, KeymapState}

POINTEREVENT {ButtonPress, ButtonRelease EnterWindow , LeaveWindow,
PointerMotion , PainterMotionHint , Button1Motion,
Button2Motion , Button3Motion , Button4Motion , Button5Motion ,
ButtonMotion , KeymapState}

DEVICEEVENT {KeyPress KeyRelease ButtonPress, ButtonRelease
PointerMotion , Button1Motion , Button2Motion , Button3Motion
Button4Motion , Button5Motion , ButtonMotion }

KEYSYM 32-bitvalue (top three bits guaranteed to be zero)
KEYCODE CARDS8

BUTTON CARDS8

KEYMASK { Shift, Lock, Control, Mod1, Mod2, Mod3, Mod4, Mod5}
BUTMASK { Button1, Button2, Button3, Button4, Button5}
KEYBUTMASK KEYMASK or BUTMASK



Name \alue

STRINGS LISOfCARDS
STRING16 LISBfCHAR2B
CHAR2B [bytel,byte2: CARDS]
POINT [X,y: INT16]
RECTANGLE [, y: INT16,

width, height: CARD16]
ARC [, y: INT16,

width, height: CARD16,
anglel, angle2: INT16]

HOST [family: {Internet, InternetV6 , Sewerinterpreted , DECnet, Chaos}
address: LISTofBYTE]

The [x,y] coordinates of a RECTANGLE specify the upper-left corner.

The primary interpretation of large characters in a STRING16 is thattheomposed of two

bytes used to indea two-dimensional matrix, hence, the use of CHAR2B rather than CARD16.
This corresponds to the JIS/ISO method of indexing 2-byte characters. It is expected that most
large fonts will be defined with 2-byte matrix irxiteg. For large fonts constructed with linear
indexing, a CHARZ2B can be interpreted as a 16-bit number by treating bytel as the most signifi-
cant byte. This means that clients shouldagk transmit such 16-bit character values most sig-
nificant byte first, as the server willvee byte-swap CHAR2B quantities.

The length, format, and interpretation of a HOST address are specific to the famBhésepe-
Hosts request).

4. Errors

In general, when a request terminates with an ahemrequest has no side effects (that is, there is
no partial @ecution). Theonly requests for which this is not true &bangeWindowAt-

tributes, ChangeGC, PodyText8, PdyTextl6, FreeColors, StoreColors, and ChangeKey-
boardControl .

The following error codes result from various requests as follows:

Error Description

Access An attempt is made to grab eybutton combination already
grabbed by another client.

An attempt is made to free a colormap entry not allocated by the
client or to free an entry in a colormap that was created with all
entries writable.

An attempt is made to store into a read-only or an unallocated col-
ormap entry.

An attempt is made to modify the access control list from other than
the local host (or otherwise authorized client).

An attempt is made to select arest type that only one client can
select at a time when another client has already selected it.



Error

Description

Alloc

Atom

Colormap

Cursor

Drawable

Font

GContext

IDChoice

Implementation

Length

Match

Name
Pixmap

Request

The server failed to allocate the requested resource. Note that the
explicit listing of Alloc errors in request only gers allocation

errors at a very coarsevi and is not intended to ger all cases of a
server running out of allocation space in the middle of service. The
semantics when a server runs out of allocation space are left unspeci-
fied, but a server may generateAdioc error on ag request for this
reason, and clients should be prepared toveaach errors and han-

dle or discard them.

A value for an AOM argument does not name a definetioOM.

A value for a COLORMAP argument does not name a defined COL-
ORMAP.

A value for a CURSOR argument does not name a defined CUR-
SOR.

A value for a DRAVABLE argument does not name a defined WIN-
DOW or PIXMAP.

A value for a FONT argument does not name a defined FONT.

A value for a FONTABLE argument does not name a defined FONT
or a defined GCONTEXT.

A value for a GCONTEXT argument does not name a defined
GCONTEXT.

The value chosen for a resource identifier either is not included in the
range assigned to the client or is already in use.

The server does not implement some aspect of the requsstver

that generates this error for a core request is deficient. As such, this
error is not listed for gnof the requests, but clients should be pre-
pared to recee such errors and handle or discard them.

The length of a request is shorter or longer than that required to mini-
mally contain the arguments.

The length of a request exceeds the maximum length accepted by the
server.

An InputOnly window is used as a DRWABLE.

In a graphics request, the GCONTEXT argument does wette
same root and depth as the destination DRBLE argument.

Some argument (or pair of arguments) has the correct type and range,
but it fails to match in some other way required by the request.

A font or color of the specified name does not exist.
A value for a PIXMAP argument does not name a defined PIXMAP.

The major or minor opcode does not specify a valid request.



Error Description

Value Some numeric value falls outside the range of values accepted by the
request. Unlesa ecific range is specified for an argument, the full
range defined by the argument/pe is accepted. Anargument
defined as a set of alternams typically can generate this error (due
to the encoding).

Window A value for a WINDQV argument does not name a defined WIN-
DOW.

Note

The Atom, Colormap, Cursor, Drawable, Font, GContext, Pixmap, and Win-
dow errors are also used when the argument type is extended by union with a set of
fixed alternaties, for example, <WIND®/ or PointerRoot or None>.

5. Keyboards

A KEYCODE represents a physical (or logicatykKeycodes lie in the incluge range [8,255].

A keycode value carries no intrinsic information, although server implementors may attempt to
encode geometry information (for example, matrix) to be interpreted in a server-dependent fash-
ion. Themapping betweendys and keycodes cannot be changed using the protocol.

A KEYSYM is an encoding of a symbol on the cap oéw KThe set of defined KEYSYMs

include the character sets Latin-1, Latin-2, Latin-3, Latin-4, Kana, Arabic, Cyrillic, Greek, Tech,
Special, Publish, APL, Hebne Thai, and Korean as well as a set of symbols common on
keyboards (Return, Help, Tab, and so on). KEYSYMs with the most significant bit (of the 29
bits) set are reserved as vendor-specific.

A list of KEYSYMs is associated with each KEYCODE. The list is intended teeyahe set of
symbols on the correspondingyk If the list (ignoring trailingNoSymbol entries) is a single
KEYSYM “ K", then the list is treated as if it were the ligt NoSymbolK NoSymbol'. If the
list (ignoring trailing NoSymbol entries) is a pair of KEYSYMK1 K2, then the list is treated
as if it were the list K1 K2 K1 KZ . If the list (ignoring trailingNoSymbol entries) is a triple of
KEYSYMs “K1 K2 K3, then the list is treated as if it were the ligtl' K2 K3NoSymbol".
When an explicit “void’ element is desired in the list, the valMeidSymbol can be used.

The first four elements of the list are split intatgroups of KEYSYMs. Group 1 contains the

first and second KEYSYMs, Group 2 contains the third and fourth KEYS¥YM¢hin each

group, if the second element of the groupl@eSymbol, then the group should be treated as if the
second element were the same as the first element, except when the first element is an alphabetic
KEYSYM “ K" f or which both lowercase and uppercase forms are defined. In that case, the

group should be treated as if the first element were the lowercase fokh ahtl the second ele-

ment were the uppercase form a€™.

The standard rules for obtaining a KEYSYM fronKeyPressevent male use of only the Group

1 and Group 2 KEYSYMSs; no interpretation of other KEYSYMs in the list is defined. The modi-
fier state determines which group to use. Switching between groups is controlled by the
KEYSYM named MODE SWITCH, by attaching that KEYSYM to some KEYCODE and attach-
ing that KEYCODE to anone of the modifierdMod1 throughMod5. This modifier is called

the “group modifier. For ary KEYCODE, Group 1 is used when the group modifier is off, and
Group 2 is used when the group modifier is on.



The Lock modifier is interpreted as CapsLock when the KEYSYM named CAPS LOCK is
attached to some KEYCODE and that KEYCODE is attached tbhdblke modifier The Lock
moadifier is interpreted as ShiftLock when the KEYSYM named SHIFT LOCK is attached to
some KEYCODE and that KEYCODE is attached toltbek modifier If the Lock modifier
could be interpreted as both CapsLock and ShiftLock, the CapsLock interpretation is used.

The operation of “kypad’ keys is @ntrolled by the KEYSYM named NUM LOCK, by attach-

ing that KEYSYM to some KEYCODE and attaching that KEYCODE tpare of the modi-

fiers Mod1 throughMod5. This modifier is called the “numlock modifier' The standard

KEYSYMs with the prefix KEYPAD in their name are calledelpad’ KEYSYMs; these are
KEYSYMS with numeric value in the hexadecimal range #xFF80 to #xFFBD imelulsi addi-

tion, vendor-specific KEYSYMS in the hexadecimal range #x11000000 to #x1100FFFF are also
keypad KEYSYMs.

Within a group, the choice of KEYSYM is determined by applying the first rule that is satisfied
from the following list:

. The numlock modifier is on and the second KEYSYM igeypkd KEYSYM. In this case,
if the Shift modifier is on, or if thd.ock modifier is on and is interpreted as ShiftLock,
then the first KEYSYM is used; otherwise, the second KEYSYM is used.

. The Shift andLock modifiers are both &f In this case, the first KEYSYM is used.

. The Shift modifier is off, and thé.ock modifier is on and is interpreted as CapsLock. In
this case, the first KEYSYM is used, but if that KEYSYM is lowercase alphabetic, then the
corresponding uppercase KEYSYM is used instead.

. The Shift modifier is on, and theock modifier is on and is interpreted as CapsLock. In
this case, the second KEYSYM is used, but if that KEYSYM is lowercase alphabetic, then
the corresponding uppercase KEYSYM is used instead.

. The Shift modifier is on, or the.ock modifier is on and is interpreted as ShiftLock, or
both. Inthis case, the second KEYSYM is used.

The mapping between KEYCODEs and KEYSYMs is not used directly by the server; it is merely
stored for reading and writing by clients.

6. Pointers
Buttons are abays numbered starting with one.

7. Predefined Atoms

Predefined atoms are not strictly necessary and may not be useful in all environments, but they
will eliminate manylnternAtom requests in most applications. Note thaytae predefined

only in the sense of having numeric values, not in the sense of having required semantics. The
core protocol imposes no semantics on these names, but semantics are specified in other X Win-
dow System standards, such as thier-Client Communication Conventions Manaal thex

Logical Font Description Conventions

The following names ha& predefined atomalues. Notehat uppercase and lowercase matter.

ARC ITALIC_ANGLE STRING

ATOM MAX_SFACE SUBSCRIPT_X

BITMAP MIN_SPACE SUBSCRIPT_Y
CAP_HEIGHT NORM_SRCE SUPERSCRIPT_X
CARDINAL NOTICE SUPERSCRIPT_Y
COLORMAP PIXMAP UNDERLINE_POSITION



COPYRIGHT POINT UNDERLINE_THICKNESS
CURSOR POINT_SIZE VISUALID
CUT_BUFFERO PRIMAR WEIGHT
CUT_BUFFER1 QJAD_WIDTH WINDOW
CUT_BUFFER2 RECANGLE WM_CLASS
CUT_BUFFER3 RESOLUTION WM_CLIENT_MACHINE
CUT_BUFFER4 RESOURCE_MANGER  WM_COMMAND
CUT_BUFFER5 RGB_BEST_MAP WM_HINTS
CUT_BUFFERG6 RGB_BLUE_MAP WM_ICON_NAME
CUT_BUFFER7 RGB_COLOR_MAP WM_ICON_SIZE
DRAWABLE RGB_DERULT_MAP WM_NAME

END_SRCE RGB_GRAY_MAP WM_NORMAL_HINTS
FAMILY_NAME RGB_GREEN_MAP WM_SIZE_HINTS

FONT RGB_RED_MAP WM_TRANSIENT_FOR
FONT_NAME SECONDARY WM_ZOOM_HINTS
FULL_NAME STRIKEOUT_ASCENT X_HEIGHT

INTEGER STRIKEOUT_DESCENT

To avoid conflicts with possible future names for which semantics might be imposed (either at the
protocol level or in terms of higher legl user interface models), names beginning with an under-
score should be used for atoms that aneafwito a particular vendor organization. D guaran-

tee no conflicts between vendors angknizations, additional prefixes need to be used. Hexye

the protocol does not define the mechanism for choosing suchegrefor names pviate to a

single application or end user but stored in globally accessible locations, it is suggested that two
leading underscores be usedtoid conflicts with other names.

8. ConnectionSetup
For remote clients, the X protocol can be built on top gf r@tiable byte stream.

Connection Initiation

The client must send an initial byte of data to identify the byte order to bey&dpldhevalue

of the byte must be octal 102 or 154. The value 102 (ASCII uppercase B) means values are trans-
mitted most significant byte first, and value 154 (ASCII lowercase |) means values are transmitted
least significant byte first. Except where explicitly noted in the protocol, all 16-bit and 32-bit
guantities sent by the client must be transmitted with this byte, ardkall 16-bit and 32-bit

guantities returned by the server will be transmitted with this byte order.

Fadlowing the byte-order byte, the client sends the following information at connection setup:

protocol-major-version: CARD16
protocol-minor-version: CARD16
authorization-protocol-name: STRINGS
authorization-protocol-data: STRING8

The version numbers indicate what version of the protocol the client expects the server to imple-
ment.

The authorization name indicates what authorization (and authentication) protocol the client
expects the server to use, and the data is specific to that protocol. Specification of valid authoriza-
tion mechanisms is not part of the core X protodobkerver that does not implement the protocol

the client expects or that only implements the host-based mechanism may simply ignore this
information. Ifboth name and data strings are emibiig is to be interpreted as “no explicit
authorizatiori.



Server Response
The client recaies the following information at connection setup:
success: Failed, SuccessAuthenticate}

The client receies the following additional data if the returned success valliled, and the
connection is not successfully established:

protocol-major-version: CARD16
protocol-minor-version: CARD16
reason: STRINGS8

The client receies the following additional data if the returned success valdeithenticate,
and further authentication negotiation is required:

reason: STRINGS

The contents of the reason string are specific to the authorization protocol in use. The semantics
of this authentication negotiation are not constrained, except that the negotiationemiustl g
terminate with a reply from the server containing a success vakgglefl or Success

The client receies the following additional data if the returned success val&iessand the
connection is successfully established:

protocol-major-version: CARD16
protocol-minor-version: CARD16

vendor: STRINGS8

release-number: CARD32

resource-id-base, resource-id-mask: CARD32
image-byte-order: .SBFirst, MSBFirst }
bitmap-scanline-unit: {8, 16, 32}
bitmap-scanline-pad: {8, 16, 32}
bitmap-bit-order: {eastSignificant, MostSignificant}
pixmap-formats: LISTofFORMAT

roots: LISTofSCREEN

motion-buffer-size: CARD32
maximum-request-length: CARD16
min-keycode, max-kycode: KEYCODE

where:

FORMAT: [depth: CARDS,
bits-per-pixel: {1, 4, 8, 16, 24, 32}
scanline-pad: {8, 16, 32}]



SCREEN: [root: WINDOW
width-in-pixels, height-in-pixels: CARD16
width-in-millimeters, height-in-millimeters: CARD16
allowed-depths: LISTofDEPTH
root-depth: CARDS8
root-visual: VISUALID
default-colormap: COLORMAP
white-pixel, black-pixel: CARD32
min-installed-maps, max-installed-maps: CARD16
backing-stores: Never , WhenMapped, Always}
save-unders: BOOL
current-input-masks: SETofEVENT]

DEPTH: [depth: CARDS
visuals: LISTofVISUALTYPE]

VISUALTYPE: [visual-id: VISUALID
class: {StaticGray, StaticColor, TrueColor, GrayScale,
PseudoColor, DirectColor }
red-mask, green-mask, blue-mask: CARD32
bits-per-rgb-value: CARD8
colormap-entries: CARD16]

Sewver | nformation
The information that is global to the server is:

The protocol version numbers are an escape hatch in case future revisions of the protocol are nec-
essary In general, the major version would increment for incompatible changes, and the minor
version would increment for small upward compatible changes. Barring changes, the major ver-
sion will be 11, and the minor version will be 0. The protocol version numbers returned indicate
the protocol the server actually supports. This might not equal the version sent by the client. The
server can (but need not) refuse connections from clients that offer a different version than the
server supportsA server can (but need not) support more than one version simultaneously.

The vendor string ges ome identification of the owner of the server implementation. The ven-
dor controls the semantics of the release number.

The resource-id-mask contains a single contiguous set of bits (at least 18). The client allocates
resource IDs for types WIND®, PIXMAP, CURSOR, FONTGCONTEXT, and COLORMAP

by choosing a value with only some subset of these bits set and ORing it with resource-id-base.
Only values constructed in this way can be used to name newly created reseerrttés oon-

nection. ResourckDs never havethe top three bits set. The client is not restricted to linear or
contiguous allocation of resource IDs. Once an ID has been freed, it can be reused. An ID must
be unique with respect to the IDs of all other resources, not just other resources of the same type.
However, note that the value spaces of resource identifiers, atoms, visualidgyagpohk are dis-
tinguished by context, and as such, are not required to be disjoint; for exampés, Bugieric

value might be both a valid wingolD, a valid atom, and a valiceisym.

Although the server is in general responsible for byte-swapping data to match the client, images
are alvays transmitted and reaed in formats (including byte order) specified by the seriére

byte order for images is\gin by image-byte-order and applies to each scanline unit in XY format
(bitmap format) and to each pixel value in Z format.
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A bitmap is represented in scanline ordeach scanline is padded to a multiple of bits aergi

by bitmap-scanline-pad. The pad bits are of arbitraiya: Thescanline is quantized in multi-

ples of bits as gen by btmap-scanline-unit. Theitmap-scanline-unit is aiays less than or

equal to the bitmap-scanline-pad/ithin each unit, the leftmost bit in the bitmap is either the

least significant or most significant bit in the unit, aggby btmap-bit-order If a pixmap is

represented in XY format, each plane is represented as a bitmap, and the planes appear from most
significant to least significant in bit order with no padding between planes.

Pixmap-formats contains one entry for each depther Theentry describes the Z format used

to represent images of that depth. An entry for a depth is includeg s€eaen supports that

depth, and all screens supporting that depth must support only that Z format for that depth. In Z
format, the pixels are in scanline ordeft to right within a scanline. The number of bits used to

hold each pixel is gen by hits-per-pivel. Bits-perpixel may be larger than strictly required by

the depth, in which case the least significant bits are used to hold the pixmap data, and the values
of the unused high-order bits are undefined. When the bits-per-pixel is 4, the order of nibbles in
the byte is the same as the image byte-ordéren the bits-per-pixel is 1, the format is identical

for bitmap format. Each scanline is padded to a multiple of bitsvas gy sanline-pad. When
bits-per-pixel is 1, this will be identical to bitmap-scanline-pad.

How a pointing device roams the screens is up to the server implementation and is transparent to
the protocol. No geometry is defined among screens.

The server may retain the recent history of pointer motion and do so to a finer granularity than is
reported byMotionNotify events. TheGetMotionEvents request makes such histonagable.
The motion-buffer-size ges the approximate maximum number of elements in the history buffer.

Maximum-request-length specifies the maximum length of a request accepted by thénserver
4-byte units. That is, length is the maximum value that can appear in the length field of a request.
Requests larger than this maximum generdterggth error, and the server will read and simply
discard the entire request. Maximum-request-length wilkgs be at least 4096 (that is, requests

of length up to and including 16384 bytes will be accepted by all servers).

Min-keycode and maxdycode specify the smallest and largespdode values transmitted by the
server Min-keycode is neer less than 8, and maxeycode is neer greater than 255. Not all
keycodes in this range are required tedeorresponding &ys.

Screen Information
The information that applies per screen is:

The allowed-depths specifies what pixmap and windepths are supported. Pixmaps are sup-
ported for each depth listed, and windows of that depth are supported if at least one visual type is
listed for the depthA pixmap depth of one iswhys supported and listed, but windows of depth

one might not be supported depth of zero is nexr listed, but zero-deptmputOnly windows

are alvays supported.

Root-depth and root-visual specify the depth and visual type of the rootwvidlinlth-in-pixels
and height-in-pixels specify the size of the root windwhich cannot be changed). The class of
the root windav is dways InputOutput . Width-in-millimeters and height-in-millimeters can be
used to determine the physical size and the aspect ratio.

The default-colormap is the one initially associated with the root windients with minimal
color requirements creating windows of the same depth as the root may want to allocate from this
map by default.

Black-pixel and white-pixel can be used in implementing a monochrome application. These pixel
values are for permanently allocated entries in thawetolormap. Thactual RGB values may
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be settable on some screens and, yncase, may not actually be black and white. The names are
intended to covey the expected relat intensity of the colors.

The border of the root winaois initially a pixmap filled with the black-pet. Theinitial back-
ground of the root winde is a pxmap filled with some unspecified two-color pattern using
black-pixel and white-pixel.

Min-installed-maps specifies the number of maps that can be guaranteed to be installed simulta-
neously (withinstallColormap ), regardliess of the number of entries allocated in each map.
Max-installed-maps specifies the maximum number of maps that might possibly be installed
simultaneouslydepending on their allocations. Multiple static-visual colormaps with identical
contents but differing in resource ID should be considered as a single map for the purposes of this
number For the typical case of a single hardware colormap, both values will be 1.

Backing-stores indicates when the server supports backing stores for this screen, although it may
be storage limited in the number of windows it can support at onceveluisaers isTr ue, the

server can support theveaunder mode irCreateWindow and ChangeWindowAttributes,

although again it may be storage limited.

The current-inputagents is whatGetWindowAttributes would return for the all+eent-masks for
the root windav.

Visual Information
The information that applies per visual-type is:
A given visual type might be listed for more than one depth or for more than one screen.

For PseudoColor, a pgxel value indees a ®lormap to produce independent RGB values; the
RGB values can be changed dynamicalBrayScaleis treated in the same way Bseudo-
Color except which primary dvies the screen is undefined; thus, the client showldyed store
the same value for red, green, and blue in colormBpsDirectColor, a pxel value is decom-
posed into separate RGB subfields, and each subfield separatgég ihéecolormap for the cor-
responding &lue. TheRGB values can be changed dynamicallyueColor is treated in the
same way a®irectColor except the colormap has predefined read-only R&Bes. Theseal-
ues are server-dependent but provide linear or near-linear increasing ramps in each primary.
StaticColor is treated in the same way BseudoColorexcept the colormap has predefined
read-only RGB values, which are server-depend8tdticGray is treated in the same way as
StaticColor except the red, green, and blue values are equal yosirggle pixel value, resulting
in shades of grayStaticGray with a two-entry colormap can be thought of as monochrome.

The red-mask, green-mask, and blue-mask are only defin&drémtColor and Tr ueColor.
Each has one contiguous set of bits set to 1 with no intersections. Usually each mask has the
same number of bits set to 1.

The bits-per-rgb-value specifies the log base 2 of the number of distinct color intensity values
(individually) of red, green, and blue. This number need not bgaetation to the number of
colormap entries. Actual RGB values ar@ajls passed in the protocol within a 16-bit spectrum,
with 0 being minimum intensity and 65535 being the maximum intenSityhardware that pro-
vides a linear zero-based intensity ramp, the following relationship exists:

hw-intensity = protocol-intensity / (65536 / total-hw-intensities)

Colormap entries are inged from 0. The colormap-entries defines the numbevaifadle col-
ormap entries in a newly created colormé&pr DirectColor and Tr ueColor, this will usually

be 2 to the power of the maximum number of bits set to 1 in red-mask, green-mask, and blue-
mask.
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9. Requests

CreateWindow

wid, parent WINDOW

class { InputOutput , InputOnly , CopyFromParent}
depth CARD8

visual: VISUALID or CopyFromParent

X, y: INT16

width, height border-width CARD16
value-maskBITMASK

value-list LISTofVALUE

Errors: Alloc, Colormap, Cursor, IDChoice, Match, Pixmap, Value, Window

This request creates an unmapped wiwneind assigns the identifier wid to it.

A class ofCopyFromParent means the class is taken from the paréntlepth of zero for class
InputOutput or CopyFromParent means the depth is taken from the paréntisual of
CopyFromParent means the visual type is taken from the paré&t.classinputOutput , the
visual type and depth must be a combination supported for the screeMdtctaerror results).
The depth need not be the same as the parent, but the parent must not bergfut@ssy (or a
Match error results).For classInputOnly , the depth must be zero (oMatch error results),
and the visual must be one supported for the screenMateh error results). Howeer, the par-
ent can hee any @pth and class.

The server essentially acts asriputOnly windows do not exist for the purposes of graphics
requests, exposure processing, &nsibilityNotify events. AnInputOnly window cannot be
used as a dweable (as a source or destination for graphics requebiputOnly and InputOut-
put windows act identically in other respects—properties, grabs, input control, and so on.

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

The x and y coordinates for the windare relatve o the parent aigin and specify the position
of the upper-left outer corner of the wind¢not the origin). The width and height specify the
inside size (not including the border) and must be nonzero\alug error results). The border-
width for anlnputOnly window must be zero (or 8Match error results).

The windav is placed on top in the stacking order with respect to siblings.

The value-mask and value-list specify attributes of the wirttiat are to be explicitly initialized.
The possible values are:

Attrib ute Type

background-pixmap PIXMAP oNone or ParentRelative
background-pixel CARD32

border-pixmap PIXMAP oCopyFromParent
border-pixel CARD32

bit-gravity BITGRAVITY
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Attrib ute Type

win-gravity WINGRAVITY

backing-store NotUseful, WhenMapped, Always}
backing-planes CARD32

backing-pixel CARD32

save-under BOOL

event-mask SETofEVENT
do-not-propagate-mask  SETofDEVICEEVENT
override-redirect BOOL

colormap COLORMAP oCopyFromParent
cursor CURSOR oNone

The default values when attributes are not explicitly initialized are:

Attrib ute Default

background-pixmap None

border-pixmap CopyFromParent
bit-gravity Forget
win-gravity NorthWest
backing-store NotUseful
backing-planes all ones
backing-pixel Zero

sase-under False

event-mask {} (empty set)
do-not-propagate-mask  {} (empty set)
override-redirect False

colormap CopyFromParent
cursor None

Only the following attributes are defined floputOnly windows:

. win-gravity

. event-mask

. do-not-propagate-mask

. override-redirect

. cursor

It is aMatch error to specify another attributes fofnputOnly windows.

If background-pixmap is gen, it overrides the default background-pixmap. The background
pixmap and the winde must hae the same root and the same depth (btagch error results).
Any size pixmap can be used, although some sizes may be faster than others. If background
None is specified, the windw has no defined background. If backgrouPatentRelative is
specified, the parestibackground is used, but the windoust hae the same depth as the parent
(or aMatch error results). If the parent has backgrolNahe, then the windar will also hare
backgroundNone. A copy of the parens background is not made. The parsriickground is
reexamined each time the windbackground is required. If background-pixel isegi, it over-
rides the default background-pixmap angl background-pixmap gen explicitly, and a pixmap
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of undefined size filled with background-pixel is used for the background. Range checking is not
performed on the background-pixel value; it is simply truncated to the appropriate number of bits.
For a ParentRelative background, the background tile originvays aligns with the parent’s
background tile origin. Otherwise, the background tile originvisagd the windev origin.

When no valid contents argailable for regions of a winde and the regions are either visible or
the server is maintaining backing store, the server automatically tiles the regions with the win-
dow's background unless the winddias a background dfone. If the background idlone, the
previous screen contents from other windows of the same depth as theraiadamply left in
place if the contents come from the parent of the winoioan nferior of the parent; otherwise,

the initial contents of the exposed regions are undefined. Expasnts are then generated for
the regions, &n if the background idlone.

The border tile origin is mlays the same as the background tile origin. If border-pixmawés gi

it overrides the default bordgrixmap. Theborder pixmap and the windomust hae the same

root and the same depth (oMatch error results). Ap size pixmap can be used, although some
sizes may be faster than others CipyFromParent is given, the parens border pixmap is

copied (subsequent changes to the pagéntder attribute do not affect the child), but the win-
dow must hae the same depth as the parent (dMatch error results). The pixmap might be
copied by sharing the same pixmap object between the child and parent or by making a complete
copy of the pixmap contents. If border-pixel isvgm, it overrides the default border-pixmap and
ary border-pixmap gien explicitly, and a pixmap of undefined size filled with border-pixel is

used for the borderRange checking is not performed on the border-pixel value; it is simply trun-
cated to the appropriate number of bits.

Output to a windw is dways clipped to the inside of the wingdpso that the border is wer
affected.

The bit-gravity defines which region of the windshould be retained if the windois resized,
and win-gravity defines lwothe windav should be repositioned if the parent is resized (Gen-
figureWindow request).

A backing-store olWhenMapped advises the server that maintaining contents of obscured
regions when the winadwois mapped would be beneficiah backing-store ofAlways advises the
server that maintaining contentgeg when the windw is unmapped would be beneficial. In this
case, the server may generate an exposerg when the windw is created. Avalue of NotUse-

ful advises the server that maintaining contents is unneced#iaoygh a server may still choose
to maintain contents while the wingas mapped. Notehat if the server maintains contents, then
the server should maintain complete contents not just the region within the parent boundaries,
evan if the windav is larger than its parent. While the server maintains contents, exposate e
will not normally be generated, but the server may stop maintaining contenystiaten

If save-under isTr ue, the server is advised that when this wiwde mapped, saving the contents
of windows it obscures would be beneficial.

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

The backing-planes indicates (with bits set to 1) which bit planes of thewvimald dynamic

data that must be preserved in backing-stores and dusiegisders. Thédacking-pixel speci-
fies what value to use in planes notaed by backing-planes. The server is free tesaly the
specified bit planes in the backing-store aeaander and regenerate the remaining planes with
the specified pixelalue. Ary bits beyond the specified depth of the winda these values are
simply ignored.
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The event-mask defines whichvents the client is interested in for this wind¢or for some eent
types, inferiors of the windw). Thedo-not-propagate-mask defines whisergs should not be
propagated to ancestor windows when no client hasvdm g/pe selected in this windo

The override-redirect specifies whether map and configure requests on thiswdnolold oser-
ride aSubstructureRedirect on the parent, typically to inform a windananager not to tamper
with the windav.

The colormap specifies the colormap that best reflects the true colors of thevwiedeers
capable of supporting multiple hardware colormaps may use this information, andvwiade
agers may use it fdnstallColormap requests. Theolormap must hae the same visual type
and root as the windo(or aMatch error results). IfCopyFromParent is specified, the parent’s
colormap is copied (subsequent changes to the pamhdtmap attribute do not affect the child).
However, the windav must hae the same visual type as the parent (Maich error results),

and the parent must notveaa ®lormap ofNone (or aMatch error results).For an eplanation

of None, see FreeColormap request. Theolormap is copied by sharing the colormap object
between the child and the parent, not by making a compleyeotdipe colormap contents.

If a cursor is specified, it will be used wheeaethe pointer is in the winda If Noneis speci-
fied, the parens aursor will be used when the pointer is in the windand ary change in the
parents aursor will cause an immediate change in the displayed cursor.

This request generateCaieateNotify event.

The background and border pixmaps and the cursor may be freed immediately if no further
explicit references to them are to be made.

Subsequent drawing into the background or border pixmap has an undefined effect on the window
state. Theserver might or might not mala ®py of the pixmap.

ChangeWindowAttributes

window. WINDOW
value-maskBITMASK
value-list LISTofVALUE

Errors: Access Colormap, Cursor, Match, Pixmap, Value, Window

The value-mask and value-list specify which attributes are to be changed. The values and restric-
tions are the same as fGreateWindow.

Setting a n& background, whether by background-pixmap or background-pxetkides any
previous background. Setting ambordet whether by border-pixel or border-pixmapgerides
ary previous border.

Changing the background does not cause the wirdatents to be changed. Setting the border
or changing the background such that the border tile origin changes causes the border to be
repainted. Changintihe background of a root windao None or ParentRelative restores the
default background pixmap. Changing the border of a root winideCopyFromParent

restores the default border pixmap.

Changing the win-gravity does not affect the current position of the windo

Changing the backing-store of an obscured wintibWhenMapped or Always or changing
the backing-planes, backing-pixel, owvsainder of a mapped windomay hare ro immediate
effect.
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Multiple clients can select input on the same window; thedntemasks are disjoint. When an
event is generated, it will be reported to all interested clients. Meyenly one client at a time
can select foSubstructureRedirect, only one client at a time can select ResizeRedirect

and only one client at a time can selectBoittonPress. An atempt to violate these restrictions
results in anAccesserror.

There is only one do-not-propagate-mask for a windaot one per client.

Changing the colormap of a wingdby defining a n& map, not by changing the contents of the
existing map) generates@olormapNotify event. Changinghe colormap of a visible window
might hare o immediate effect on the screen ($estallColormap request).

Changing the cursor of a root winddo None restores the default cursor.

The order in which attributes are verified and altered is sde@endent. lan error is generated,
a wbset of the attributes mayJealeen altered.

GetWindowAttributes
window. WINDOW

—

visual: VISUALID

class: {inputOutput , InputOnly }

bit-gravity: BITGRAVITY

win-gravity: WINGRAVITY

backing-store: NotUseful, WhenMapped, Always}
backing-planes: CARD32

backing-pixel: CARD32

sase-under: BOOL

colormap: COLORMAP oNone
map-is-installed: BOOL

map-state: Ynmapped, Unviewable, Viewable}
all-event-masks, yoursgent-mask: SETOfEVENT
do-not-propagate-mask: SETofDEVICEEVENT
override-redirect: BOOL

Errors: Window

This request returns the current attributes of the winddwindow is Unviewable if it is
mapped but some ancestor is unmapped. veEiiemasks is the inclug-OR of all eent masks
selected on the wingoby dients. Your-event-mask is theent mask selected by the querying
client.

DestroyWindow
window. WINDOW
Errors: Window

If the argument windw is mapped, arnmapWindow request is performed automaticallhe
window and all inferiors are then destroyed, anDestroyNotify event is generated for each
window. The ordering of théestroyNotify events is such that for grgiven window,
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DestroyNotify is generated on all inferiors of the windbefore being generated on the window
itself. Theordering among siblings and across subhierarchies is not otherwise constrained.

Normal exposure processing on formerly obscured windows is performed.
If the window is a oot windaw, this request has no effect.

DestroySubwindows
window. WINDOW
Errors: Window

This request performsRestroyWindow request on all children of the wingpin bottom-to-top
stacking order.

ChangeSa&eSet

window. WINDOW
mode { Insert, Delete}

Errors:
Match, Value, Window

This request adds or renes the specified winde from the client saveset. Thewindow must
have keen created by some other client (datch error results).For further information about
the use of the sa-set, see section 10.

When windows are destroyed, the server automaticallyvesrioem from the sae-set.

ReparentWindow

window, parent WINDOW
X, y:INT16

Errors: Match, Window

If the windaw is mapped, arUnmapWindow request is performed automatically first. The win-
dow is then remweed from its current position in the hieragcand is inserted as a child of the
specified parent. The x and y coordinates are veldithe parens aigin and specify the new
position of the upper-left outer corner of the windorhe windav is placed on top in the stack-
ing order with respect to siblings. ReparentNotify event is then generated. Theeapride-redi-
rect attribute of the windwis passed on in thisvent; a value ofTr ue indicates that a window
manager should not tamper with this winddAnally, if the windav was originally mapped, a
MapWindow request is performed automatically.

Normal exposure processing on formerly obscured windows is performed. The server might not
generate exposureents for regions from the initial unmap that are immediately obscured by the
final map.

A Match error is generated if:
. The nev parent is not on the same screen as the old parent.

18



. The nev parent is the windw itself or an inferior of the winda
. The nev parent isinputOnly , and the windav is not.

. The windav has aParentRelative background, and the weparent is not the same depth
as the windw.

MapWindow
window. WINDOW
Errors: Window

If the window is dready mapped, this request has no effect.

If the override-redirect attribute of the windois False and some other client has selecgub-
structureRedirect on the parent, thenlapRequestevent is generated, but the window
remains unmapped. Otherwise, the wiwds mapped, and &MapNotify event is generated.

If the windaw is now viewable and its contents @ been discarded, the windas tiled with its
background (if no background is defined, the existing screen contents are not altered), and zero or
more exposurevents are generated. If a backing-store has been maintained while the window

was unmapped, no exposureeats are generated. If a backing-store wilviime maintained, a
full-window exposure is alays generated. Otherwise, only visible regions may be reported.

Similar tiling and exposure takdace for ag newly viewable inferiors.

MapSubwindows
window. WINDOW
Errors: Window

This request performslapWindow request on all unmapped children of the windim top-to-
bottom stacking order.

UnmapWindow
window. WINDOW
Errors: Window

If the window is dready unmapped, this request has riectf Otherwisethe windav is
unmapped, and adnmapNotify event is generated. Normal exposure processing on formerly
obscured windows is performed.

UnmapSubwindows
window. WINDOW
Errors: Window

19



This request performs donmapWindow request on all mapped children of the wiwgdm bot-
tom-to-top stacking order.

ConfigureWindow

window. WINDOW
value-maskBITMASK
value-list LISTofVALUE

Errors: Match, Value, Window

This request changes the configuration of the windthe value-mask and value-list specify
which values are to bewgin. Thepossible values are:

Attrib ute Type

X INT16

y INT16
width CARD16
height CARD16
border-width CARD16
sibling WINDOW

stack-mode Above, Below, Toplf , Bottomlf , Opposite}

The x and y coordinates are relatio the parens arigin and specify the position of the upper-

left outer corner of the windo The width and height specify the inside size, not including the
border and must be nonzero (or\éalue error results). Those values not specified are taken from
the existing geometry of the wingdo Note that changing just the border-widthvesathe outer-

left corner of the windw in a fixed position but mees the absolute position of the windmadri-

gin. Itis aMatch error to attempt to makthe border-width of atnputOnly window nonzero.

If the override-redirect attribute of the windois False and some other client has selecub-
structureRedirect on the parent, £onfigureRequestevent is generated, and no further pro-
cessing is performed. Otherwise, the following is performed:

If some other client has selectBésizeRedirecton the windav and the inside width or height of
the windav is being changed, ResizeRequestvant is generated, and the current inside width
and height are used instead. Note that treerimle-redirect attribute of the windohas no effect
on ResizeRedirectand thatSubstructureRedirect on the parent has precedengerdresiz-
eRedirecton the windav.

The geometry of the winawis changed as specified, the winds restacked among siblings,

and aConfigureNotify event is generated if the state of the windactually changes. If the

inside width or height of the wingohas actually changed, then children of the windoe

affected, according to their win-gravitExposure processing is performed on formerly obscured
windows (including the winda itself and its inferiors if regions of them were obscured but now
are not). Exposure processing is also performed pmen regons of the windw (as a result of
increasing the width or height) and oryaagons where winde contents are lost.

If the inside width or height of a windois not changed but the windois moved or its border is
changed, then the contents of the windoe not lost but mee with the windav. Changing the
inside width or height of the windlocauses its contents to be wed or lost, depending on the
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bit-gravity of the windwv. It also causes children to be reconfigured, depending on their win-
gravity. For a change of width and height of W and H, we define the [x, y] pairs as:

Dir ection Deltas

NorthWest [0, O]

North [W/2, 0]
NorthEast [W, 0]
West [0, H/2]
Center [W/2, H/2]
East [W, H/2]
SouthWest [0, H]
South [W/2, H]

SouthEast  [W, H]

When a windw with one of these bit-gravities is resized, the corresponding pair defines the
change in position of each pixel in the wimdoWwhen 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. This repositioning generateSravityNotify event. GravityNotify

events are generated after tBenfigureNotify event is generated.

A gravity of Static indicates that the contents or origin should notenelative to the origin of
the root windav. If the change in size of the winslas coupled with a change in position of [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]. Not&Sthtt¢ gravity

still only takes effect when the width or height of the winde changed, not when the wingas
simply moved.

A bit-gravity of Forget indicates that the winaocontents are alays discarded after a size
change, een if backing-store or see-under has been requested. The wind®tiled with its

background (except, if no background is defined, the existing screen contents are not altered) and
zero or more exposureents are generated.

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

A win-gravity of Unmap is like NorthWest, but the child is also unmapped when the parent is
resized, and aklnmapNotify event is generatedlUnmapNotify events are generated after the
ConfigureNotify event is generated.

If a sibling and a stack-mode are specified, the windaestacked 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 then the windw is placed at the top of
the stack.

BottomlIf If the window occludes the sibling, then the wingdds placed at the bottom

of the stack.

Opposite If the sibling occludes the windg then the windw is placed at the top of
the stack. Otherwise, if the wingiaccludes the sibling, then the windas
placed at the bottom of the stack.
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If a stack-mode is specified but no sibling is specified, the winslcestacked 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, then the windw is placed at the top of
the stack.

BottomlIf If the window occludes ay sibling, then the windw is placed at the bottom

of the stack.

Opposite If any sibling occludes the winde, then the windw is placed at the top of
the stack. Otherwise, if the windmccludes an sibling, then the windw is
placed at the bottom of the stack.

It is aMatch error if a sibling is specified without a stack-mode or if the windonot actually a
sibling.

Note that the computations f&ottomlf , Toplf , and Opposite are performed with respect to the
window’s final geometry (as controlled by the other arguments to the request), not to its initial
geometry.

Attempts to configure a root windchaveno effect.

CirculateWindow
window. WINDOW
direction: { RaiseLowest LowerHighest}

Errors: Value, Window

If some other client has select&dbstructureRedirect on the windwv, then aCircu-
lateRequestevent is generated, and no further processing is performed. Otherwise, the following
is performed, and then@irculateNotify event is generated if the windois actually restacked.

For RaiseLowest CirculateWindow raises the lowest mapped child (if any) that is occluded by
another child to the top of the stadkor LowerHighest, CirculateWindow lowers the highest
mapped child (if any) that occludes another child to the bottom of the stack. Exposure processing
is performed on formerly obscured windows.

GetGeometry
drawable DRAWABLE

—

root: WINDOW

depth: CARDS

X, Y. INT16

width, height, border-width: CARD16

Errors: Drawable
This request returns the root and current geometry of thesdien Thedepth is the number of

bits per pixel for the object. The x,and border-width will avays be zero for pixmapd-or a
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window, the x and y coordinates specify the upper-left outer corner of the wirediative 1 its
parents arigin, and the width and height specify the inside size, not including the border.

It is legd to pass annputOnly window as a dawable to this request.

QueryTree
window. WINDOW

—

root: WINDOW
parent: WINDQV or None
children: LISTofWINDOW

Errors: Window

This request returns the root, the parent, and the children of thewvifithe children are listed
in bottom-to-top stacking order.

InternAtom

name STRINGS8
only-if-exists BOOL

atom: AFOM or None
Errors: Alloc, Value

This request returns the atom for theeginame. Ifonly-if-exists isFalse, then the atom is cre-
ated if it does notxést. Thestring should use the ISO Latin-1 encoding. Uppercase and lower-
case matter.

The lifetime of an atom is not tied to the interning client. Atoms remain defined until server reset
(see section 10).

GetAtomName
atom: ATOM

—

name: STRINGS8
Errors: Atom

This request returns the name for theegictom.
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ChangeProperty

window. WINDOW

property, type ATOM

format {8, 16, 32}

mode { Replace Prepend, Append}

data: LISTOfINT8 or LISTOfINT16 or LISTOfINT32

Errors: Alloc, Atom, Match, Value, Window

This request alters the property for the specified windthe type is uninterpreted by the server.
The format specifies whether the data should be viewed as a list of 8-bit, 16-bit, or 32-bit quanti-
ties so that the server can correctly byte-swap as necessary.

If the mode isReplace the previous property value is discarded. If the mod&répend or

Append, then the type and format must match the existing property valueatch error

results). Ifthe property is undefined, it is treated as defined with the correct type and format with
zero-length dataFor Prepend, the data is tacked on to the beginning of the existing data, and for
Append, it is tacked on to the end of the existing data.

This request generatedPaopertyNotify event on the windur.

The lifetime of a property is not tied to the storing client. Properties remain until explicitly
deleted, until the windm is destroyed, or until server reset (see section 10).

The maximum size of a property is server-dependent and may vary dynamically.

DeleteProperty

window. WINDOW
property. ATOM

Errors: Atom, Window

This request deletes the property from the specified wiriiidve property exists and generates a
PropertyNotify event on the winde unless the property does not exist.

GetProperty

window. WINDOW

property. ATOM

type: ATOM or AnyPropertyType
long-offsetlong-length CARD32
delete BOOL

—

type: ATOM or None
format: {0, 8, 16, 32}
bytes-after: CARD32
value: LISTofINT8 or LISTofINT16 or LISTOfINT32

Errors: Atom, Value, Window
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If the specified property does not exist for the specified winthen the return type iNone, the

format and bytes-after are zero, and the value is enjpty delete argument is ignored in this

case. Ifthe specified property exists but its type does not match the specified type, then the return
type is the actual type of the propette format is the actual format of the propertyéneero),

the bytes-after is the length of the property in byteen(d the format is 16 or 32), and the value

is empty The delete argument is ignored in this case. If the specified property exists and either
AnyPropertyType is specified or the specified type matches the actual type of the pytipemty

the return type is the actual type of the propéiiy format is the actual format of the property

(never zero), and the bytes-after and value are as followsngi

N = actual length of the stored property in bytes
(even if the format is 16 or 32)
| = 4 * [ong-offset

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

The returned value starts at byte indién the property (indexing from 0), and its length in bytes
is L. However, it is a Value error if long-offset is gien such that L is ngaive. The value of
bytes-after is A, giving the number of trailing unread bytes in the stored proffadgtete is

True and the bytes-after is zero, the property is also deleted from thewyiattba Proper-
tyNotify event is generated on the wingdo

RotateProperties

window. WINDOW
delta: INT16
properties LISTofATOM

Errors: Atom, Match, Window

If the property names in the list are viewed as being numbered starting from zero, and there are N
property names in the list, then the value associated with property name | becomes the value asso-
ciated with property name (I + delta) mod N, for all | from zero to N — 1. The effect is to rotate

the states by delta places around the virtual ring of property names (right forepdedtt, left

for negaive cklta).

If delta mod N is nonzero, RropertyNotify event is generated for each property in the order
listed.

If an atom occurs more than once in the list or no property with that name is defined for the win-
dow, a Match error is generated. If aAtom or Match error is generated, no properties are
changed.
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ListProperties
window. WINDOW
atoms: LISTofAOM
Errors: Window

This request returns the atoms of properties currently defined on theawindo

SetSelectionOwner
selection ATOM

owner. WINDOW or None
time: TIMESTAMP or CurrentTime

Errors: Atom, Window

This request changes the owravner windav, and last-change time of the specified selection.

This request 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 server time. Otherwise, the last-change time is set
to the specified time witurrentTime replaced by the current server time. If the owner win-

dow is gecified asNone, then the owner of the selection becorheme (that is, no owner).
Otherwise, the owner of the selection becomes the clentieng the request. If the weowner
(whether a client oNone) is not the same as the current owner and the current owner is not

None, then the current owner is senSalectionClearevent.

If the client that is the owner of a selection is later terminated (that is, its connection is closed) or
if the owner winduwv it has specified in the request is later destroyed, then the owner of the selec-
tion automatically reerts to None, but the last-change time is not affected.

The selection atom is uninterpreted by the serVee owner windw is returned by th&etSe-
lectionOwner request and is reported 8electionRequestind SelectionClearevents.

Selections are global to the server.

GetSelectionOwner
selection ATOM

—

owner: WINDOW or None
Errors: Atom

This request returns the current owner windid the specified selection, if gnlf Noneis
returned, then there is no owner for the selection.
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ConvertSelection

selectiontarget: ATOM

property. ATOM or None
requestor WINDOW

time: TIMESTAMP or CurrentTime

Errors: Atom, Window

If the specified selection has an owribe server sends®electionRequesevent to that owner.
If no owner for the specified selection exists, the server gener&s@ionNotify event to the
requestor with propertflone. The arguments are passed on unchanged in either ofdfits.e

SendEvent

destination WINDOW or PainterWindow or InputFocus
propagate BOOL

event-mask SETOfEVENT

ewent <normal-e&ent-format>

Errors: Value, Window

If PointerWindow is specified, destination is replaced with the wimdoat the pointer is in. If
InputFocus is specified and the focus wind@ontains the pointedestination is replaced with
the windav that the pointer is in. Otherwise, destination is replaced with the focuswindo

If the event-mask is the empty set, then tiverg is sent to the client that created the destination
window. If that client no longer exists, ngent is sent.

If propagate id-alse, then the eent is sent toeery client selecting on destinationyaof the
event types in gent-mask.

If propagate islr ue and no clients hae slected on destination yof the ezent types in gent-

mask, then destination is replaced with the closest ancestor of destination for which some client
has selected a type imemt-mask and no intervening wingidas that type in its do-not-propa-
gate-mask. Ifno such windw exists or if the windw is an ancestor of the focus wingoand
InputFocus was ariginally specified as the destination, then theneis not sent to anclients.
Otherwise, thewent is reported tovery client selecting on the final destinatioryari the types
specified in eent-mask.

The erent code must be one of the cokerts or one of thevents defined by an extension (or a
Value error results) so that the server can correctly byte-swap the contents as nedéssary
contents of thewvent are otherwise unaltered and unchecked by the server except to force on the
most significant bit of thevent code and to set the sequence number invire eorrectly.

Active gabs are ignored for this request.
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GrabPointer

grab-window WINDOW

owner-eventsBOOL

event-mask SETofPOINTEREVENT
pointer-modekeyboard-mode{ Synchronous Asynchronous}
confine-to WINDOW or None

cursor: CURSOR orNone

time: TIMESTAMP or CurrentTime

—

status: SuccessAlreadyGrabbed, Frozen, InvalidTime , NotViewable}
Errors: Cursor, Value, Window

This request actely grabs control of the pointeFurther pointer eents are only reported to the
grabbing client. The request@rides an active pointer grab by this client.

If owner-events isFalse, dl generated pointervents are reported with respect to grab-window
and are only reported if selected we@-mask. Ifowner-events isTrue and a generated pointer
event would normally be reported to this client, it is reported norm&@iperwise, thewent is
reported with respect to the grab-wimdand is only reported if selected byeat-mask. ©Br
either value of ownervents, unreportedvents are simply discarded.

If pointer-mode isAsynchronous, pointer ezent processing continues normalllf the pointer is
currently frozen by this client, then processing of pointents is resumed. If pointer-mode is
Synchronous the state of the pointer (as seen by means of the protocol) appears to freeze, and
no further pointerwents are generated by the server until the grabbing client issues a releasing
AllowEvents request or until the pointer grab is released. Actual pointer changes are not lost
while the pointer is frozen. There simply queued for later processing.

If keyboard-mode iAsynchronous, keyboard @ent processing is unaffected by a&etion of the
grah If keyboard-mode isSynchronous the state of thedyboard (as seen by means of the pro-
tocol) appears to freeze, and no furtheybdoard @ents are generated by the server until the grab-
bing client issues a releasiddlowEvents request or until the pointer grab is released. Actual
keyboard changes are not lost while tiegtdoard is frozen. Theare simply queued for later pro-
cessing.

If a cursor is specified, then it is displayedaéless of what windwe the pointer is in. If no cur-
sor is specified, then when the pointer is in grab-windoone of its subwindows, the normal
cursor for that windw is displayed. Otherwisahe cursor for grab-windwois displayed.

If a confine-to windw is specified, then the pointer will be restricted to stay contained in that
window. The confine-to winde need hae ro relationship to the grab-windo If the pointer is

not initially in the confine-to winde, then it is warped automatically to the closest edge (and
enter/le@e events are generated normally) just before the grabates. Ifthe confine-to window

is subsequently reconfigured, the pointer will be warped automatically as necessary to keep it
contained in the winda

This request generat&nterNotify and LeaveNotify events.

The request fails with statudreadyGrabbed if the pointer is actiely grabbed by some other
client. Therequest fails with statusrozen if the pointer is frozen by an aeéi gab of another
client. Therequest fails with statudotViewable if grab-windav or confine-to windav is not
viewable or if the confine-to winde lies completely outside the boundaries of the root windo
The request fails with statusvalidTime if the specified time is earlier than the last-pointer-grab
time or later than the current server time. Otherwise, the last-pointer-grab time is set to the
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specified time, wittCurrentTime replaced by the current server time.

UngrabPointer
time: TIMESTAMP or CurrentTime

This request releases the pointer if this client has itegyrabbed (from eitheGrabPointer or
GrabButton or from a normal button press) and releasgsgapued gents. Therequest has no
effect if the specified time is earlier than the last-pointer-grab time or is later than the current
server time.

This request generat&nterNotify and LeaveNotify events.

An UngrabPointer request is performed automatically if thesg window or confine-to window
for an actve inter grab becomes not weble or if windav reconfiguration causes the confine-
to window to lie completely outside the boundaries of the root windo

GrabButton

modifiers SETofKEYMASK or AnyModifier

button: BUTTON or AnyButton

grab-window WINDOW

owner-eventsBOOL

ewent-mask SEToOfPOINTEREVENT
pointer-modekeyboard-mode{ Synchronous Asynchronous}
confine-to WINDOW or None

cursor: CURSOR orNone

Errors: Access Cursor, Value, Window

This request establishes a passrah In the future, the pointer is ae#ly grabbed as described

in GrabPointer, the last-pointer-grab time is set to the time at which the button was pressed (as
transmitted in th&uttonPress event), and theButtonPressevent is reported if all of the follow-

ing conditions are true:

. The pointer is not grabbed and the specified button is logically pressed when the specified
modifier keys ae logically down, and no other buttons or modifieyskare logically down.

. The grab-windw contains the pointer.
. The confine-to windw (if any) is vievable.

. A passie gab on the same buttomik combination does not exist onyaancestor of grab-
window.

The interpretation of the remaining arguments is the same & dbPointer. The actve gab

is terminated automatically when the logical state of the pointer has all buttons released, indepen-
dent of the logical state of modifieeys. Notethat the logical state of a device (as seen by means

of the protocol) may lag the physical state if devieeneprocessing is frozen.

This requesterrides all previous pas& gabs by the same client on the same butyném-
binations on the same wingdo A modifier of AnyModifier is equvaent to issuing the request
for all possible modifier combinations (including the combination of no modifiers). It is not
required that all specified modifiersvieawrrently assigneddycodes. Abutton of AnyButton is
equiaent to issuing the request for all possiblgtbns. Otherwiset is not required that the
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button specified currently be assigned to a physical button.

An Accesserror is generated if some other client has already iss@dtzButton request with
the same buttondy combination on the same wingo When usingAnyModifier or AnyBut-
ton, the request fails completely (no grabs are established), aAdcasserror is generated if
there is a conflicting grab for yweombination. Theequest has no effect on an eetgab.

UngrabButton

modifiers SETofKEYMASK or AnyModifier
button: BUTTON or AnyButton
grab-window WINDOW

Errors: Value, Window

This request releases the pasdutton/key mwmbination on the specified windaf it w as

grabbed by this clientA modifiers argument oAnyModifier is equvalent to issuing the request
for all possible modifier combinations (including the combination of no modifiérglutton of
AnyButton is equvalent to issuing the request for all possiblgtbns. Theaequest has no effect
on an actie gab.

ChangeActivePointerGrab

ewvent-mask SETofPOINTEREVENT
cursor. CURSOR orNone
time: TIMESTAMP or CurrentTime

Errors: Cursor, Value

This request changes the specified dynamic parameters if the pointerdy gctibbed by the

client and the specified time is no earlier than the last-pointer-grab time and no later than the cur-
rent server time. The interpretation @ket-mask and cursor are the same aSiiabPointer .

This request has no effect on the parametersyopassve gabs established witGrabButton .

GrabKeyboard

grab-window WINDOW

owner-eventsBOOL

pointer-modekeyboard-mode{ Synchronous Asynchronous}
time: TIMESTAMP or CurrentTime

status: SuccessAlreadyGrabbed, Frozen, InvalidTime , NotViewable}
Errors: Value, Window

This request actely grabs control of thedyboard. Furthekey events are reported only to the
grabbing client. This request@arides ay active keyboard grab by this client.

If owner-events isFalse, dl generated &y events are reported with respect to grab-winddf
owner-e/ents isTr ue and if a generatedel event would normally be reported to this client, it is
reported normally Otherwise, the went is reported with respect to the grab-wiwddoth
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KeyPressand KeyReleaseevents are aliays reported, independent ofyegvent selection made
by the client.

If keyboard-mode iAsynchronous, keyboard @ent processing continues normalllf the

keyboard is currently frozen by this client, then processingeybdard &ents is resumed. If
keyboard-mode isSynchronous the state of thedyboard (as seen by means of the protocol)
appears to freeze. No furthezyboard &ents are generated by the server until the grabbing client
issues a releasingllowEvents request or until thedyboard grab is released. Actuaykoard
changes are not lost while theykoard is frozen. Theare simply queued for later processing.

If pointer-mode isAsynchronous, pointer event processing is unaffected by &etion of the

grah If pointer-mode isSynchronous the state of the pointer (as seen by means of the protocol)
appears to freeze. No further pointeerdts are generated by the server until the grabbing client
issues a releasingllowEvents request or until thedgboard grab is released. Actual pointer
changes are not lost while the pointer is frozen.yTne simply queued for later processing.

This request generaté®cusin and FocusOut events.

The request fails with statudreadyGrabbed if the keyboard is actiely grabbed by some other
client. Therequest fails with statusrozen if the keyboard is frozen by an aet gab of another
client. Therequest fails with statudotViewable if grab-windav is not viewable. Therequest
fails with statuslnvalidTime if the specified time is earlier than the lasithoard-grab time or
later than the current server time. Otherwise, the legidard-grab time is set to the specified
time with CurrentTime replaced by the current server time.

UngrabKeyboard
time: TIMESTAMP or CurrentTime

This request releases theykoard if this client has it astly grabbed (as a result of either
GrabKeyboard or GrabKey) and releases grmueued gents. Therequest has no effect if the
specified time is earlier than the lastyhoard-grab time or is later than the current server time.

This request generatéocusin and FocusOut events.

An UngrabKeyboard is performed automatically if thevent windav for an actie keyboard
grab becomes not vigble.

GrabKey

key: KEYCODE orAnyKey

modifiers SETofKEYMASK or AnyModifier

grab-window WINDOW

owner-eventsBOOL

pointer-modekeyboard-mode{ Synchronous Asynchronous}

Errors: Access Value, Window

This request establishes a pasgrab on the &yboard. Inthe future, the &yboard is actiely
grabbed as described @rabKeyboard, the last-leyboard-grab time is set to the time at which
the key was pressed (as transmitted in KeyPressevent), and thekeyPressevent is reported if
all of the following conditions are true:

31



. The keyboard is not grabbed and the specified gvhich can itself be a modifieel) is
logically pressed when the specified modifieykare logically down, and no other modi-
fier keys are logically down.

. Either the grab-winde is an ancestor of (or is) the focus windpor the grab-windw is a
descendent of the focus wind@nd contains the pointer.

. A passie gab on the samesly mmbination does not exist onyaancestor of grab-win-
dow.

The interpretation of the remaining arguments is the same &g dbiKeyboard. The actve

grab is terminated automatically when the logical state ofdgigolard has the specifie@k
released, independent of the logical state of modiéigs.kNotethat the logical state of a device
(as seen by means of the protocol) may lag the physical state if desric@mcessing is frozen.

This requesterrides all previous pasa gabs by the same client on the sarag éombinations

on the same winda A modifier of AnyModifier is equialent to issuing the request for all pos-
sible modifier combinations (including the combination of no modifiers). It is not required that
all modifiers specified va airrently assigneddycodes. Akey of AnyKey is equvaent to issu-
ing the request for all possibleycodes. Otherwisehe lkey must be in the range specified by
min-keycode and maxdycode in the connection setup (o¥alue error results).

An Accesserror is generated if some other client has issuedadKey with the same &y mm-
bination on the same windo When usingAnyModifier or AnyKey, the request fails com-
pletely (no grabs are established), andhanesserror is generated if there is a conflicting grab
for ary combination.

UngrabKey

key: KEYCODE orAnyKey
modifiers SETofKEYMASK or AnyMadifier
grab-window WINDOW

Errors: Value, Window

This request releases theykoombination on the specified wingaf it w as grabbed by this

client. Amodifiers argument oAnyModifier is equvalent to issuing the request for all possible
modifier combinations (including the combination of no modifiefskey d AnyKey is equiv-
alent to issuing the request for all possit#gdodes. Thisequest has no effect on an eetgab.

AllowEvents

mode { AsyncPointer, SyncPointer, ReplayPointer, AsyncKeyboard,
SyncKeyboard, ReplayKeyboard, AsyncBoth, SyncBoth}
time: TIMESTAMP or CurrentTime

Errors: Value

This request releases some queuets if the client has caused a device to freeze. The request
has no effect if the specified time is earlier than the last-grab time of the most revergrabti
for the client or if the specified time is later than the current server time.

For AsyncPointer, if the pointer is frozen by the client, pointeest processing continues nor-
mally. If the pointer is frozen twice by the client on behalf aj separate grabs\syncPointer

32



thaws for both. AsyncPointer has no effect if the pointer is not frozen by the client, but the
pointer need not be grabbed by the client.

For SyncPointer, if the pointer is frozen and agtly grabbed by the client, pointevent pro-
cessing continues normally until the n®dttonPress or ButtonReleaseevent is reported to the
client, at which time the pointer again appears to freeze. Howethe reported\ent causes
the pointer grab to be released, then the pointer does not fi8gaePointer has no effect if the
pointer is not frozen by the client or if the pointer is not grabbed by the client.

For ReplayPointer, if the pointer is actely grabbed by the client and is frozen as the result of
an evzent having been sent to the client (either from thevain of a GrabButton or from a pre-
vious AllowEvents with modeSyncPointer but not from aGrabPointer), then the pointer grab
is released and thatent is completely reprocessed, this time ignoring passve gabs at or
above towards the root) the grab-windoof the grab just released. The request has no effect if
the pointer is not grabbed by the client or if the pointer is not frozen as the resulvefitan e

For AsyncKeyboard, if the keyboard is frozen by the clienteyboard ent processing contin-
ues normally If the keyboard is frozen twice by the client on behalf ob tsgparate grabs,
AsyncKeyboard thaws for both. AsyncKeyboard has no effect if thedgboard is not frozen by
the client, but thedyboard need not be grabbed by the client.

For SyncKeyboard, if the keyboard is frozen and agtly grabbed by the clientgyboard ent
processing continues normally until the n&eayPressor KeyReleaseevent is reported to the
client, at which time thedyboard again appears to freeze. Hoggif the reportedent causes
the keyboard grab to be released, then tegbbard does not freezesyncKeyboard has no
effect if the leyboard is not frozen by the client or if theykoard is not grabbed by the client.

For ReplayKeyboard, if the keyboard is actiely grabbed by the client and is frozen as the result
of an e/ent having been sent to the client (either from thevaiobin of aGrabKey or from a pre-
vious AllowEvents with mode SyncKeyboard but not from aGrabKeyboard), then the

keyboard grab is released and thatra is completely reprocessed, this time ignoring passve
grabs at or abh@ (towards the root) the grab-windoof the grab just released. The request has
no effect if the kyboard is not grabbed by the client or if thesthoard is not frozen as the result
of an eent.

For SyncBoth, if both pointer and éyboard are frozen by the clientjeat processing (for both
devices) continues normally until the n@dttonPress, ButtonRelease KeyPress or KeyRe-
leaseevant is reported to the client for a grabbed device (buttentdor the pointerkey event

for the leyboard), at which time the devices again appear to freeze. \dgifehe reported

event causes the grab to be released, then the devices do not freeze (but if the other device is still
grabbed, then a subsequewntrd for it will still cause both devices to freezeJyncBoth has no

effect unless both pointer andykoard are frozen by the client. If the pointer eyhoard is

frozen twice by the client on behalf ofdveeparate grabssyncBoth thaws for both (but a subse-
guent freeze foByncBoth will only freeze each device once).

For AsyncBoth, if the pointer and theegboard are frozen by the clientieat processing for
both devices continues normallif a device is frozen twice by the client on behalf obteepa-
rate grabsAsyncBoth thaws for both. AsyncBoth has no effect unless both pointer and
keyboard are frozen by the client.

AsyncPointer, SyncPointer, and ReplayPointer have ro efect on processing oekboard
events. AsyncKeyboard, SyncKeyboard, and ReplayKeyboard have ro efect on processing
of pointer @ents.

It is possible for both a pointer grab andegtioard grab to be agt smultaneously (by the same
or different clients). When a device is frozen on behalf of either gralyenb grocessing is per-
formed for the déce. Itis possible for a single device to be frozen because of both grabs. In this
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case, the freeze must be released on behalf of both grabs Ivefdsecan again be processed. If
a cevice is frozen twice by a single client, then a sifliewEvents releases both.

GrabServer

This request disables processing of requests and close-downs on all connections other than the
one this request aved on.

UngrabServer

This request restarts processing of requests and close-downs on other connections.

QueryPointer
window. WINDOW

—

root: WINDOW

child: WINDOW or None
same-screen: BOOL

root-x, root-y win-x, win-y: INT16
mask: SETofKEYBUTMASK

Errors: Window

The root windav the pointer is logically on and the pointer coordinates weldtithe roots ari-

gin are returned. If same-screerFase, then the pointer is not on the same screen as the argu-
ment windav, child is None, and win-x and win-y are zero. If same-screeiiiisie, then win-x

and win-y are the pointer coordinates rektb the argument window'arigin, and child is the

child containing the pointeif any. The current logical state of the modifieayk and the buttons

are also returned. Note that the logical state of a device (as seen by means of the protocol) may
lag the physical state if deviceent processing is frozen.

GetMotionEvents

start, stop: TIMESTAMP or CurrentTime
window. WINDOW

—

evats: LISTofTIMECOORD
where:

TIMECOORD:  [x,y: INT16
time: TIMESTAMP]

Errors: Window
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This request returns alvents in the motion history buffer that fall between the specified start and
stop times (inclusie) and that hae wordinates that lie within (including borders) the specified
window at its present placement. The x and y coordinates are reportederédtie origin of the
window.

If the start time is later than the stop time or if the start time is in the futureemis are
returned. Ifthe stop time is in the future, it is egaent to specifyingCurrentTime .

Tr anslateCoordinates

src-window dst-window WINDOW
src-x src-y. INT16

—

same-screen: BOOL
child: WINDOW or None
dst-x, dst-y: INT16

Errors: Window

The src-x and src-y coordinates are taken k&db sc-window’s arigin and are returned as dst-x
and dst-y coordinates rebai 0 dst-window’s aigin. If same-screen iBalse, then src-window

and dst-windw are on different screens, and dst-x and dst-y are zero. If the coordinates are con-
tained in a mapped child of dst-windahen that child is returned.

Warp Painter

src-window WINDOW or None
dst-window WINDOW or None
Src-x src-y. INT16

src-width src-height CARD16
dst-x dst-y: INT16

Errors: Window

If dst-window is None, this request mees the pointer by offsets [dst-x, dst-y] relatito the cur-

rent position of the pointedf dst-window is a window, this request maes the pointer to [dst-X,

dst-y] relative o dst-window’s aigin. However, if src-windaw is not None, the mare anly takes

place if src-windw contains the pointer and the pointer is contained in the specified rectangle of
src-windav.

The src-x and src-y coordinates are re&@ai sc-window’s aigin. If src-height is zero, it is
replaced with the current height of src-wimdminus src-y If src-width is zero, it is replaced
with the current width of src-windominus src-x.

This request cannot be used tovadne pointer outside the confine-to windof an active
pointer grab An atempt will only mave the pointer as far as the closest edge of the confine-to
window.

This request will generatevants just as if the user had instantaneouslyetithe pointer.
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SetlnputFocus

focus WINDOW or PainterRoot or None
revert-to: { Parent, PointerRoot, None}
time: TIMESTAMP or CurrentTime

Errors: Match, Value, Window

This request changes the input focus and the last-focus-change time. The request has no effect if
the specified time is earlier than the current last-focus-change time or is later than the current
server time. Otherwise, the last-focus-change time is set to the specified tinG&uwihtTime

replaced by the current server time.

If Noneis specified as the focus, ayboard @ents are discarded until awméocus windav is
set. Inthis case, the vert-to argument is ignored.

If a windaw is gecified as the focus, it becomes tlghloards focus windev. If a generated
keyboard eent would normally be reported to this windor one of its inferiors, thevent is
reported normally Otherwise, the went is reported with respect to the focus wiwdo

If PointerRoot is specified as the focus, the focus winds dynamically taken to be the root
window of whatever screen the pointer is on at eaahyoard eent. Inthis case, the vert-to
argument is ignored.

This request generaté®cusin and FocusOut events.

The specified focus winelomust be vigvable at the time of the request (oMatch error
results). Ifthe focus windw later becomes not wiable, the nes focus windev depends on the
revert-to agument. Ifrevert-to is Parent, the focus reerts to the parent (or the closestwable
ancestor) and the wareveat-to value is taken to bone. If revet-to is PointerRoot or None,
the focus reerts to that alue. Wherthe focus reerts, Focusin and FocusOut events are gener-
ated, but the last-focus-change time is not affected.

GetlnputFocus

—

focus: WINDON or PointerRoot or None
revert-to: { Parent, PointerRoot, None}

This request returns the current focus state.

QueryKeymap

keys: LISTofCARDS

This request returns a bit vector for the logical state ofélledard. Eaclbit set to 1 indicates

that the correspondingeilt is aurrently pressed. The vector is represented as 32 bytes. Byte N
(from 0) contains the bits forelgs 8N to 8N + 7 wvith the least significant bit in the byte represent-
ing key &N. Notethat the logical state of a device (as seen by means of the protocol) may lag the
physical state if devicevent processing is frozen.
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OpenFont

fid: FONT
name STRINGS

Errors: Alloc, IDChoice, Name

This request loads the specified font, if necessad/associates identifier fid with it. The font
name should use the ISO Latin-1 encoding, and uppercase and lowercase do noWhatier
the characters “?and “*' " are used in a font name, a pattern match is performed gndatoh-
ing font is used. In the pattern, the “@haracter (octal value 77) will matchyasingle character,
and the “*" character (octal value 52) will matchyanumber of charactersA structured format
for font names is specified in the XdxtandardX Logical Font Description Conventions

Fonts are not associated with a particular screen and can be stored as a compoyp@naphias
context.

CloseFont
font: FONT
Errors: Font

This request deletes the association between the resource ID and the font. The font itself will be
freed when no other resource references it.
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QueryFont
font: FONTABLE

—

font-info; FONTINFO
char-infos: LISTofCHARINFO

where:

FONTINFO: [draw-direction: {eftToRight, RightTolLeft }
min-char-or-byte2, max-char-or-byte2: CARD16
min-bytel, max-bytel: CARDS
all-chars-exist: BOOL
default-char: CARD16
min-bounds: CHARINFO
max-bounds: CHARINFO
font-ascent: INT16
font-descent: INT16
properties: LISTOfFONTPROP]

FONTPROP:  [nameATOM
value: <32-bit-value>]

CHARINFO: [left-side-bearingtNT16
right-side-bearing: INT16
character-width: INT16
ascent: INT16
descent: INT16
attributes: CARD16]

Errors: Font

This request returns logical information about a font. If a gcontextéa ¢or font, the currently
contained font is used.

The draw-direction is just a hint and indicates whether most char-infesahasitive, Left-
ToRight, or a regdive, RightToLeft , character-width metric. The core protocol defines no sup-
port for vertical text.

If min-bytel and max-bytel are both zero, then min-char-or-byte2 specifies the linear character
index corresponding to the first element of char-infos, and max-char-or-byte2 specifies the linear
character indeof the last element. If either min-bytel or max-bytel are nonzero, then both min-
char-or-byte2 and max-char-or-byte2 will be less than 256, and the 2-byte charactgainds
corresponding to char-infos 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 char-infos has length zero, then min-bounds and max-bounds will be identical, and theeseffecti
char-infos is one filled with this char-info, of length:
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L =D * (max-bytel — min-bytel + 1)

That is, all glyphs in the specified linear or matrix rangeHfge same information, asvgn by
min-bounds (and max-bounds). If all-chars-existnisie, then all characters in char-infosviea
nonzero bounding boxes.

The default-char specifies the character that will be used when an undefined or nonexistent char-
acter is used. Note that default-char is a CARD16, not CHARRZBa font using 2-byte matrix
format, the default-char has bytel in the most significant byte and byte2 in the least significant
byte. Ifthe default-char itself specifies an undefined or nonexistent chatheteno printing is
performed for an undefined or nonexistent character.

The min-bounds and max-bounds contain the minimum and maximum values of each individual
CHARINFO componentwer al char-infos (ignoring nonexistent characters). The bounding box

of the font (that is, the smallest rectangle enclosing the shape obtained by superimposing all char-
acters at the same origin [x,y]) has its upper-left coordinate at:

[X + min-bounds.left-side-bearing, y — max-bounds.ascent]
with a width of:

max-bounds.right-side-bearing — min-bounds.left-side-bearing

and a height of:

max-bounds.ascent + max-bounds.descent

The font-ascent is the logical extent of the fontvahe baseline and is used for determining line
spacing. Specificharacters may extend beyond this. The font-descent is the logical extent of the
font at or belav the baseline and is used for determining line spacing. Specific characters may
extend beyond this. If the baseline is at Y-coordinatbgn the logical extent of the font is inclu-
sive ketween the Y-coordinate values (y — font-ascent) and (y + font-descent — 1).

A font is not guaranteed toeany poperties. Thenterpretation of the property value (for
example, INT32, CARD32) must be dezdl froma priori knowledge of the propertyA basic set
of font properties is specified in the X@tandardX Logical Font Description Conventions

For a dharacter origin at [x,y], the bounding box of a character (that is, the smallest rectangle
enclosing the characterthape), described in terms of CHARINFO components, is a rectangle
with its upper-left corner at:

[x + left-side-bearing, y — ascent]
with a width of:

right-side-bearing — left-side-bearing
and a height of:

ascent + descent

and the origin for the next character is defined to be:

[x + character-width, y]
Note that the baseline is logically viewed as being justhetmdescending characters (when
descent is zero, only pixels with Y-coordinates less than y are drawn) and that the origin is logi-

cally viewed as being coincident with the left edge of a nonkerned character (when left-side-bear-
ing is zero, no pixels with X-coordinate less than x are drawn).
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Note that CHARINFO metric values can bejaeve.
A nonexistent character is represented with all CHARINFO components zero.
The interpretation of the per-character attributes field is server-dependent.

QueryTextExtents

font: FONTABLE
string: STRING16

—

draw-direction: {_eftToRight , RightToLeft }
font-ascent: INT16

font-descent: INT16

overall-ascent: INT16

overall-descent: INT16

overall-width: INT32

overall-left: INT32

overall-right: INT32

Errors: Font

This request returns the logical extents of the specified string of characters in the specified font.
If a gcontext is gien for font, the currently contained font is used. The draw-direction, font-
ascent, and font-descent are the same as descriaeenyFont. The overall-ascent is the max-
imum of the ascent metrics of all characters in the string, and/éhaladescent is the maximum

of the descent metrics. Theepall-width is the sum of the character-width metrics of all charac-
ters in the stringFor each character in the string, let W be the sum of the character-width metrics
of all characters preceding it in the string, let L be the left-side-bearing metric of the character
plus W and let R be the right-side-bearing metric of the character plush& overall-left is the
minimum L of all characters in the string, and tlerall-right is the maximum R.

For fonts defined with linear indexing rather than 2-byte matrix indexing, the server will interpret
each CHARZ2B as a 16-bit number that has been transmitted most significant byte first (that is,
bytel of the CHARZ2B is taken as the most significant byte).

Characters with all zero metrics are ignored. If the font has no defined defautkeharnde-
fined characters in the string are also ignored.

ListFonts

pattern STRINGS
max-namesCARD16

—

names: LISTofSTRINGS

This request returns a list ofailable font names (as controlled by the font search pathSeee
FontPath request) that match the pattern. At most, max-names names will be returned. The pat-
tern should use the 1ISO Latin-1 encoding, and uppercase and lowercase do notmthtgrat-

tern, the “?’ character (octal value 77) will matchyasingle characterand the “*’ character

(octal value 52) will match gmumber of characters. The returned names are in lowercase.
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ListFontsWithinfo

pattern: STRINGS8
max-namesCARD16

—

name: STRINGS
info FONTINFO
replies-hint: CARD32

where:
FONTINFO: <same type definition as QueryFont>

This request is similar thistFonts, but it also returns information about each font. The informa-
tion returned for each font is identical to wifateryFont would return except that the per-char-
acter metrics are not returned. Note that this request can generate multiple Wjhesach

reply, replies-hint may provide an indication ofunanary more fonts will be returned. This num-

ber is a hint only and may be larger or smaller than the number of fonts actually refyzesd.

value does not guarantee that no more fonts will be returned. After the font replies, a reply with a
zero-length name is sent to indicate the end of the reply sequence.

SetFontPath
path: LISTofSTRINGS8
Errors: Value

This request defines the search path for font lookup. There is only one search path peoserver
one per client. The interpretation of the strings is operating-system-dependent, but the strings are
intended to specify directories to be searched in the order listed.

Setting the path to the empty list restores the default path defined for the server.

As a side effect of>@cuting this request, the server is guaranteed 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 system specific.

GetFontPath

—

path: LISToOfSTRINGS8

This request returns the current search path for fonts.
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CreatePixmap

pid: PIXMAP
drawable DRAWABLE
depth CARDS

width, height CARD16

Errors: Alloc, Drawable, IDChoice, Value

This request creates a pixmap and assigns the identifier pid to it. The width and height must be
nonzero (or &/alue error results). The depth must be one of the depths supported by the root of
the specified draable (or aValue error results). The initial contents of the pixmap are unde-
fined.

It is legd to pass annputOnly window as a dawable to this request.

FreePixmap
pixmap PIXMAP
Errors: Pixmap

This request deletes the association between the resource ID and the pixmap. The pixmap storage
will be freed when no other resource references it.

CreateGC

cid: GCONTEXT
drawable DRAWABLE
value-maskBITMASK
value-list LISTofVALUE

Errors: Alloc, Drawable, Font, IDChoice, Match, Pixmap, Value

This request creates a graphics context and assigns the identifier cid to it. The gcontext can be
used with ap destination dravable having the same root and depth as the specifiadioleg use
with other dravables results in &atch error.

The value-mask and value-list specify which components are to be explicitly initialized. The con-
text components are:

Component Type

function {Clear, And, AndReverse, Copy, Andinverted, NoOp, Xor,
Or, Nor, Equiv, Invert, OrReverse, Copylnverted,
Orinverted, Nand, Set}

plane-mask CARD32

foreground CARD32

background CARD32

line-width CARD16

line-style {Solid, OnOffDash, DoubleDash
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Component

Type

cap-style
join-style

fill-style

fill-rule

arc-mode

tile

stipple
tile-stipple-x-origin
tile-stipple-y-origin
font
subwindow-mode

graphics-exposures

clip-x-origin
clip-y-origin
clip-mask
dash-offset
dashes

{NotLast, Butt, Round, Projecting}
{Miter , Round, Bevel}
{ Solid, Tiled, OpaqueStippled, Stippled}
{ EvenOdd, Winding}

Lhord, PieSlicg
PIXMAP

PIXMAP

INT16

INT16

FONT

ClipByChildren , Includelnferiors }

BOOL

INT16

INT16

PIXMAP orNone

CARD16

CARDS8

In graphics operations,\gn a ource and destination pixel, the result is computed bitwise on cor-
responding bits of the pixels; that is, a Boolean operation is performed in each bit plane. The
plane-mask restricts the operation to a subset of planes, so the result is:

((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 meanings of the functions are:

Function Operation

Clear 0

And src AND dst
AndReverse src AND (NOT dst)
Copy src

Andinverted (NQOT src) AND dst
NoOp dst

Xor src XOR dst

Or src OR dst

Nor (NOT src) AND (NOT dst)
Equiv (NQOT src) XOR dst
Invert NOT dst

OrReverse src OR (NQ dst)
Copylnverted NOT src

Orlnverted (NOT src) OR dst

Nand (NQOT src) OR (NO dst)
Set 1
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The line-width is measured in pixels and can be greater than or equal to one, a wide line, or the
special value zero, a thin line.

Wide lines are drawn centered on the path described by the graphics request. Unless otherwise
specified by the join 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), yl+(w*cs/2)], [x1+(w*sn/2), yl1-(w*cs/2)],
[X2—-(w*sn/2), y2+(w*cs/2)], [x2+(w*sn/2), y2—(w*cs/2)]

The sn is the sine of the angle of the line and cs is the cosine of the angle of tAepiixe.is

part of the line (and hence 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 if the interior or the
boundary is immediately to the right (x increasing direction). Note that this description is a math-
ematical model describing the pixels that are drawn for a wide line and does not imply that
trigonometry is required to implement such a model. Real or fixed point arithmetic is recom-
mended for computing the corners of the line endpoints for lines greater than one pixel in width.

Thin lines (zero line-width) are nominally one pixel wide lines drawn using an unspecified,
device-dependent algorithm. There are onlg tanstraints on this algorithm. First, if a line is
drawn unclipped from [x1,y1] to [x2,y2] and another line is drawn unclipped from [x1+dx,y1+dy]
to [x2+dx,y2+dy], then 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. Second, the effexti of points compris-

ing a line cannot be affected by clipping. Thus, 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.

Note that a wide line drawn from [x1,y1] to [x2,y2\alys draws the same pixels as a wide line
drawn from [x2,y2] to [x1,y1], not counting cap-style and join-style. Implementors are encour-
aged to mad this property true for thin lines, but it is not requiredline-width of zero may dif-

fer from a line-width of one in which pixels are wra Ingeneral, drawing a thin line will be

faster than drawing a wide line of width one, but thin lines may not mix well aesthetically with
wide lines because of the different drawing algorithms. If it is desirable to obtain precise and uni-
form results across all displays, a client shoultbgs use a line-width of one, rather than a line-
width of zero.

The line-style defines which sections of a line are drawn:
Solid The full path of the line is drawn.

DoubleDash The full path of the line is drawn, but theea dashes are filled differently
than the odd dashes (see fill-style), withtt cap-style used whereen and
odd dashes meet.

OnOffDash Only the @en dashes are drawn, and cap-style applies to all internal ends of
the individual dashes (excelbtLast is treated a8utt).

The cap-style defines Wwahe endpoints of a path are drawn:

NotLast The result is equalent to Butt, except that for a line-width of zero the final
endpoint is not drawn.
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Butt The result is square at the endpoint (perpendicular to the slope of the line)
with no projection beyond.

Round The result is a circular arc with its diameter equal to the line-width, centered
on the endpoint; it is equalent to Butt for line-width zero.

Projecting The result is square at the end, but the path continues beyond the endpoint for
a dstance equal to half the line-width; it is eeplent to Butt for line-width
zero.

The join-style defines kocorners are drawn for wide lines:

Miter The outer edges of the tvines extend to meet at an angle. Hoeveif the
angle is less than 11 degree®eve join-style is used instead.

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

Bevel The result iButt endpoint styles, and then the triangular notch is 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:

NotLast thin This is device-dependent, but the desired effect is that nothing is
drawn.

Butt thin This is device-dependent, but the desired effect is that a single pixel
is drawn.

Round thin This is the same &utt /thin.

Projecting thin This is the same a&utt /thin.

Butt wide Nothing is drawn.

Round wide The closed path is a circle, centered at the endpoint and with a diam-

eter equal to the line-width.

Projecting wide The closed path is a square, aligned with the coordinate axes, cen-
tered at the endpoint and with 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 thewhiale 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 interpretedectathe

origin of whateer destination dravable is specified in a graphics request.

The tile pixmap must va the same root and depth as the gcontext (datch error results).

The stipple pixmap must e depth one and must )& the same root as the gcontext (or a

Match error results).For fill-style Stippled (but not fill-style OpaqueStippled), the stipple pat-

tern is tiled in a single plane and acts as an additional clip mask to be ANDed with the clip-mask.
Any size pixmap can be used for tiling or stippling, although some sizes may be faster to use than
others.
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The fill-style defines the contents of the source for line, text, and fill requrestall text and fill
requests (for exampl®odyText8, PayTextl6, PayFillRectangle, FillPoly, and PayFillArc )
as well as for line requests with line-sty@elid, (for example PdyLine , PaySegment
PdyRectangle, PayArc ) and for the gen dashes for line requests with line-stydmOffDash
or DoubleDash

Solid Foreground
Tiled Tile

OpaqueStippled A tile with the same width and height as stipple but with background
evaywhere stipple has a zero and with foregrowaheavhere stipple
has a one

Stippled Foreground masked by stipple

For the odd dashes for line requests with line-sBtaibleDash

Solid Background

Tiled Same as forven dashes
OpaqueStippled Same as forven dashes
Stippled Background masked by stipple

The dashes value allowed here is actually a simplified form of the more general patterns that can
be set withSetDashes Specifying a value of N here is egalent to specifying the tavdement

list [N, N]in SetDashes The value must be nonzero (oWalue error results). The meaning of
dash-offset and dashes are explained irS#stashegequest.

The clip-mask restricts writes to the destinatiomdide. Onlypixels where the clip-mask has

bits set to 1 are dwan. Pixels are not drawn outside the aregeced by the clip-mask or where

the clip-mask has bits set to 0. The clip-mask affects all graphics requests, but it does not clip
sources. Thelip-mask origin is interpreted rela# © the origin of whateer destination draw-

able is specified in a graphics request. If a pixmap is specified as the clip-mask, itwaust ha
depth 1 and hae the same root as the gcontext (dviatch error results). If clip-mask iblone,

then pixels are alays drawn, rgardless of the clip origin. The clip-mask can also be set with the
SetClipRectanglesrequest.

For ClipByChildren , both source and destination windows are additionally clipped by all view-
able InputOutput children. Fr Includelnferiors , neither source nor destination wirvdds

clipped by inferiors. This will result in including subwind@ontents in the source and drawing
through subwindw boundaries of the destination. The usdrafiudelnferiors with a source or
destination winde of one depth with mapped inferiors of differing depth is nogdlebut the
semantics is undefined by the core protocol.

The fill-rule defines what pixels are inside (that is, are drawn) for pat&rsigi FillPoly
requests.EvenOdd means a point is inside if an infinite ray with the point as origin crosses the
path an odd number of timeEor Winding, a point is inside if an infinite ray with the point as

origin crosses an unequal number of clockwise and counterclockwise directecgpaghtse A
clockwise directed path segment is one that crosses the ray from left to right as observed from the
point. Acounter-clockwise segment is one that crosses the ray from right to left as observed from
the point. The case where a directed line segment is coincident with the ray is uninteresting
because one can simply choose a different ray that is not coincident with a segment.

For both fill rules, a point is infinitely small and the path is an infinitely thin lidgixel is
inside if the center point of the pixel is inside and the center point is not on the bouhdaey
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center point is on the boundatlye pixel is inside if and only if the polygon interior is immedi-
ately to its right (x increasing direction). Pixels with centers along a horizontal edge are a special
case and are inside if and only if the polygon interior is immediatelwl{gloncreasing direc-

tion).

The arc-mode controls filling in theadlyFillArc request.

The graphics-exposures flag contr@eaphicsExposure event generation folCopyArea and
CopyPlanerequests (and grsimilar requests defined by extensions).

The default component values are:

Component Default

function Copy

plane-mask all ones

foreground 0

background 1

line-width 0

line-style Solid

cap-style Butt

join-style Miter

fill-style Solid

fill-rule EvenOdd

arc-mode PieSlice

tile Pixmap of unspecified size filled with foreground pixel
(that is, client specified pixel if gndse 0)
(subsequent changes to foreground do not affect this pixmap)

stipple Pixmap of unspecified size filled with ones

tile-stipple-x-origin - 0

tile-stipple-y-origin 0

font <server-dependent-font>
subwindow-mode  ClipByChildren
graphics-exposures True

clip-x-origin 0

clip-y-origin 0

clip-mask None

dash-offset 0

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

Storing a pixmap in a gcontext might or might not result in § bephg made. If the pixmap is

later used as the destination for a graphics request, the change might or might not be reflected in
the gcontet. If the pixmap is used simultaneously in a graphics request as both a destination and
as a tile or stipple, the results are not defined.

It is quite likely that some amount of gcontext information will be cached in display hardware and
that such hardware can only cache a small number of g¢en@iven the number and complex-

ity of components, clients should wiewitching between gcontexts with nearly identical state as
significantly more expengt than making minor changes to a single gcontext.
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ChangeGC

gc: GCONTEXT
value-maskBITMASK
value-list LISTofVALUE

Errors: Alloc, Font, GContext, Match, Pixmap, Value

This request changes components in gc. The value-mask and value-list specify which compo-
nents are to be changed. The values and restrictions are the sam€raatetC.

Changing the clip-mask alse@rides a previousSetClipRectanglesrequest on the context.
Changing dash-offset or dashe®mides ay previousSetDashegequest on the context.

The order in which components are verified and altered is sgependent. 1&n error is gener-
ated, a subset of the components masehmen altered.

CopyGC

src-gg dst-gc GCONTEXT
value-maskBITMASK

Errors: Alloc, GContext, Match, Value

This request copies components from src-gc to dst-gc. The value-mask specifies which compo-
nents to cop as for CreateGC. The two gcontexts must he the same root and the same depth
(or aMatch error results).

SetDashes

gc: GCONTEXT
dash-offsetCARD16
dashesLISTofCARDS

Errors: Alloc, GContext, Value

This request sets dash-offset and dashes in gc for dashed line styles. Dashes cannot be empty (or
a Value error results). Specifying an odd-length list is eglaint to specifying the same list con-
catenated with itself to produce aree-length list. The initial and alternating elements of dashes

are the een dashes; the others are the odd dashes. Each element specifies a dash length in pixels.
All of the elements must be nonzero (ovaue error results). The dash-offset defines the phase

of the pattern, specifying lomary pixels into dashes the pattern should actually begin in any

single graphics request. Dashing is continuous through path elements combined with a join-style
but is reset to the dash-offset between each sequence of joined lines.

The unit of measure for dashes is the same as in the ordinary coordinate system.aldsesdily

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.

For any graphics primitve, the computation of the endpoint of an individual dash only depends
on the geometry of the primit, the start position of the dash, the direction of the dash, and the
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dash length.

For any graphics primitve, the total set of pixels used to render the primitboth even and odd
numbered dash elements) willoubleDashline-style is the same as the set of pixels used to ren-
der the primitve with Solid line-style.

For any graphics primitve, if the primitive is drawn with OnOffDash or DoubleDashline-style
unclipped at position [x,y] and again at position [x+dx,y+dy], then a point [x1,y1] is included in a
dash in the first instance if and only if the point [x1+dx,y1+dy] is included in the dash in the sec-
ond instance. In addition, the effe&iset of points comprising a dash cannot be affected by clip-
ping. Apointis included in a clipped dash if and only if the point lies inside the clipping region
and the point would be included in the dash when drawn unclipped.

SetClipRectangles

gc: GCONTEXT

clip-x-origin, clip-y-origin: INT16

rectangles LISTofRECTANGLE

ordering: { UnSorted, YSorted, YXSorted, YXBanded}

Errors: Alloc, GContext, Match, Value

This request changes clip-mask in gc to the specified list of rectangles and sets the clip origin.
Output will be clipped to remain contained within the rectangles. The clip origin is interpreted
relative 1o the origin of whateer destination dravable is specified in a graphics request. The rect-
angle coordinates are interpreted rgkatp the clip origin. The rectangles should be noninter-
secting, or graphics results will be undefined. Note that the list of rectangles can hendrichty
effectively disables output. This is the opposite of pasdlage as the clip-mask ilCreateGC

and ChangeGC.

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 server may generatévatch error, but it is not required to do so. If no error is generated, the
graphics results are undefinednSorted means that the rectangles are in arbitrary order.
YSorted means that the rectangles are nondecreasing in their Y olgiforted additionally
constrainsy Sorted order in that all rectangles with an equal Y origin are nondecreasing in their
X origin. YXBanded additionally constrain¥ XSorted by requiring that, forwery possible Y
scanline, all rectangles that include that scanlive figentical Y origins and Y extents.

FreeGC
gc: GCONTEXT
Errors: GContext

This request deletes the association between the resource ID and the gcontext and destroys the
gcontext.
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ClearArea

window. WINDOW

X, Y. INT16

width, height CARD16
exposures BOOL

Errors: Match, Value, Window

The x and y coordinates are relatio the windows arigin and specify the upper-left corner of

the rectangle. If width is zero, it is replaced with the current width of the windous x. If

height is zero, it is replaced with the current height of the windimus y If the windav has a

defined background tile, the rectangle is tiled with a plane-mask of all ones and fun&@iopyof

and a subwindow-mode @lipByChildren . If the windav has backgroundNone, the contents

of the windav are not changed. In either case, if exposurel ige, then one or more exposure
events are generated for regions of the rectangle that are either visible or are being retained in a
backing store.

It is aMatch error to use anputOnly window in this request.

CopyArea

src-drawable dst-drawable DRAWABLE
gc: GCONTEXT

src-x, src-y: INT16

width, height CARD16

dst-x dst-y: INT16

Errors: Drawable, GContext, Match

This request combines the specified rectangle of swabta with the specified rectangle of dst-
drawable. Thesrc-x and src-y coordinates are relatib sc-dravable’s arigin. Thedst-x and

dst-y are relatie  dst-dravable’s arigin, each pair specifying the upper-left corner of the rectan-
gle. Thesrc-dravable must hage the same root and the same depth as dstatita (or aMatch

error results).

If regions of the source rectangle are obscured avel tmd been retained in backing store or if
regions outside the boundaries of the sourcevabie are specified, then those regions are not
copied, but the following occurs on all corresponding destination regions that are either visible or
are retained in backing-store. If the dstvdsiale is a windw with a background other than

None, these corresponding destination regions are tiled (with plane-mask of all ones and function
Copy) with that background. Ryrdless of tiling and whether the destination is a wimdoa

pixmap, if graphics-exposures in gclisue, then GraphicsExposure events for all correspond-

ing destination regions are generated.

If graphics-exposures i& ue but no GraphicsExposure events are generated, therNeExpo-
sure event is generated.

GC components: function, plane-mask, subwindow-mode, graphics-exposures, clip-x-origin, clip-
y-origin, clip-mask
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CopyPlane

src-drawable dst-drawable DRAWABLE
gc: GCONTEXT

src-x, src-y: INT16

width, height CARD16

dst-x dst-y. INT16

bit-plane CARD32

Errors: Drawable, GContext, Match, Value

The src-dravable must hee the same root as dst-grable (or aMatch error results), but it need

not hare the same depth. The bit-plane musténedactly one bit set to 1 and the value of bit-

plane must be less thah @heren is the depth of src-dveable (or aValue error results). Effec-
tively, a gxmap of the same depth as dstwisble and with size specified by the source region is
formed using the foreground/background pixels in gc (foregrovegwehere the bit-plane in src-
dravable contains a bit set to 1, backgrourdrgwhere the bit-plane contains a bit set to 0), and
the equiaent of aCopyArea is performed, 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-style of
OpaqueStippledfor filling a rectangular area of the destination.

GC components: function, plane-mask, foreground, background, subwindow-mode, graphics-
exposures, clip-x-origin, clip-y-origin, clip-mask

PdyPoint

drawable DRAWABLE

gc: GCONTEXT

coordinate-mode{ Origin , Previous}
points. LISTofPOINT

Errors: Drawable, GContext, Match, Value

This request combines the foreground pixel in gc with the pixel at each point inwabldra
The points are drawn in the order listed.

The first point is aliays relatve o the dravable’s aigin. Therest are relatie gther to that origin
or the previous point, depending on the coordinate-mode.

GC components: function, plane-mask, foreground, subwindow-mode, clip-x-origin, clip-y-ori-
gin, clip-mask

PayLine

drawable DRAWABLE

gc: GCONTEXT

coordinate-mode{ Origin , Previous}
points. LISTofPOINT

Errors: Drawable, GContext, Match, Value

This request draws lines between each pair of points (point[i], point[i+1]). The lines are drawn in
the order listed. The lines join correctly at all intermediate points, and if the first and last points
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coincide, the first and last lines also join correctly.

For any given line, no pixel is drawn 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 were a single filled shape.

The first point is alays relative o the dravable’s aigin. Therest are relate dther to that origin
or the previous point, depending on the coordinate-mode.

When either of the tavlines irvolved in aBevel join is neither vertical nor horizontal, then the
slope and position of the line segment defining tivellpein edge is implementation dependent.
However, the computation of the slope and distance (reddti the join point) only depends on
the line width and the slopes of theotlines.

GC components: function, plane-mask, line-width, line-style, cap-style, join-style, fill-style, sub-
window-mode, clip-x-origin, clip-y-origin, clip-mask

GC mode-dependent components: foreground, background, tile, stipple, tile-stipple-x-origin, tile-
stipple-y-origin, dash-offset, dashes

PdySegment

drawable DRAWABLE
gc: GCONTEXT
segmentsLISTofSEGMENT

where:
SEGMENT [x1, y1, x2, y2: INT16]
Errors: Drawable, GContext, Match

For each segment, this request draws a line between [x1, y1] and [x2, y2]. The lines are drawn in
the order listed. No joining is performed at coincident endpoifrtsany gven line, no pixel is
drawn more than once. If lines intersect, the intersecting pixels are drawn multiple times.

GC components: function, plane-mask, line-width, line-style, cap-style, fill-style, subwindow-
mode, clip-x-origin, clip-y-origin, clip-mask

GC mode-dependent components: foreground, background, tile, stipple, tile-stipple-x-origin, tile-
stipple-y-origin, dash-offset, dashes

PdyRectangle

drawable DRAWABLE
gc: GCONTEXT
rectangles LISToOfRECTANGLE

Errors: Drawable, GContext, Match

This request draws the outlines of the specified rectangles, as if a fivdRplgitine were speci-
fied for each rectangle:

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

The x and y coordinates of each rectangle are vel@tithe dravable’s arigin and define the
upper-left corner of the rectangle.
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The rectangles are drawn in the order listEd. any given rectangle, no pixel is drawn more than
once. Ifrectangles intersect, the intersecting pixels are drawn multiple times.

GC components: function, plane-mask, line-width, line-style, cap-style, join-style, fill-style, sub-
window-mode, clip-x-origin, clip-y-origin, clip-mask

GC mode-dependent components: foreground, background, tile, stipple, tile-stipple-x-origin, tile-
stipple-y-origin, dash-offset, dashes

PalyArc

drawable DRAWABLE
gc: GCONTEXT
arcs: LISTofARC

Errors: Drawable, GContext, Match

This request draws circular or elliptical arcs. Each arc is specified by a rectangl@angles.

The angles are signed integers in degrees scaled by 64, withigpbslicating counterclockwise
motion and ngative indicating clockwise motion. The start of the arc is specified by anglel rela-
tive © the three-o’clock position from the center of the rectangle, and the path and extent of the
arc is specified by angle2 relatito the start of the arc. If the magnitude of angle2 is greater than
360 degrees, it is truncated to 36@@®s. Thet and y coordinates of the rectangle are redati

to the origin of the dmaable. For an arc specified as [x,y,w,h,al,a2], the origin of the major and
minor axes is at [x+(w/2),y+(h/2)], and the infinitely thin path describing the entire circle/ellipse
intersects the horizontal axis at [x,y+(h/2)] and [x+w,y+(h/2)] and intersects the vertical axis at
[x+(w/2),y] and [x+(w/2),y+h]. These coordinates are not necessarily integral; thayisrehe

not truncated to discrete coordinates.

For a wide line with line-width v, the ideal bounding outlines for filling arevgn by the two

infinitely thin paths consisting of all points whose perpendicular distance from a tangent to the
path of the circle/ellipse is equal to Iw/2 (which may be a fracticedaky. Whenthe width and

height of the arc are not equal and both are nonzero, then the actual bounding outlines are imple-
mentation dependent. Hower, the computation of the shape and position of the bounding out-
lines (relatve o the center of the arc) only depends on the width and height of the arc and the
line-width.

The cap-style is applied the same as for a line corresponding to the tangent of the circle/ellipse at
the endpoint. When the angle of an arc face is not an integral multiple of 90 degrees, and the
width and height of the arc are both are nonzero, then the shape and position of the cap at that
face is implementation dependent. Hawre for aButt cap, the face is defined by a straight line,

and the computation of the position (relatio the center of the arc) and the slope of the line only
depends on the width and height of the arc and the angle of trecarcir other cap styles, the
computation of the position (relad o the center of the arc) and the shape of the cap only

depends on the width and height of the arc, the line-width, the angle of the arc face, and the direc-
tion (clockwise or counter clockwise) of the arc from the endpoint.

The join-style is applied the same as foo times corresponding to the tangents of the cir-
cles/ellipses at the join point. When the width and height of both arcs are nonzero, and the angle
of either arc face is not an integral multiple of 90 degrees, then the shape of the join is implemen-
tation dependent. Hower, the computation of the shape only depends on the width and height

of each arc, the line-width, the angles of the &r¢ faces, the direction (clockwise or counter
clockwise) of the arcs from the join point, and the redatrientation of the tw arc center points.
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For an ac specified as [x,y,w,h,al,a2], the angles must be specified in theveljeskewed

coordinate system of the ellipse (for a circle, the angles and coordinate systems 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:

skewed-angle = atan(tan(normal-angle) * w/h) + adjust

The slewed-angle and normal-angle are expressed in radians (rather than in degrees scaled by 64)
in the range [0,2*Pl). The atan returns a value in the range [-PI/2,PIl/2]. The adjust is:

0 for normal-angle in the range [0,P1/2)
Pl for normal-angle in the range [P1/2,(3*PI)/2)
2*P1  for normal-angle in the range [(3*P1)/2,2*PI)

The arcs are drawn in the order listed. If the last point in one arc coincides with the first point in
the following arc, the tevarcs will join correctly If the first point in the first arc coincides with

the last point in the last arc, theaharcs will join correctly For ary given arc, no pixel is drawn

more than once. If tavarcs join correctly and the line-width is greater than zero and the arcs
intersect, no pixel is drawn more than once. Otherwise, the intersecting pixels of intersecting 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 anabepii counterclockwise extent, except as

it affects joins.

By specifying one axis to be zero, a horizontal or vertical line can be drawn.

Angles are computed based solely on the coordinate system, ignoring the aspect ratio.

GC components: function, plane-mask, line-width, line-style, cap-style, join-style, fill-style, sub-
window-mode, clip-x-origin, clip-y-origin, clip-mask

GC mode-dependent components: foreground, background, tile, stipple, tile-stipple-x-origin, tile-
stipple-y-origin, dash-offset, dashes

FillPoly

drawable DRAWABLE

gc: GCONTEXT

shape { Complex, Noncorvex, Convex}
coordinate-mode{ Origin , Previous}
points. LISTofPOINT

Errors: Drawable, GContext, Match, Value

This request 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 point. No pixel of the region is drawn more
than once.

The first point is alays relatve o the dravable’s aigin. Therest are relate @ther to that origin
or the previous point, depending on the coordinate-mode.

The shape parameter may be used by the server tovienpedormance.Complex means the
path may self-intersect. Contiguous coincident points in the path are not treated as self-intersec-
tion.

Noncorvex means the path does not self-intersect, but the shape is not whetxcdrknown
by the client, specifyindgNoncorvex over Complex may imprave performance. IfNoncorvex is

54



specified for a self-intersecting path, the graphics results are undefined.

Convex means that fonary pair of points inside the polygon, the line segment connecting them
does not intersect the path. If known by the client, specif¢iagvex can imprae performance.
If Convex is specified for a path that is not ger, the graphics results are undefined.

GC components: function, plane-mask, fill-style, fill-rule, subwindow-mode, clip-x-origin, clip-y-
origin, clip-mask

GC mode-dependent components: foreground, background, tile, stipple, tile-stipple-x-origin, tile-
stipple-y-origin

PdyFillRectangle

drawable DRAWABLE
gc: GCONTEXT
rectangles LISTOfRECTANGLE

Errors: Drawable, GContext, Match

This request fills the specified rectangles, as if a four-geliftoly were specified for each rect-
angle:

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

The x and y coordinates of each rectangle are velttithe dravable’s arigin and define the
upper-left corner of the rectangle.

The rectangles are drawn in the order listEd. any given rectangle, no pixel is drawn more than
once. Ifrectangles intersect, the intersecting pixels are drawn multiple times.

GC components: function, plane-mask, fill-style, subwindow-mode, clip-x-origin, clip-y-origin,
clip-mask

GC mode-dependent components: foreground, background, tile, stipple, tile-stipple-x-origin, tile-
stipple-y-origin

PayFillArc

drawable DRAWABLE
gc: GCONTEXT
arcs: LISTofARC

Errors: Drawable, GContext, Match

For each arc, this request fills the region closed by the infinitely thin path described by the speci-
fied arc and one or tine segments, depending on the arc-mdét®.Chord, the single line
segment joining the endpoints of the arc is ugent. PieSlice the two line segments joining the
endpoints of the arc with the center point are used.

For an ac specified as [x,y,w,h,al,a2], the origin of the major and minor axes is at
[x+(w/2),y+(h/2)], and the infinitely thin path describing the entire circle/ellipse intersects the
horizontal axis at [x,y+(h/2)] and [x+w,y+(h/2)] and intersects the vertical axis at [x+(w/2),y] and
[x+(w/2),y+h]. Thesecoordinates are not necessarily integral; that iy, alenot truncated to
discrete coordinates.
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The arc angles are interpreted as specified iPthgArc request. Whethe angle of an arc face

is not an integral multiple of 90 degrees, then the precise endpoint on the arc is implementation
dependent. Heever, for Chord arc-mode, the computation of the pair of endpoints (veldi

the center of the arc) only depends on the width and height of the arc and the angles of the two
arc faces. br PieSlicearc-mode, the computation of an endpoint only depends on the angle of
the arc face for that endpoint and the ratio of the arc width to arc height.

The arcs are filled in the order listelor any gven arc, no pixel is drawn more than once. If
regions intersect, the intersecting pixels are drawn multiple times.

GC components: function, plane-mask, fill-style, arc-mode, subwindow-mode, clip-x-origin, clip-
y-origin, clip-mask

GC mode-dependent components: foreground, background, tile, stipple, tile-stipple-x-origin, tile-
stipple-y-origin

Putimage

drawable DRAWABLE

gc: GCONTEXT

depth CARDS

width, height CARD16

dst-x dst-y. INT16

left-pad CARDS

format { Bitmap, XYPixmap, ZPixmap}
data: LISTofBYTE

Errors: Drawable, GContext, Match, Value

This request combines an image with a rectangle of theadi® Thedst-x and dst-y coordi-
nates are relate o the dravable’s arigin.

If Bitmap format is used, then depth must be one (btadch error results), and the image must
be in XY format. The foreground pixel in gc defines the source for bits set to 1 in the image, and
the background pixel defines the source for the bits set to 0.

For XYPixmap andZPixmap, the depth must match the depth of thendtde (or aMatch
error results).For XYPixmap, the image must be sent in XY form&or ZPixmap, the image
must be sent in the Z format defined for theegidepth.

The left-pad must be zero f@Pixmap format (or aMatch error results).For Bitmap and
XYPixmap format, left-pad must be less than bitmap-scanline-padras igi the server connec-
tion setup information (or Batch error results). The first left-pad bits imegy scanline are to

be ignored by the servelrhe actual image begins that ngdiits into the data. The width argu-
ment defines the width of the actual image and does not include left-pad.

GC components: function, plane-mask, subwindow-mode, clip-x-origin, clip-y-origin, clip-mask

GC mode-dependent components: foreground, background
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Getlmage

drawable DRAWABLE

X, ¥Y: INT16

width, height CARD16
plane-maskCARD32

format { XYPixmap, ZPixmap}

—

depth: CARDS
visual: VISUALID or None
data: LISTofBYTE

Errors: Drawable, Match, Value

This request returns the contents of themgrectangle of the dreable in the gien format. Thex

and y coordinates are reladito the dravable’s arigin and define the upper-left corner of the rect-
angle. IfXYPixmap is specified, only the bit planes specified in plane-mask are transmitted,

with the planes appearing from most significant to least significant in bit dfd&Pixmap is

specified, then bits in all planes not specified in plane-mask are transmitted as zero. Range check-
ing is not performed on plane-mask; extraneous bits are simply ignored. The returned depth is as
specified when the dnable was created and is the same as a depth component in a FORMAT
structure (in the connection setup), not a bits-per-pixel component. If thabiieds a windu,

its visual type is returned. If the dvable is a pixmap, the visual I[Sone.

If the drawable is a pixmap, then thevgn rectangle must be wholly contained within the pixmap

(or aMatch error results). If the dreable is a windw, the windav must be vigvable, and it

must be the case that, if there were no inferiorsremlapping windows, the specified rectangle of

the windav would be fully visible on the screen and wholly contained within the outside edges of
the windav (or aMatch error results). Note that the borders of the wimaan be included and

read with this request. If the winddhas a backing store, then the backing-store contents are
returned for regions of the winaathat are obscured by noninferior windows; otherwise, the
returned contents of such obscured regions are undefined. Also undefined are the returned con-
tents of visible regions of inferiors of different depth than the specified windlbe pointer cur-

sor image is not included in the contents returned.

This request is not general-purpose in the same sense as other graphics-related requests. Itis
intended specifically for rudimentary hardgauoipport.
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PdyText8

drawable DRAWABLE
gc: GCONTEXT

X, y: INT16

items LISTofTEXTITEMS8

where:

TEXTITEM8: TEXTELT8 or FONT
TEXTELT8: [delta:INT8
string: STRINGS]

Errors: Drawable, Font, GContext, Match

The x and y coordinates are relatio the dravable’s arigin and specify the baseline starting

position (the initial character origin). Each text item is processed in Aifont item causes the

font to be stored in gc and to be used for subsequdant3aitchingamong fonts does not affect

the next character originA text element delta specifies an additional change in the position along
the x axis before the string is drawn; the deltavisagd added to the character origin. Each char-
acter image, as defined by the font in gc, is treated as an additional mask for a fill operation on the
dravable.

All contained FONTSs arewahbys transmitted most significant byte first.
If a Font error is generated for an item, the previous items meg been drawn.

For fonts defined with 2-byte matrix indexing, each STRINGS byte is interpreted as a byte2 value
of a CHAR2B with a bytel value of zero.

GC components: function, plane-mask, fill-style, font, subwindow-mode, clip-x-origin, clip-y-ori-
gin, clip-mask

GC mode-dependent components: foreground, background, tile, stipple, tile-stipple-x-origin, tile-
stipple-y-origin

PdyText16

drawable DRAWABLE

gc: GCONTEXT

X, y: INT16

items LISTOfTEXTITEM16

where:

TEXTITEM16: TEXTELT16 or FONT
TEXTELT16: [deltaiINT8
string: STRING16]

Errors: Drawable, Font, GContext, Match

This request is similar tBolyText8, except 2-byte (or 16-bit) characters are used. fonts

defined with linear indexing rather than 2-byte matrix indexing, the server will interpret each
CHAR2B as a 16-bit number that has been transmitted most significant byte first (that is, bytel of
the CHARZ2B is taken as the most significant byte).
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ImageText8

drawable DRAWABLE
gc: GCONTEXT

X, y: INT16

string: STRING8

Errors: Drawable, GContext, Match

The x and y coordinates are relatio the dravable’s aigin and specify the baseline starting
position (the initial character origin). The effect is first to fill a destination rectangle with the
background pixel defined in gc and then to paint the text with the foregrowid Pheupper-
left corner of the filled rectangle is at:

[X, y — font-ascent]

the width is:

overall-width

and the height is:

font-ascent + font-descent

The overall-width, font-ascent, and font-descent are ag Weuld be returned by QueryTex-
tExtents call using gc and string.

The function and fill-style defined in gc are ignored for this request. The edféatiction is
Copy, and the effectie fill-style Solid.

For fonts defined with 2-byte matrix indexing, each STRINGS byte is interpreted as a byte2 value
of a CHAR2B with a bytel value of zero.

GC components: plane-mask, foreground, background, font, subwindow-mode, clip-x-origin,
clip-y-origin, clip-mask

ImageText1l6

drawable DRAWABLE
gc: GCONTEXT

X, y: INT16

string: STRING16

Errors: Drawable, GContext, Match

This request is similar tbmageText8, except 2-byte (or 16-bit) characters are used. fonts

defined with linear indexing rather than 2-byte matrix indexing, the server will interpret each
CHARZ2B as a 16-bit number that has been transmitted most significant byte first (that is, bytel of
the CHARZ2B is taken as the most significant byte).
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CreateColormap

mid: COLORMAP
visual: VISUALID

window. WINDOW
alloc: { None, All }

Errors: Alloc, IDChoice, Match, Value, Window

This request creates a colormap of the specified visual type for the screen on which the window
resides and associates the identifier mid with it. The visual type must be one supported by the
screen (or aatch error results). The initial values of the colormap entries are undefined for
classesGrayScale, PseudoColor, and DirectColor. For StaticGray, StaticColor, and Tr ue-

Color, the entries will hee defined values, but those values are specific to the visual and are not
defined by the core protocdfor StaticGray, StaticColor, and Tr ueColor, dloc must be spec-

ified asNone (or aMatch error results).For the other classes, if alloc iéone, the colormap

initially has no allocated entries, and clients can allocate entries.

If alloc is All , then the entire colormap is allocated writable. The initial values of all allocated
entries are undefinedcor GrayScale and PseudoColor, the effect is as if alllocColorCells

request 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 alllocColorPlanes request 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. Mexven dl cases, none of these entries can

be freed withFreeColors.

FreeColormap
cmap COLORMAP
Errors: Colormap

This request deletes the association between the resource ID and the colormap and frees the col-
ormap storage. If the colormap is an installed map for a screen, it is uninstall&thijssizll-

Colormap request). Ithe colormap is defined as the colormap for a win(lty means oCre-
ateWindow or ChangeWindowAttributes), the colormap for the windois changed tadNone,

and aColormapNotify event is generated. The protocol does not define the colors displayed for

a window with a colormap ofNone.

This request has no effect on a default colormap for a screen.

CopyColormapAndFree
mid, src-cmap COLORMAP
Errors: Alloc, Colormap, IDChoice

This request creates a colormap of the same visual type and for the same screen as src-cmap, and
it associates identifier mid with it. It also mes dl of the clients existing allocations from src-

cmap to the ne colormap with their color values intact and their read-only or writable character-
istics intact, and it frees those entries in src-cmap. Color values in other entries i tiod-ne

ormap are undefined. If src-cmap was created by the client withAdlldqseeCreateColormap
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request), then the wecolormap is also created with all@dl , al color values for all entries are

copied from src-cmap, and then all entries in src-cmap are freed. If src-cmap was not created by
the client with allocAll , then the allocations to be weul are all those pixels and planes thatda

been allocated by the client using eitidiocColor, AllocNamedColor, AllocColorCells, or
AllocColorPlanes and that hee rot been freed since thavere allocated.

InstallColormap
cmap COLORMAP
Errors: Colormap

This request makes this colormap an installed map for its screen. All windows associated with
this colormap immediately display with true colors. As a side effect, additional colormaps might
be implicitly installed or uninstalled by the serv@Yhich other colormaps get installed or unin-
stalled is server-dependent except that the required list must remain installed.

If cmap is not already an installed mapgZalormapNotify event is generated orvery window
having cmap as an attudte. Inaddition, for @ery other colormap that is installed or uninstalled
as a result of the requestCalormapNotify event is generated orvery window having that col-
ormap as an attribute.

At arny time, there is a subset of the installed maps that are viewed as an ordered list and are
called the required list. The length of the required list is at most M, where M is the min-installed-
maps specified for the screen in the connection setup. The required list is maintained as follows.
When a colormap is an explicit argumentnstallColormap , it is added to the head of the list;

the list is truncated at the tall, if necessamkeep the length of the list to at most M. When a
colormap is an explicit argument tninstallColormap and it is in the required list, it is

removed from the list. A colormap is not added to the required list when it is installed implicitly

by the serverand the server cannot implicitly uninstall a colormap that is in the required list.

Initially the default colormap for a screen is installed (but is not in the required list).

UninstallColormap
cmap COLORMAP
Errors: Colormap

If cmap is on the required list for its screen (BestallColormap request), it is remad from

the list. As a side effect, cmap might be uninstalled, and additional colormaps might be implicitly
installed or uninstalled. Which colormaps get installed or uninstalled is server-dependent except
that the required list must remain installed.

If cmap becomes uninstalled ColormapNotify event is generated orvery window having
cmap as an attritte. Inaddition, for @ery other colormap that is installed or uninstalled as a
result of the request, @olormapNotify event is generated orvery window having that col-
ormap as an attribute.
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ListInstalledColormaps
window. WINDOW

—

cmaps: LISTofCOLORMAP
Errors: Window

This request returns a list of the currently installed colormaps for the screen of the specified win-
dow. The order of colormaps is not significant, and there is no explicit indication of the required
list (seelnstallColormap request).

AllocColor

cmap COLORMAP
red, green blue: CARD16

—

pixel: CARD32
red, green, blue: CARD16

Errors: Alloc, Colormap

This request allocates a read-only colormap entry corresponding to the closest RGB values pro-
vided by the hardare. Italso returns the pixel and the RGB values actually used. Multiple
clients requesting the same effeetRGB values can be assigned the same read-only; elidky-

ing entries to be shared.

AllocNamedColor

cmap COLORMAP
name STRING8

—

pixel: CARD32
exact-red, exact-green, exact-blue: CARD16
visual-red, visual-green, visual-blue: CARD16

Errors: Alloc, Colormap, Name

This request looks up the named color with respect to the screen associated with the colormap.
Then, it does allocColor on cmap. The name should use the ISO Latin-1 encoding, and
uppercase and lowercase do not maffére exact RGB values specify the true values for the
color, and the visual values specify the values actually used in the colormap.
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AllocColorCells

cmap COLORMAP
colors planes CARD16
contiguous BOOL

—

pixels, masks: LISTofCARD32
Errors: Alloc, Colormap, Value

The number of colors must be posgiand the number of planes must be nagdige (or a

Value error results). If C colors and P planes are requested, then C pixels and P masks are
returned. Namask will hae any lits in common with apother mask or with anof the pixels.

By ORing together masks and pixels, Etfistinct pixels can be produced:; all of these are allo-
cated writable by the requedtor GrayScale or PseudoColor, each mask will hee exactly one
bit set to 1; forDirectColor, each will hare exactly three bits set to 1. If contiguousTisue and

if all masks are ORed togetharsngle contiguous set of bits will be formed fGrayScale or
PseudoColor, and three contiguous sets of bits (one within each pixel subfieldifectColor .
The RGB values of the allocated entries are undefined.

AllocColorPlanes

cmap COLORMAP
colors reds greensblues CARD16
contiguous BOOL

—

pixels: LISTOfCARD32
red-mask, green-mask, blue-mask: CARD32

Errors: Alloc, Colormap, Value

The number of colors must be posgtiand the reds, greens, and blues must be rgatine (or a
Value error results). If C colors, R reds, G greens, and B blues are requested, then C pixels are
returned, and the masksvieaR G, and B bits set, respeudly. If contiguous isTr ue, then each
mask will have a ©ntiguous set of bits. No mask willveany lits in common with apnother

mask or with ay of the pixels. For DirectColor, each mask will lie within the corresponding

pixel subfield. By ORing together subsets of masks with pixelst€*8 distinct pixels can be
produced; all of these are allocated writable by the request. The initial RGB values of the allo-
cated entries are undefined. In the colormap, there are onfji@@pendent red entries, 2
independent green entries, and Et@dependent blue entries. This is trverefor Pseudo-

Color. When the colormap entry for a pixel value is changed uStogeColors or Store-
NamedColor, the pixel is decomposed according to the masks and the corresponding indepen-
dent entries are updated.
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FreeColors

cmap COLORMAP
pixels LISTofCARD32
plane-maskCARD32

Errors: Access Colormap, Value

The plane-mask should notJgaany lits in common with ayof the pixels. Theset of all pixels

is produced by ORing together subsets of plane-mask with thks pikherequest frees all of
these pixels that were allocated by the client (ugithgcColor, AllocNamedColor, AllocCol-
orCells, and AllocColorPlanes). Notethat freeing an individual pixel obtained froflocCol-
orPlanesmay not actually all it to be reused until all of its related pixels are also freed. Simi-
larly, a read-only entry is not actually freed until it has been freed by all clients, and if a client
allocates the same read-only entry multiple times, it must free the entry thatimes) before

the entry is actually freed.

All specified pixels that are allocated by the client in cmap are freenljfeone or more pixels
produce an errorA Value error is generated if a specified pixel is not a validxnd& cmap.

An Accesserror is generated if a specified pixel is not allocated by the client (that is, is unallo-
cated or is only allocated by another client) or if the colormap was created with all entries
writable (using an alloc value @fll in CreateColormap). If more than one pixel is in erfdtis
arbitrary as to which pixel is reported.

StoreColors

cmap COLORMAP
items LISTofCOLORITEM

where:

COLORITEM:  [pixel: CARD32
do-red, do-green, do-blue: BOOL
red, green, blue: CARD16]

Errors: Access Colormap, Value

This request changes the colormap entries of the specifield.pikhedo-red, do-green, and do-
blue fields indicate which components should actually be changed. If the colormap is an installed
map for its screen, the changes are visible immediately.

All specified pixels that are allocated writable in cmap (bydient) are changedyen if one or

more pixels produce an erroh Value error is generated if a specified pixel is not a valid index
into cmap, and aAccesserror is generated if a specified pixel is unallocated or is allocated read-
only. If more than one pixel is in errdt is arbitrary as to which pixel is reported.
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StoreNamedColor

cmap COLORMAP

pixel: CARD32

name STRINGS

do-red do-green do-blue BOOL

Errors: Access Colormap, Name, Value

This request looks up the named color with respect to the screen associated with cmap and then
does aStoreColorsin cmap. The name should use the ISO Latin-1 encoding, and uppercase and
lowercase do not mattelhe Accessand Value errors are the same asStoreColors.

QueryColors

cmap COLORMAP
pixels LISTofCARD32

colors: LISTofRGB

where:

RGB: [red, green, blue: CARD16]
Errors: Colormap, Value

This request returns the hardware-specific color values stored in cmap for the specified pixels.
The values returned for an unallocated entry are undefine¢hlue error is generated if a pixel

is not a valid inde into cmap. If more than one pixel is in efnbis arbitrary as to which pixel is
reported.

LookupColor

cmap COLORMAP
name STRING8

—

exact-red, exact-green, exact-blue: CARD16
visual-red, visual-green, visual-blue: CARD16

Errors: Colormap, Name

This request looks up the string name of a color with respect to the screen associated with cmap
and returns both the exact color values and the closest values provided by the hardware with
respect to the visual type of cmap. The name should use the ISO Latin-1 encoding, and upper-
case and lowercase do not matter.
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CreateCursor

cid: CURSOR

source PIXMAP

mask PIXMAP or None

fore-red fore-greenfore-blue CARD16
back-red back-greenback-blue CARD16
X, y: CARD16

Errors: Alloc, IDChoice, Match, Pixmap

This request creates a cursor and associates identifier cid with it. The foreground and background
RGB values must be specifieder if the server only has &taticGray or GrayScale screen.

The foreground is used for the bits set to 1 in the source, and the background is used for the bits
set to 0. Both source and mask (if specified) muget ldapth one (or Match error results), but

they can hae any pot. Themask pixmap defines the shape of the curfbat is, the bits set to

1 in the mask define which source pixels will be displayed, and where the mask has bits set to 0,
the corresponding bits of the source pixmap are ignored. If no masieris gil pixels of the

source are displayed. The mask, if present, must be the same size as the soliedcforearor

results). Thes and y coordinates define the hotspot relato the sources arigin and must be a

point within the source (or Batch error results).

The components of the cursor may be transformed arbitrarily to meet display limitations.
The pixmaps can be freed immediately if no further explicit references to them are to be made.

Subsequent drawing in the source or mask pixmap has an undefined effect on therbersor
server might or might not maka py of the pixmap.

CreateGlyphCursor

cid: CURSOR

source-font FONT

mask-font FONT or None
source-charmask-char CARD16
fore-red fore-greenfore-blue CARD16
back-red back-greenback-blue CARD16

Errors: Alloc, Font, IDChoice, Value

This request is similar t€reateCursor, except the source and mask bitmaps are obtained from
the specified font glyphs. The source-char must be a defined glyph in source-font, and if mask-
font is gven, mask-char must be a defined glyph in mask-font {¢alae error results). The

mask font and character are optional. The origins of the source and mask (if it is defined) glyphs
are positioned coincidently and define the hotspot. The source and mask nee® et hBame
bounding box metrics, and there is no restriction on the placement of the hotspat tethe

bounding bors. Ifno mask is gien, all pixels of the source are displayed. Note that source-char
and mask-char are CARD16, not CHARZ2Bor 2-byte matrix fonts, the 16-bit value should be
formed with bytel in the most significant byte and byte2 in the least significant byte.

The components of the cursor may be transformed arbitrarily to meet display limitations.
The fonts can be freed immediately if no further explicit references to them are to be made.
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FreeCursor
cursor. CURSOR
Errors: Cursor

This request deletes the association between the resource ID and theThuestursor storage
will be freed when no other resource references it.

RecolorCursor

cursor: CURSOR
fore-red fore-greenfore-blue CARD16
back-red back-greenback-blue CARD16

Errors: Cursor

This request changes the color of a cur¢bthe cursor is being displayed on a screen, the
change is visible immediately.

QueryBestSize

class { Cursor, Tile, Stipple}
drawable DRAWABLE
width, height CARD16

—

width, height: CARD16
Errors: Drawable, Match, Value

This request returns the best size that is closest to the argumeriaiggursor, this is the
largest size that can be fully displaydebr Tile, this is the size that can be tileastest. Br
Stipple, this is the size that can be stippled fastest.

For Cursor, the dravable indicates the desired scredfor Tile and Stipple, the dravable indi-
cates the screen and also possibly the windass and depth. AmputOnly window cannot be
used as the dwnable for Tile or Stipple (or aMatch error results).

QueryExtension
name STRINGS

—

present: BOOL
major-opcode: CARDS8
first-event: CARDS
first-error: CARD8

This request determines if the named extension is present. If so, the major opcode for the exten-
sion is returned, if it has one. Otherwise, zero is returned. ndinor opcode and the request for-
mats are specific to thatension. Ifthe extension wolves additional gent types, the basevent
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type code is returned. Otherwise, zero is returned. The format ofdhis és specific to the
extension. Ifthe extension wolves additional error codes, the base error code is returned. Other-
wise, zero is returned. The format of additional data in the errors is specific to the extension.

The extension name should use the ISO Latin-1 encoding, and uppercase and lowercase matter.

ListExtensions

names: LISTofSTRINGS8
This request returns a list of all extensions supported by the server.

SetModifierMapping

keycodes-per-modifielCARDS8
keycodes LISTofKEYCODE

status: SuccessBusy, Failed}
Errors: Alloc, Value

This request specifies theycodes (if any) of thedys to be sed as modifiers. The number of
keycodes in the list must be 8codes-per-modifier (or bength error results). Thedycodes

are divided into eight sets, with each set containeygddes-per-modifier elements. The sets are
assigned to the modifie&hift, Lock, Control, Mod1, Mod2, Mod3, Mod4, and Mod5, in

order Only nonzero kycode values are used within each set; zero values are ignored. All of the
nonzero kycodes must be in the range specified by neyeide and maxdycode in the connec-

tion setup (or &/alue error results). The order oékcodes within a set does not mattémo

nonzero values are specified in a set, the use of the corresponding modifier is disabled, and the
modifier bit will alays be zero. Otherwise, the modifier bit will be one whrenat least one of

the lkeys in the corresponding set is in the down position.

A server can impose restrictions onshmodifiers can be changed (for example, if certayskdo
not generate up transitions in hardware, if auto-repeat cannot be disabled on egstainik
multiple keys per modifier are not supported). The status rephaited if some such restriction
is violated, and none of the modifiers is changed.

If the nav nonzero leycodes specified for a modifier differ from those currently defined and any
(current or new) &ys for that modifier are logically in the down state, then the status reply is
Busy, and none of the modifiers is changed.

This request generatedMappingNotify event on aSuccessstatus.

GetModifierMapping

—

keycodes-per-modifier: CARDS
keycodes: LISTofKEYCODE
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This request returns theycodes of the &ys being used as modifiers. The number efdodes

in the list is 8*leycodes-per-modifierThe keycodes are divided into eight sets, with each set
containing lkeycodes-per-modifier elements. The sets are assigned to the mdslifittrd_ock ,
Control, Mod1, Mod2, Mod3, Mod4, and Mod5, in order. The keycodes-per-modifier value

is chosen arbitrarily by the server; zeroes are used to fill in unused elements within each set. If
only zero values aregn in a ®t, the use of the corresponding modifier has been disabled. The
order of leycodes within each set is chosen arbitrarily by the server.

| ChangeKeyboardMapping

first-keycode KEYCODE
keysyms-per#ycode CARD8
keysyms LISTofKEYSYM

| Errors:Alloc, Value

This request defines the symbols for the specified numbeyoddtes, starting with the specified
keycode. Thesymbols for keycodes outside this range remained unchanged. The number of ele-
ments in the &ysyms list must be a multiple oéisyms-per-kycode (or a_ength error results).

The first-leycode must be greater than or equal to nd@yckde as returned in the connection

setup (or av/alue error results) and:

first-keycode + (leysyms-length / &ysyms-per-kycode) — 1

must be less than or equal to maydode as returned in the connection setup (¢alae error
results). KEYSYMnumber N (counting from zero) foeicode K has an inagcounting from
zero) of:

(K - first-keycode) * lkeysyms-per-kycode + N

in keysyms. Thekeysyms-per-kycode can be chosen arbitrarily by the client to be large enough
to hold all desired symbolsA special KEYSYM value oNoSymbol should be used to fill in
unused elements for individuadycodes. lis legd for NoSymbol to appear in nontrailing posi-
tions of the effectie list for a leycode.

This request generatedviappingNotify event.

There is no requirement that the server interpret this mapping; it is merely stored for reading and
writing by clients (see section 5).

l GetKeyboardMapping

first-keycode KEYCODE
count CARDS8

—

keysyms-per-kycode: CARDS8
keysyms: LISTOfKEYSYM

| Errors: Value

This request returns the symbols for the specified numbayobéles, starting with the specified
keycode. Thdirst-keycode must be greater than or equal to ndyckde as returned in the
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connection setup (or¥alue error results), and:

first-keycode + count — 1
must be less than or equal to maydode as returned in the connection setup (dalae error
results). Theaumber of elements in th@ysyms list is:

count * keysyms-per-kycode
and KEYSYM number N (counting from zero) fagykcode K has an inagcounting from zero)
of:

(K - first-keycode) * leysyms-per-kycode + N
in keysyms. Thekeysyms-per-kycode value is chosen arbitrarily by the server to be large

enough to report all requested symbdisspecial KEYSYM value oNoSymbolis used to fill in
unused elements for individuatycodes.

ChangeKeyboardControl

value-maskBITMASK
value-list LISTofVALUE

Errors: Match, Value

This request controls various aspects of #&ard. Thevalue-mask and value-list specify
which controls are to be changed. The possible values are:

Control Type
key-click-percent  INT8
bell-percent INT8
bell-pitch INT16
bell-duration INT16

led CARDS8
led-mode {On, Off}
key KEYCODE

auto-repeat-mode  @n, Off, Default}

The key-click-percent sets the volume fogykdicks between 0 (off) and 100 (loud) inchusiif
possible. Settingp —1 restores the dailt. Othemegative values generate \alue error.

The bell-percent sets the base volume for the bell between 0 (off) and 100 (loudyénifipsis-
sible. Settingo -1 restores the daflt. Othemegdive values generate alue error.

The bell-pitch sets the pitch (specified in Hz) of the bell, if possible. Setting to —1 restores the
default. Othemegative values generate alue error.

The bell-duration sets the duration of the bell (specified in milliseconds), if possible. Setting to
-1 restores the dafilt. Othemeaydive values generate \dalue error.

If both led-mode and led are specified, then the state of that LED is changed, if possible. If only
led-mode is specified, then the state of all LEDs are changed, if possible. At most 32 LEDs,
numbered from one, are supported. No standard interpretation of LEDs is definedMétizha
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error if an led is specified without an led-mode.

If both auto-repeat-mode andykae specified, then the auto-repeat mode of thgtikchanged,

if possible. If only auto-repeat-mode is specified, then the global auto-repeat mode for the entire
keyboard is changed, if possible, without affecting the @grsettings. Itis aMatch error if a

key is gpecified without an auto-repeat-mode. Eaeir kas an individual mode of whether or not

it should auto-repeat and a default setting for that mode. In addition, there is a global mode of
whether auto-repeat should be enabled or not and a default setting for that mode. When the
global mode i€0n, keys should obg their individual auto-repeat modes. When the global mode

is Off, no keys hould auto-repeat. An auto-repeatirgylgenerates alternatingeyPressand
KeyReleaseevents. Whera key is used as a modifigit is desirable for the &y rot to auto-

repeat, rgadless of the auto-repeat setting for they k

A bell generator connected with the console but not directly oneyimbrd is treated as if it
were part of the é&yboard.

The order in which controls are verified and altered is selmpeendent. I&n error is generated,
a abset of the controls may Vebkeen altered.

GetKeyboardControl

—

key-click-percent: CARDS
bell-percent: CARDS
bell-pitch: CARD16
bell-duration: CARD16
led-mask: CARD32
global-auto-repeat:@n, Off }
auto-repeats: LISTofCARD8

This request returns the current control values for dybdard. Br the LEDs, the least signifi-

cant bit of led-mask corresponds to LED one, and each one bit in led-mask indicates an LED that
is lit. The auto-repeats is a bit vector; each one bit indicates that auto-repeat is enabled for the
corresponding &y. The vector is represented as 32 bytes. Byte N (from 0) contains the bits for
keys 8N to 8N + 7, with the least significant bit in the byte representindi.

Bell
percent INT8
Errors: Value

This request rings the bell on theykoard at a volume relag © the base volume for the
keyboard, if possible. Percent can range from —100 to 100 inel(si a Value error results).
The volume at which the bell is rung when percent is ngetive is:

base - [(base * percent) / 100] + percent

When percent is mgtive, itis:
base + [(base * percent) / 100]
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SetPointerMapping
map: LISTofCARDS
status: SuccessBusy}
Errors: Value

This request sets the mapping of the poinEéements of the list are inged garting from one.
The length of the list must be the saméGatPointerMapping would return (or avalue error
results). Thendex is a mre button numbeend the element of the list defines the effextium-
ber.

A zero element disables atton. Elementare not restricted in value by the number of physical
buttons, but no tw dements can ha the same nonzero value (oKalue error results).

If any of the buttons to be altered are logically in the down state, the status r8plsyisand the
mapping is not changed.

This request generatedviappingNotify event on aSuccessstatus.

GetPointerMapping

map: LISTofCARDS

This request returns the current mapping of the poide@ments of the list are inded Sarting
from one. The length of the list indicates the number of physical buttons.

The nominal mapping for a pointer is the identity mapping: map[i]=i.

ChangePointerControl

do-accelerationdo-threshold BOOL
acceleration-numeratgmlcceleration-denominatotNT16
threshold INT16

Errors: Value

This request defines twahe pointer mees. Theacceleration is a multiplier for mement
expressed as a fractiofor example, specifying 3/1 means the pointewvesahree times as fast

as normal. The fraction can be rounded arbitrarily by the seA@releration only takes effect if
the pointer mees more than threshold number of pixels at once and only applies to the amount
beyond the threshold. Setting a value to —1 restores thalteOthemeagative values generate a
Value error, as des a zero value for acceleration-denominator.
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GetPointerControl

—

acceleration-numerataacceleration-denominator: CARD16
threshold: CARD16

This request returns the current acceleration and threshold for the pointer.

SetScreenSeer

timeout interval: INT16
prefer-blanking { Yes, No, Default}
allow-exposures{ Yes, No, Default}

Errors: Value

The timeout and interval are specified in seconds; setting a value to —1 restorestthe Odfier
negaive values generate ¥dalue error. If the timeout value is zero, screemwads disabled (but

an actvated screen-sar is not deactiated). Ifthe timeout value is nonzero, screenesas

enabled. Oncscreen-seer is enabled, if no input from thedyboard or pointer is generated for
timeout seconds, screerweris activated. For each screen, if blanking is preferred and the hard-
ware supports video blanking, the screen will simply go blank. Otherwise, if either exposures are
allowed or the screen can be regenerated without sending expesueete clients, the screen is
changed in a server-dependent fashiornvtidgphosphor brn. Otherwisethe state of the screens
does not change, and screewes#s not activated. Atthe next lkeyboard or pointer input or at the
next ForceScreenSaer with modeReset screen-saer is deactvated, and all screen states are
restored.

If the server-dependent screenasanethod is amenable to periodic change, interval serves as a
hint about ha long the change period should be, with zero hinting that no periodic change
should be made. Examples of ways to change the screen include scrambling the color map peri-
odically, moving an icon image about the screen periodicallyiling the screen with the root

window background tile, randomly reorigined periodically.

GetScreenSuer

timeout, interval: CARD16
prefer-blanking: {res, No}
allow-exposures: Yes, No}

This request returns the current screarerseontrol values.

ForceScreenSaer
mode { Activate, Reset
Errors: Value
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If the mode isActivate and screen-sar is currently deactiated, then screen-ge is activated
(even if screen-saer has been disabled with a timeout value of zero). If the moBesetand
screen-seer is currently enabled, then screensaais deactivated (if it was actiated), and the
activation timer is reset to its initial state as if device input had just beervedcei

ChangeHosts

mode { Insert, Delete}
host HOST

Errors: Access Value

This request adds or renes the specified host from the access control list. When the access
control mechanism is enabled and a client attempts to establish a connection to ththeerver
host on which the client resides must be in the access control list, or the client veustdma
granted permission by a server-dependent method, or the server will refuse the connection.

The client must reside on the same host as the server andédrelea granted permission by a
server-dependent method teeeute this request (or alkccesserror results).

An initial access control list can usually be specified, typically by nhaming a file that the server
reads at startup and reset.

The following address families are definglserver is not required to support these families and
may support families not listed here. Use of an unsupported familgproper address format,
or an improper address length within a supported family result¥ahua error.

For the Internet familythe address must be four bytes long. The address bytes are in standard IP
order; the server performs no automatic swapping on the address bytes. The Internet family sup-
ports IP version 4 addresses only.

For the InternetV6 familythe address must be sixteen bytes long. The address bytes are in stan-
dard IP order; the server performs no automatic swapping on the address bytes. The InternetV6é
family supports IP version 6 addresses only.

For the DECnet familythe server performs no automatic swapping on the address ByRtgmse
IV address is tw bytes long: the first byte contains the least significant eight bits of the node
number and the second byte contains the most significaottits of the node number in the least
significant two bits of the byte and the area in the most significant six bits of the byte.

For the Chaos familythe address must beavaytes long. The host number isvalys the first
byte in the address, and the subnet numbewayalthe second byte. The server performs no
automatic swapping on the address bytes.

For the Serverinterpreted famijlthe address may be ofyalength up to 65535 bytes. The

address consists of ongrings of ASCII characters, separated by a byte with a value of 0. The
first string represents the type of address, and the second string contains the address value.
Address types and the syntax for their associated values will be registered via th&egstry.
Implementors who wish to add implementation specific types may register a unique prefix with
the X.Og regstry to prezent namespace collisions.

Use of a host address in the ChangeHosts request is deprecated. It is only useful when a host has
a wique, constant address, a requirement that is increasingly unmet as sites adopt dynamically
assigned addresses, network address translationagatdPv6 link local addresses, and various

other technologies. It also assumes all users of a host shard@tuaccess rights, and as such

has neer been suitable for mgmmulti-user machine efronments. Insteadnore secure forms
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of authentication, such as those based on shared secrets or pyldicrigption, are recom-
mended.

ListHosts

—

mode: {Enabled, Disabled}
hosts: LISToOfHOST

This request returns the hosts on the access control list and whether use of the list at connection
setup is currently enabled or disabled.

Each HOST is padded to a multiple of four bytes.

SetAccessControl
mode { Enable, Disable}
Errors: Access Value

This request enables or disables the use of the access control list at connection setups.

The client must reside on the same host as the server aneédielea granted permission by a
server-dependent method teeeute this request (or akccesserror results).

SetCloseDownMode
mode { Destroy, RetainPermanent, RetainTemporary}
Errors: Value

This request defines what will happen to the clgeemiSources at connection clos® connection
starts inDestroy mode. Themeaning of the close-down mode is described in section 10.

KillClient
resource CARD32 or AllTemporary
Errors: Value

If a valid resource is specifieljliClient forces a close-down of the client that created the
resource. Ithe client has already terminated in eitRatainPermanentor RetainTemporary
mode, all of the cliend’' resources are destroyed (see section 100MITemporary is specified,
then the resources of all clients thatd&rminated inRetainTemporary are destroyed.

NoOperation

75



This request has no arguments and no results, but the request length field allows the request to be
ary multiple of four bytes in length. The bytes contained in the request are uninterpreted by the
server.

This request can be used in its minimum four byte form as padding where necessary by client
libraries that find it corenient to force requests to begin on 64-bit boundaries.

10. ConnectionClose

At connection close, allvent selections made by the client are discarded. If the client has the
pointer actrely grabbed, arungrabPointer is performed. If the client has theyboard actrely
grabbed, atungrabKeyboard is performed. All passe gabs by the client are released. If the
client has the server grabbed,dngrabSewer is performed. All selections (seketSelec-
tionOwner request) owned by the client are dised. Ifclose-down mode (segetCloseDown-
Mode request) iRetainPermanentor RetainTemporary, then all resources (including col-
ormap entries) allocated by the client are marked as permanent or tenesagtiely (but

this does not prent other clients from explicitly destroying them). If the mod®estroy, al

of the clients resources are destroyed.

When a cliens resources are destroyed, for each wimdtothe clients saveset, if the windw is
an inferior of a windw created by the client, thevaaset windav is reparented to the closest
ancestor such that thevssset windav is not an inferior of a windw created by the client. If the
sase-set windav is unmapped, MapWindow request is performed on it if it was not an
inferior of a windaev created by the client). The reparentingviessaunchanged the absolute coor-
dinates (with respect to the root window) of the upper-left outer corner ofursetavindav.
After save-set processing, all windows created by the client are gestrdor each nonwindow
resource created by the client, the appropfiaiee request is performed. All colors and col-
ormap entries allocated by the client are freed.

A server goes through a cycle of having no connections and having some connectioresy At e
transition to the state of having no connections as a result of a connection closindpestincey
close-down mode, the server resets its state as if it had just been started. This starts by destroying
all lingering resources from clients thawvhaerminated inRetainPermanentor RetainTempo-

rary mode. Itadditionally includes deleting all but the predefined atom identifiers, deleting all
properties on all root windows, resetting all device maps and attribetedifik, bell volume,
acceleration), resetting the access control list, restoring the standard root tiles and cursors, restor-
ing the default font path, and restoring the input focus to BaitderRoot.

Note that closing a connection with a close-down modeeatainPermanentor RetainTempo-
rary will not cause the server to reset.

11. Ewents

When a button press is processed with the pointer in somewihdand no actire pinter grab

is in progress, the ancestors of W are searched from the root down, looking fove grabsio
activate. If no matching pasa gab on the button exists, then an\eetyab is started automati-
cally for the client receiving thevent, and the last-pointer-grab time is set to the current server
time. Theeffect is essentially equalent to aGrabButton with arguments:

Argument Value
event-window Event window
event-mask Client =lected pointervents on the eent window

76



Argument Value

pointer-mode anddyboard-mode Asynchronous

owner-e/ents True if the client hasOwnerGrabButton selected
on the gent window, ctherwiseFalse

confine-to None

cursor None

The grab is terminated automatically when the logical state of the pointer has all buttons released.
UngrabPointer and ChangeActivePointerGrab can both be used to modify the aetgab.

KeyPress
KeyRelease
ButtonPress
ButtonRelease
MotionNotify

root, event WINDOW

child: WINDOW or None
same-screerBOOL

root-x, root-y, event-x event-y. INT16
detail: <see below>

state SETofKEYBUTMASK

time: TIMESTAMP

These gents are generated either wheney kr button logically changes state or when the

pointer logically mees. Thegeneration of these logical changes may lag the physical changes if
device @ent processing is frozen. Note thatyPressand KeyReleaseare generated for all

keys, aven those mapped to modifier bits. The source of tteatds the winda the pointer is in.

The windav the event is reported with respect to is called therg windav. The erent window

is found by starting with the source winvdand looking up the hierargtfor the first winda on

which ary client has selected interest in thexat (provided no intervening wingoprohibits

event generation by including theent type in its do-not-propage-mask). Thactual window

used for reporting can be modified by @etiyabs and, in the case afyboard eents, can be
modified by the focus winda

The root is the root windw of the source winde, and root-x and root-y are the pointer coordi-
nates relatie to root’s arigin at the time of thevent. Event is the eent window. If the event
window is on the same screen as root, thgant-x and gent-y are the pointer coordinates rela-
tive b the event window's arigin. Otherwisegvent-x and gent-y are zero. If the source window
is an inferior of thewent window, then child is set to the child of theeat window that is an
ancestor of (or is) the source windoOtherwise, it is set ttlone. The state componentvgs

the logical state of the buttons and modifieykjust before thevent. Thedetail component type
varies with the eent type:

Event Component

KeyPress KeyRelease KEYCODE
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Event Component

ButtonPress, ButtonRelease BUTTON
MotionNotify {Normal, Hint}

MotionNotify events are only generated when the motion begins and ends in thewvifide
granularity of motion eents is not guaranteed, but a client selecting for motiente is guaran-
teed to get at least oneeat when the pointer mes and comes to rest. SelectifpinterMo-

tion receves events independent of the state of the pointdtdns. Byselecting some subset of
Button[1-5]Motion instead,MotionNotify events will only be receied when one or more of the
specified buttons are pressed. By selecBntfonMotion , MotionNotify events will be

receved only when at least one button is pressed. Msats are abays of typeMotionNotify ,
independent of the selection. PbinterMotionHint is selected, the server is free to send only
one MotionNotify event (with detailHint ) to the client for the went window until either the key
or button state changes, the pointevésahe event window, or the client issues QueryPoainter
or GetMotionEvents request.

EnterNotify
LeaveNotify

root, event WINDOW

child : WINDOW or None

same-screerBOOL

root-x, root-y, event-x event-y. INT16

mode { Normal, Grab, Ungrab}

detail: { Ancestor, Virtual , Inferior , Nonlinear, NonlinearVirtual }
focus BOOL

state SETofKEYBUTMASK

time: TIMESTAMP

If pointer motion or windw hierarcly change causes the pointer to be in a different winihan
before,EnterNotify andLeaveNotify events are generated instead dflationNotify event.

Only clients selectingenterWindow on a windav receve EnterNotify events, and only clients
selectingLeaveWindow receve LeaveNotify events. Thepointer position reported in theeant

is aways the final position, not the initial position of the point€he root is the root winadwfor
this position, and root-x and root-y are the pointer coordinatesveetatioot’s arigin at the time
of the event. Ewent is the eent window. If the event windaw is on the same screen as root, then
event-x and gent-y are the pointer coordinates relatio the ezent window's arigin. Otherwise,
event-x and gent-y are zero. In deaveNotify event, if a child of the eent windav contains the
initial position of the pointetthen the child component is set to that child. Otherwise Nbise.
For an EnterNotify event, if a child of the eent windav contains the final pointer position, then
the child component is set to that child. Otherwise, Nagse. If the event windaw is the focus
window or an nferior of the focus winde, then focus islt ue. Otherwise, focus ialse.

Normal pointer motionvents hae node Normal. Pseudo-motionents when a grab agtites
have node Grab, and pseudo-motionvents when a grab deagdtes hae node Ungrab.

All EnterNotify andLeaveNotify events caused by a hierascbhange are generated after any
hierarcly event caused by that change (thatisimapNotify, MapNotify , ConfigureNotify,
GravityNotify , CirculateNotify ), but the ordering oEnterNotify andLeaveNotify events

78



with respect td~ocusOut, VisibilityNotify , and Exposeevents is not constrained.
Normal events are generated as follows:
When the pointer mas from windav A to window B and A is an inferior of B:

. LeaveNotify with detail Ancestor is generated on A.

. LeaveNotify with detail Virtual is generated on each winddetween A and B exclug
(in that order).

. EnterNotify with detail Inferior is generated on B.

When the pointer mas from windav A to window B and B is an inferior of A:

. LeaveNotify with detail Inferior is generated on A.

. EnterNotify with detail Virtual is generated on each winddetween A and B exclug
(in that order).

. EnterNotify with detail Ancestor is generated on B.

When the pointer mas from windav A to window B and windav C is their least common
ancestor:

. LeaveNotify with detail Nonlinear is generated on A.

. LeaveNotify with detail NonlinearVirtual is generated on each winddetween A and C
exclusive (in that order).

. EnterNotify with detail NonlinearVirtual is generated on each winddetween C and B
exclusive (in that order).

. EnterNotify with detail Nonlinear is generated on B.

When the pointer mes from windav A to window B on dfferent screens:

. LeaveNotify with detail Nonlinear is generated on A.

. If A'is not a root windw, LeaveNotify with detail NonlinearVirtual is generated on each
window above A p to and including its root (in order).

. If B is not a root windw, EnterNotify with detail NonlinearVirtual is generated on each
window from B’s root down to but not including B (in order).

. EnterNotify with detail Nonlinear is generated on B.

When a pointer grab agtites (but after gninitial warp into a confine-to windoand before gen-
erating ag actual ButtonPress event that actiates the grab), G is the grab-windéor the grab,
and P is the winde the pointer is in:

. EnterNotify andLeaveNotify events with modeGrab are generated (as fdtormal
above) as if the pointer were to suddenly warp from its current position in P to some posi-
tion in G. Howeer, the pointer does not warp, and the pointer position is used as both the
initial and final positions for thevents.

When a pointer grab deadtes (but after generatingyaactual ButtonReleaseevent that deacti-
vates the grab), G is the grab-windéor the grab, and P is the windthe pointer is in:

. EnterNotify andLeaveNotify events with modeUngrab are generated (as fdformal
above) as if the pointer were to suddenly warp from some position in G to its current posi-
tion in P Howeva, the pointer does not warp, and the current pointer position is used as
both the initial and final positions for theeats.
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Focuslin
FocusOut

event WINDOW

mode { Normal, WhileGrabbed, Grab, Ungrab}

detail: { Ancestor, Virtual , Inferior , Nonlinear, NonlinearVirtual , Painter,
PointerRoot, None}

These wents are generated when the input focus changes and are reported to clients selecting
FocusChangeon the windav. Events generated b8etinputFocuswhen the kyboard is not
grabbed hee nodeNormal. Events generated b$etinputFocuswhen the kyboard is grabbed
have node WhileGrabbed. Events generated when ayooard grab actetes hae node Grab,

and e@ents generated when ayboard grab deactites hae node Ungrab.

All FocusOut events caused by a windounmap are generated after ddgmapNotify event,
but the ordering ofFocusOut with respect to generatdehterNotify , LeaveNotify , Visibili-
tyNotify , and Exposeevents is not constrained.

Normal andWhileGrabbed events are generated as follows:

When the focus mes from windav A to window B, A is an inferior of B, and the pointer is in
window P:

. FocusOut with detail Ancestor is generated on A.

. FocusOut with detail Virtual is generated on each winddetween A and B excluss (in
order).

. Focuslin with detail Inferior is generated on B.

. If P is an hferior of B but P is not A or an inferior of A or an ancestor ofF8cusin with

detail Pointer is generated on each windldelow B down to and including P (in order).

When the focus mas from windav A to window B, B is an nferior of A, and the pointer is in
window P:

. If P is an nferior of A but P is not an inferior of B or an ancestor oFBcusOut with
detail Painter is generated on each winddrom P up to but not including A (in order).

. FocusOut with detail Inferior is generated on A.

. FocusIn with detail Virtual is generated on each winddetween A and B exclug (in
order).

. Focuslin with detail Ancestor is generated on B.

When the focus ma@s from windav A to window B, window C is their least common ancestor,
and the pointer is in windoP:

. If P is an nferior of A, FocusOut with detail Pointer is generated on each winddérom P
up to but not including A (in order).

. FocusOut with detail Nonlinear is generated on A.

. FocusOut with detail NonlinearVirtual is generated on each winddetween A and C
exclusive (n order).

. Focusln with detail NonlinearVirtual is generated on each windbetween C and B

exclusive (n order).
. FocusIn with detail Nonlinear is generated on B.

. If P is an nhferior of B, FocusIn with detail Pointer is generated on each winddelow B
down to and including P (in order).
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When the focus mes from windav A to window B on dfferent screens and the pointer is in
window P:

If P is an nferior of A, FocusOut with detail Pointer is generated on each windérom P
up to but not including A (in order).

FocusOut with detail Nonlinear is generated on A.

If Ais not a root windw, FocusOut with detail NonlinearVirtual is generated on each
window above A wp to and including its root (in order).

If B is not a root windwy, Focusin with detail NonlinearVirtual is generated on each
window from B’s root down to but not including B (in order).

FocusIn with detail Nonlinear is generated on B.

If P is an nferior of B, FocusIn with detail Pointer is generated on each wingdelow B
down to and including P (in order).

When the focus mes from windav A to PointerRoot (or None) and the pointer is in window

P:

If P is an nferior of A, FocusOut with detail Painter is generated on each winddérom P
up to but not including A (in order).

FocusOut with detail Nonlinear is generated on A.

If Ais not a root windw, FocusOut with detail NonlinearVirtual is generated on each
window above A W to and including its root (in order).

Focuslin with detail PainterRoot (or None) is generated on all root windows.

If the nev focus isPainterRoot, Focusin with detail Pointer is generated on each win-
dow from P5 root down to and including P (in order).

When the focus mas from PointerRoot (or None) to window A and the pointer is in window

P:

If the old focus ifPainterRoot, FocusOut with detail Pointer is generated on each win-
dow from P up to and including ®toot (in order).

FocusOut with detail PointerRoot (or None) is generated on all root windows.

If Ais not a root windw, Focusin with detail NonlinearVirtual is generated on each
window from As root down to but not including A (in order).

FocusIn with detail Nonlinear is generated on A.

If P is an nferior of A, FocusIn with detail Pointer is generated on each winddelow A
down to and including P (in order).

When the focus mes from PointerRoot to None (or vice versa) and the pointer is in window

P:

If the old focus idPainterRoot, FocusOut with detail Painter is generated on each win-
dow from P up to and including ®ioot (in order).

FocusOut with detail PointerRoot (or None) is generated on all root windows.
Focusin with detail None (or PointerRoot) is generated on all root windows.

If the nev focus isPainterRoot, Focusin with detail Pointer is generated on each win-
dow from P5 root down to and including P (in order).

When a keyboard grab actates (but before generatingyasctual KeyPressevent that actiates
the grab), G is the grab-winddor the grab, and F is the current focus:
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. Focusln and FocusOut events with modeGrab are generated (as fdlormal above) as
if the focus were to change from F to G.

When a keyboard grab deastites (but after generatingyaectual KeyReleaseevent that deacti-
vates the grab), G is the grab-winddor the grab, and F is the current focus:

. Focusln and FocusOut events with modeUngrab are generated (as fdlormal above)
as if the focus were to change from G to F.

KeymapNotify
keys: LISTofCARDS

The value is a bit vector as described)ueryKeymap. This event is reported to clients select-
ing KeymapStateon a windav and is generated immediately afteesy EnterNotify and
Focuslin.

Expose

window. WINDOW
X, ¥, width, height CARD16
count CARD16

This event is reported to clients selectiigkposure on the windev. It is generated when no valid
contents arevailable for regions of a winda and either the regions are visible, the regions are
viewable and the server is (perhaps newly) maintaining backing store on thewvondloe win-
dow is not viewable but the server is (perhaps newly) honoring winddwatking-store attribute

of Always or WhenMapped. The regions are decomposed into an arbitrary set of rectangles,
and anExposeevent is generated for each rectangle.

For a gven action causing exposureents, the set ofwents for a gien window are guaranteed to
be reported contiguouslyf count is zero, then no mokexposeevents for this windav follow.

If count is nonzero, then at least that mmarre Exposeeveants for this windw follow (and pos-
sibly more).

The x and y coordinates are relatio window’s arigin and specify the upper-left corner of a rect-
angle. Thewidth and height specify the extent of the rectangle.

Exposeevents are neer generated ornputOnly windows.

All Exposeevents caused by a hierascbhhange are generated aftey duerarcty event caused
by that change (for examplenmapNotify, MapNotify , ConfigureNotify , GravityNotify ,
CirculateNotify ). All Exposeevents on a gien window are generated after ani sibilityNo-
tify event on that windw, but it is not required that alExposeevents on all windows be gener-
ated after alVisibilitity events on all windavs. Theordering ofExposeevents with respect to
FocusOut, EnterNotify , and LeaveNotify events is not constrained.
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GraphicsExposure

drawable DRAWABLE

X, ¥, width, height CARD16
count CARD16
major-opcode CARDS8
minor-opcode CARD16

This event is reported to a client using a graphics context with graphics-exposures selected and is
generated when a destination region could not be computed due to an obscured or out-of-bounds
source rgion. All of the regions exposed by argn graphics request are guaranteed to be

reported contiguouslylf count is zero then no mor@raphicsExposure events for this window

follow. If count is nonzero, then at least that pnenore GraphicsExposure events for this win-

dow follow (and possibly more).

The x and y coordinates are relatio drawable’s arigin and specify the upper-left corner of a
rectangle. Thevidth and height specify the extent of the rectangle.

The major and minor opcodes identify the graphics request &sethe core protocol, major-
opcode is alays CopyArea or CopyPlane, and minor-opcode is alays zero.

NoExposure

drawable DRAWABLE
major-opcode CARDS
minor-opcode:CARD16

This event is reported to a client using a graphics context with graphics-exposures selected and is
generated when a graphics request that might pro@uaghicsExposure events does not pro-
duce ag. The dravable specifies the destination used for the graphics request.

The major and minor opcodes identify the graphics request &sethe core protocol, major-
opcode is alays CopyArea or CopyPlane, and the minor-opcode isvaéys zero.

VisibilityNotify
window. WINDOW
state { Unobscured, PartiallyObscured, FullyObscured}

This event is reported to clients selectidjsibilityChange on the windav. In the following, the
state of the windw is calculated ignoring all of the windos/subwindavs. Whena window
changes state from partially or fully obscured or nowside to vievable and completely unob-
scured, anwent with Unobscuredis generated. When a windahanges state from wiable

and completely unobscured, fromwible and completely obscured, or from nowwable, to
viewable and partially obscured, ameat with PartiallyObscured is generated. When a window
changes state from wigble and completely unobscured, fromwable and partially obscured,
or from not vievable to vievable and fully obscured, arvent with FullyObscured is generated.

VisibilityNotify events are neer generated otnputOnly windows.

All VisibilityNotify events caused by a hieragchhange are generated aftey duerarcty event
caused by that change (for exampleymapNotify, MapNotify , ConfigureNotify,
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GravityNotify , CirculateNotify ). Any VisibilityNotify event on a gien window is generated
before anyExposeevents on that winda, but it is not required that aVisibilityNotify events
on all windows be generated beforeBXposeevents on all windws. Theordering ofVisibili-
tyNotify events with respect td-ocusOut, EnterNotify , and LeaveNotify events is not con-
strained.

CreateNotify

parent window. WINDOW

X, ¥: INT16

width, height border-width CARD16
override-redirect BOOL

This event is reported to clients selectii@ybstructureNotify on the parent and is generated
when the windw is created. Tharguments are as in ti@eateWindow request.

DestroyNotify
ewvent window. WINDOW

This event is reported to clients selectii®jructureNotify on the windav and to clients selecting
SubstructureNotify on the parent. It is generated when the wimikdestroyed. Theevent is
the windav on which the gent was generated, and the windis the windav that is destroyed.

The ordering of théestroyNotify events is such that for rgiven window, DestroyNotify is
generated on all inferiors of the wintlefore being generated on the windidself. Theorder-
ing among siblings and across subhierarchies is not otherwise constrained.

UnmapNotify

ewvent window. WINDOW
from-configure BOOL

This event is reported to clients selectii®jructureNotify on the windav and to clients selecting
SubstructureNotify on the parent. It is generated when the wimdbanges state from mapped
to unmapped. Thevent is the windav on which the gent was generated, and the windis the
window that is unmapped. The from-configure flagiaie if the event was generated as a result
of the windows parent being resized when the wimdiself had a win-gravity obnmap.

MapNotify

ewent window. WINDOW
override-redirect BOOL

This event is reported to clients selecti®jructureNotify on the windav and to clients selecting
SubstructureNotify on the parent. It is generated when the wimdbanges state from
unmapped to mapped. Theeat is the windw on which the g@ent was generated, and the
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window is the windav that is mapped. Theverride-redirect flag is from the windosvétribute.

MapRequest
parent window. WINDOW

This event is reported to the client selectiSgibstructureRedirect on the parent and is gener-
ated when aMapWindow request is issued on an unmapped winddgth an o/erride-redirect
attribute ofFalse.

ReparentNotify

ewvent window parent WINDOW
X, Y. INT16
override-redirect BOOL

This event is reported to clients selectiiBubstructureNotify on either the old or the neparent
and to clients selectingtructureNotify on the windav. It is generated when the windads
reparented. Thevent is the windav on which the gent was generated. The winaas the win-

dow that has been rerooted. The parent specifies thgaent. Thex and y coordinates are rel-
ative o the naev parents arigin and specify the position of the upper-left outer corner of the win-
dow. The werride-redirect flag is from the windosvétribute.

ConfigureNotify

ewvent window. WINDOW

X, Y. INT16

width, height border-width CARD16
above-sibling WINDOW or None
override-redirect BOOL

This event is reported to clients selecti®jructureNotify on the windav and to clients selecting
SubstructureNotify on the parent. It is generated whe@aenfigureWindow request actually
changes the state of the windoThe event is the windav on which the gent was generated, and
the windav is the windav that is changed. The x and y coordinates are veliithe nev par-
ent’s arigin and specify the position of the upper-left outer corner of the windde width and
height specify the inside size, not including the bordiesbove-sibling is None, then the win-
dow is on the bottom of the stack with respect to siblings. Otherwise, the wirgdionmediately
on top of the specified sibling. Theearide-redirect flag is from the windosvétribute.

GravityNotify

ewvent window. WINDOW
X, y: INT16

This event is reported to clients selectii®ybstructureNotify on the parent and to clients select-
ing StructureNotify on the windav. It is generated when a windas moved because of a
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change in size of the parent. Thexa is the winda on which the gent was generated, and the
window is the windav that is meed. Thex and y coordinates are reladi o the nev parents ari-
gin and specify the position of the upper-left outer corner of the windo

ResizeRequest

window. WINDOW
width, height CARD16

This event is reported to the client selectiRgsizeRedirecton the windav and is generated
when aConfigureWindow request by some other client on the wiwdaitempts to change the
size of the windav. The width and height are the requested inside size, not including the border.

ConfigureRequest

parent window. WINDOW

X, ¥: INT16

width, height border-width CARD16

sibling: WINDOW or None

stack-mode{ Above, Below, Toplf, Bottomlf , Opposite}
value-maskBITMASK

This event is reported to the client selectiSgibstructureRedirect on the parent and is gener-

ated when &onfigureWindow request is issued on the wivdby some other client. The
value-mask indicates which components were specified in the request. The value-mask and the
corresponding values are reported agmin the request. The remaining values are filled in from
the current geometry of the wingipexcept in the case of sibling and stack-mode, which are
reported adNone and Above (respectiely) if not given in the request.

CirculateNotify

ewvent window. WINDOW
place { Top, Bottom}

This event is reported to clients selectii®jructureNotify on the windav and to clients selecting
SubstructureNotify on the parent. It is generated when the wimiactually restacked from a
CirculateWindow request. Thevent is the windav on which the gent was generated, and the
window is the windav that is restackd. Ifplace isTop, the windav is now on top of all siblings.
Otherwise, it is bel all siblings.

CirculateRequest

parent window. WINDOW
place { Top, Bottom}

This event is reported to the client selectiBgibstructureRedirect on the parent and is gener-
ated when &irculateWindow request is issued on the parent and a winatually needs to be
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restaclked. Thewindow specifies the windw to be estacked, and the place specifies what the
new position in the stacking order should be.

PropertyNotify

window. WINDOW

atom: ATOM

state { NewValue, Deleted}
time: TIMESTAMP

This event is reported to clients selectiyopertyChange on the winda and is generated with
stateNewValue when a property of the windois changed usingChangeProperty or
RotateProperties, even when adding zero-length data usi@gangeProperty and when replac-
ing all or part of a property with identical data usfblgangeProperty or RotateProperties. It

is generated with stat@eletedwhen a property of the windois deleted using request
DeleteProperty or GetProperty. The timestamp indicates the server time when the property
was changed.

SelectionClear

owner. WINDOW
selection ATOM
time: TIMESTAMP

This event is reported to the current owner of a selection and is generated whemanmes is

being defined by means 8ktSelectionOwner The timestamp is the last-change time recorded
for the selection. The owner argument is the wimtloat was specified by the current owner in
its SetSelectionOwnerrequest.

SelectionRequest

owner. WINDOW

selection ATOM

target: ATOM

property. ATOM or None
requestor WINDOW

time: TIMESTAMP or CurrentTime

This event is reported to the owner of a selection and is generated when a client i€auwsré
Selectionrequest. Thewner argument is the windothat was specified in th®etSelec-
tionOwner request. Theemaining arguments are as in fhenvertSelection request.

The owner should camsrt the selection based on the specified target type and sesldaion-
Notify back to the requestoA complete specification for using selections 1gegiin the X.Org
standardnter-Client Communication Conventions Manual
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SelectionNotify

requestor WINDOW
selectiontarget: ATOM

property. ATOM or None

time: TIMESTAMP or CurrentTime

This event is generated by the server in responseQ@orvertSelection request when there is no
owner for the selection. When there is an owitehould be generated by the owner using
SendEvent The owner of a selection should send thimnéto a requestor either when a selec-
tion has been cemlrted and stored as a property or when a selectiorecsion could not be per-
formed (indicated with propertione).

ColormapNotify

window. WINDOW

colormap COLORMAP orNone
new. BOOL

state { Installed, Uninstalled}

This event is reported to clients selecti@plormapChange on the windwv. It is generated with
value Tr ue for new when the colormap attribute of the windes changed and is generated with
value False for nev when the colormap of a winda's installed or uninstalled. In either case,
the state indicates whether the colormap is currently installed.

MappingNotify

request { Modifier , Keyboard, Pointer }
first-keycode count CARDS8

This event is sent to all clients. There is no mechanism to express disinterest wetttis Ehe
detail indicates the kind of change that occuriddifiers for a successfubetModifierMap-
ping, Keyboard for a successfuChangeKeyboardMapping, and Painter for a successfubet-
PointerMapping . If the detail iskeyboard, then first-keycode and count indicate the range of
altered leycodes.

ClientMessage

window. WINDOW

type ATOM

format {8, 16, 32}

data: LISTofINT8 or LISTofINT16 or LISTofINT32

This event is only generated by clients usiBgndEvent The type specifies othe data is to be
interpreted by the receiving client; the server places no interpretation on the type or the data. The
format specifies whether the data should be viewed as a list of 8-bit, 16-bit, or 32-bit quantities,
so that the server can correctly byte-swap, as necesHagydata abays consists of either 20

8-bit values or 10 16-bit values or 5 32-bit values, although particular message types might not
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make wse of all of these values.

12. Flow Control and Concurrency

Wheneer the server is writing to a\ggn connection, it is permissible for the server to stop read-

ing from that connection (but if the writing would block, it must continue to service other connec-
tions). Theserver is not required to buffer more than a single request per connection at one time.
For a gven connection to the serviex dient can block while reading from the connection but

should undertakto read (@ents and errors) when writing would blockalure on the part of a

client to obg this rule could result in a deadlocked connection, although deadlock is probably
unlikely unless either the transport layer has very little buffering or the client attempts to send
large numbers of requests withoueereading replies or checking for errors andngs.

Whether or not a server is implemented with internal concurréme overall effect must be as if
individual requests arexecuted to completion in some serial ordErd requests from agn
connection must bexecuted in delrery order (that is, the totakecution order is a shuffle of the
individual streams). Thexecution of a request includes validating all arguments, collecting all
data for ag reply, and generating and queueing all requireen¢s. Havever, it does not include
the actual transmission of the reply and thanes. Inaddition, the effect of gnother cause that
can generate multiplevents (for example, acstétion of a grab or pointer motion) must effeety
generate and queue all requiredrds indivisibly with respect to all other causes and requests.
For a request from a gen dient, ary events destined for that client that are causedXegiging

the request must be sent to the client befoyer@ply or error is sent.
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Appendix A

KEYSYM Encoding

KEYSYM values are 32-bit integers that encode the symbols oretbags of a &yboard. The
three most significant bits arenalys zero, which lezes a D-bit number space. For cgmience,
KEYSYM values can be viewed as split into four bytes:

. Byte 1 is the most significant eight bits (three zero bits and the most-signifiedtiof
the 29-bit effectie value)

. Byte 2 is the next most-significant eight bits
. Byte 3 is the next most-significant eight bits
. Byte 4 is the least-significant eight bits
There are six categories of KEYSYM values.

A.1 SpecialKEYSYMs

There are tw ecial valuesNoSymbol and VoidSymbol. They are used to indicate the
absence of symbols (see section 5).

Bytel Byte2 Byte3 Byted4 Hex.alue Name

0 0 0 0  #x00000000 NoSymbol
0 255 255 255 #x00FFFFFF VoidSymbol

A.2 Latin-1 KEYSYMs

The Latin-1 KEYSYMs occupthe range #x0020 to #x007E and #x00A0 to #00FF and represent
the ISO 10646 / Unicode characters U+0020 to U+007E and U+00AO to UH@8pEctrely.

A.3 UnicodeKEYSYMs

These occupthe range #x01000100 to #x0110FFFF and represent the 1ISO 10646 / Unicode
characters U+0100 to U+10FFREspectiely. The numeric value of a Unicode KEYSYM is the
Unicode position of the corresponding character plus #x01000000. In the interest of backwards
compatibility, clients should be able to process both the Unicode KEYSYM and teey e
KEYSYM for those characters where both exist.

Dead leys, which place an accent on the next character entered, shall be encoded as Function
KEYSYMSs, and not as the Unicode KEYSYM corresponding to anvelgmit combining charac-

ter. Where a kycap indicates a specific function with a graphical symbol that is @ddalde in
Unicode (e.g., an upwards amrdor the cursor up function), the appropriate Function KEYSYM
should be used, and not the Unicode KEYSYM corresponding to the depicted symbol.

A.4 Function KEYSYMs

These represenelcap symbols that do not directly represent elements of a coded character set.
Instead, the typically identify a software function, mode, or operation (e.g., cursor up, caps lock,
insert) that can be agtited using a dedicate@dk Function KEYSYMs hae zro values for
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bytes 1 and 2. Byte 3 distinguishes betweeeraé8-bit sets within which byte 4 identifies the
individual function ley.

Byte 3 Byte4

255 Keyboard
254 Keyboard (XKB) Extension
253 3270

Within a national market,gyboards tend to be comparxadyy standard with respect to the charac-
ter keys, but thg can differ significantly on the miscellaneous functi@yk Some ha function

keys left over from early timesharing days, others were designed for a specific application, such
as text processing, web browsing, or accessing audiovisual data. The symbolssynape &an
differ significantly between manufacturers and national markess, véhere thg denote the same
software function (e.g., Ctrl in the U.S. versug$trGermany)

There are tw ways of thinking about e to define KEYSYMs for such a world:
. The Engraving approach
. The Common approach

The Engraving approach is to create a KEYSYM f@rgunique ley engraving. This is effec-

tively taking the union of all &y engravings on all &tboards. For example, someykoards label
function keys across the top as F1 through Fn, and others label them as PF1 through PFn. These
would be different kys under the Engraving approach. kikse, Lock would differ from Shift

Lock, which is different from the up-amosymbol that has the effect of changing lowercase to
uppercase. There are lots of other aliases such as Del, DEL, DeletejeRarmdso forth. The
Engraving approach makes it easy to decide ifwvaemery should be added to the KEYSYM set:

if it does not exactly match an existing one, thenva oree is created.

The Common approach tries to capture all of #s resent on an interesting number of
keyboards, folding likely aliases into the same KEYSYM. For example, Del, DEL, and Delete are
all merged into a single KEYSYM. Vendors can augment the KEYSYM set (using the vendor-
specific encoding space) to include all of their unigeys khat were not included in the standard

set. Each vendor decides which of iegkmap into the standard KEYSYMs, which presumably

can be werridden by a uselt is more difficult to implement this approach, because judgment is
required about when a sufficient set effoards implements an engraving to justify making it a
KEYSYM in the standard set and about which engravings should be merged into a single
KEYSYM.

Although neither scheme is perfect orgat®, the Common approach has been selected because it
makes it easier to write a portable application. Having the Delete functionality merged into a sin-
gle KEYSYM allows an application to implement a deletion function and expect reasonable bind-
ings on a wide set of workstations. Under the Common approach, application writers are still free
to look for and interpret vendor-specific KEYSYMs, but becausedteein the extended set, the
application deeloper is more conscious that yhare writing the application in a nonportable

fashion.

The Keyboard set is a miscellaneous collection of commonly occuregg dn leyboards.
Within this set, the numerielgpad symbols are generally duplicates of symbols founcegs k
on the main part of theekboard, but the are distinguished here becauseytbéen have a dstin-
guishable semantics associated with them.
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KEYSYM Name Set
value

#xFF08 BACKSPACE, BACK SPACE, BACK CHAR Keyboard
#xFF09 AB Keyboard
#xFFOA LINEFEED,LF Keyboard
#xFFOB CLEAR Keyboard
#xFFOD RETURNENTER Keyboard
#xFF13 RUSE, HOLD Keyboard
#xFF14 SCRLL LOCK Keyboard
#xFF15 SYSREQ, SYSTEM REQEST Keyboard
#xFF1B ESCAPE Keyboard
#xFF20 MULTI-KEY CHARACTER PRERCE Keyboard
#xFF21 KANJI,KANJI CONVERT Keyboard
#xFF22 MUHENKAN Keyboard
#xFF23 HENKANMODE Keyboard
#xFF24 FOMAJI Keyboard
#xFF25 HIRAGANA Keyboard
#xFF26 KATAKANA Keyboard
#xFF27 HIRAGANA/KATAKANA TOGGLE Keyboard
#xFF28 ZENKAKU Keyboard
#xFF29 HANKAKU Keyboard
#xFF2A ZENKAKU/HANKAKU TOGGLE Keyboard
#xFF2B TOUROKU Keyboard
#xFF2C MASSYO Keyboard
#xFF2D KANA LOCK Keyboard
#xFF2E KANA SHIFT Keyboard
#xFF2F EISUSHIFT Keyboard
#xFF30 EISUTOGGLE Keyboard
#xFF31 HANGULSTART/STOP (DGGLE) Keyboard
#xFF32 HANGULSTART Keyboard
#xFF33 HANGULEND, ENGLISH STAR' Keyboard
#xFF34 SART HANGUL/HANJA CONVERSION Keyboard
#xFF35 HANGULJAMO MODE Keyboard
#xFF36 HANGULROMAJA MODE Keyboard
#xFF37 HANGULCODE INPUT Keyboard
#xFF38 HANGULJEONA MODE Keyboard
#xFF39 HANGULBANJA MODE Keyboard
#xFF3A HANGUL PREHANA CONVERSION Keyboard
#xFF3B HANGULPOSTHANA CONVERSION Keyboard
#XFF3C HANGULSINGLE CANDIDATE Keyboard
#xFF3D HANGULMULTIPLE CANDIDATE Keyboard
#xFF3E HANGULPREVIOUS CANDIDATE Keyboard
#xFF3F HANGULSPECIAL SYMBOLS Keyboard
#xFF50 HOME Keyboard
#xFF51 LEFTMOVE LEFT, LEFT ARROW Keyboard
#xFF52 UPMOVE UP, UP ARROW Keyboard
#xFF53 RIGHTMOVE RIGHT, RIGHT ARROW Keyboard
#xFF54 DQVN, MOVE DOWN, DOWN ARROW Keyboard
#xFF55 PRIORPREVIOUS, RGE UP Keyboard
#xFF56 NEXT PAGE DOWN Keyboard
#xFF57 ENDEOL Keyboard
#xFF58 BEGINBOL Keyboard
#xFF60 SELECTMARK Keyboard
#xFF61 PRINT Keyboard
#xFF62 EXECUTERUN, DO Keyboard
#xFF63 INSER, INSERT HERE Keyboard
#xFF65 UNDOOOPS keyboard
#xFF66 REDOAGAIN Keyboard
#xFF67 MENU Keyboard
#xFF68 FIND,SEARCH Keyboard
#xFF69 CANCEL STOR ABORT, EXIT Keyboard
#XFF6A HELP Keyboard
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KEYSYM Name Set
value

#xFF6B BREAK Keyboard
#XFFTE MODESWITCH, SCRIPT SWITCH, CHARACTER SET SWITCH Keyboard
#XFFTF NUMLOCK Keyboard
#xFF80 KEYRAD SFACE Keyboard
#xFF89 KEYRD TAB Keyboard
#xFF8D KEYRD ENTER Keyboard
#xFF91 KEYRD F1, PF1, A Keyboard
#xFF92 KEYRD F2, PF2, B Keyboard
#xFF93 KEYRD F3, PF3, C Keyboard
#xFF94 KEYRD F4, PF4, D Keyboard
#xFF95 KEYRD HOME Keyboard
#xFF96 KEYRD LEFT Keyboard
#xFF97 KEYRAD UP Keyboard
#xFF98 KEYRD RIGHT Keyboard
#xFF99 KEYRD DOWN Keyboard
#XFF9A KEYRAD PRIOR, RGE UP Keyboard
#xFFOB KEYRAD NEXT, PAGE DOWN Keyboard
#XFF9C KEYRD END Keyboard
#xFFID KEYRD BEGIN Keyboard
#xFFOE KEYRD INSERT Keyboard
#XFFOF KEYRD DELETE Keyboard
#XFFAA KEYPAD MULTIPLICATION SIGN, ASTERISK Keyboard
#xFFAB KEYPAD PLUS SIGN Keyboard
#XFFAC KEYPAD SEPARAOR, COMMA Keyboard
#XFFAD KEYPAD MINUS SIGN, HYPHEN Keyboard
#XFFAE KEYPAD DECIMAL POINT, FULL STOP Keyboard
#XFFAF KEYPAD DIVISION SIGN, SOLIDUS Keyboard
#xFFBO KEYRD DIGIT ZERO Keyboard
#xFFB1 KEYRAD DIGIT ONE Keyboard
#xFFB2 KEYRD DIGIT TWO Keyboard
#xFFB3 KEYRD DIGIT THREE Keyboard
#xFFB4 KEYMRAD DIGIT FOUR Keyboard
#xFFB5 KEYRD DIGIT FIVE Keyboard
#xFFB6 KEYRD DIGIT SIX Keyboard
#xFFB7 KEYRAD DIGIT SEVEN Keyboard
#xFFB8 KEYRAD DIGIT EIGHT Keyboard
#xFFB9 KEYRD DIGIT NINE Keyboard
#xFFBD KEYFAD EQUALS SIGN Keyboard
#xFFBE F1 Keyboard
#xFFBF F2 Keyboard
#xFFCO F3 Keyboard
#xFFC1 F4 Keyboard
#XFFC2 F5 Keyboard
#xFFC3 F6 Keyboard
#xFFC4 F7 Keyboard
#XFFC5 F8 Keyboard
#xFFC6 F9 Keyboard
#XFFC7 F10 Keyboard
#xFFC8 F11l1 Keyboard
#xFFC9 F12].2 Keyboard
#XFFCA F13L3 Keyboard
#xFFCB F14) 4 Keyboard
#xFFCC F1515 Keyboard
#xFFCD F16L6 Keyboard
#xFFCE F17L7 Keyboard
#xFFCF F181.8 Keyboard
#xFFDO F1919 Keyboard
#xFFD1 F20L.10 Keyboard
#xFFD2 F21R1 Keyboard
#xFFD3 F22R2 Keyboard
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KEYSYM Name Set
value

#xFFD4 F23R3 Keyboard
#xFFD5 F24R4 Keyboard
#xFFD6 F25R5 Keyboard
#xFFD7 F26R6 Keyboard
#xFFD8 F27R7 Keyboard
#xFFD9 F28R8 Keyboard
#xFFDA F29, R9 Keyboard
#xFFDB F30R10 Keyboard
#XxFFDC F31R11 Keyboard
#xFFDD F32R12 Keyboard
#xFFDE F33R13 Keyboard
#xFFDF F34R14 Keyboard
#xFFEQ F35R15 Keyboard
#xFFE1 LEFTSHIFT Keyboard
#XFFE2 RIGHTSHIFT Keyboard
#XFFE3 LEFTCONTROL Keyboard
#xFFE4 RIGHTCONTROL Keyboard
#XFFE5 CAPS.OCK Keyboard
#xFFE6 SHIFTLOCK Keyboard
#XFFE7 LEFTMETA Keyboard
#xFFE8 RIGHTMETA Keyboard
#xFFE9 LEFTALT Keyboard
#XFFEA RIGHTALT Keyboard
#xFFEB LEFTSUPER keyboard
#XFFEC RIGHTSUPER keyboard
#XFFED LEFTHYPER Keyboard
#XFFEE RIGHTHYPER Keyboard
#XFFFF DELETERUBOUT Keyboard

The Keyboard (XKB) Extension set, which provides among other things a range of elsadkk
defined in “The X Keyboard Extension: Protocol Specification”, Appendix C.

The 3270 set defines additionalyk that are specific to IBM 3270 terminals.

KEYSYM Name Set
value

#xFDO1 327MUPLICATE 3270
#xFD02 327CFIELDMARK 3270
#xFDO03 327RIGHT2 3270
#xFD04 3270LEFT2 3270
#xFDO05 327BACKTAB 3270
#xFD06 327(ERASEEOF 3270
#xFDO7 327ERASEINPUT 3270
#xFDO08 327(RESET 3270
#xFD09 3270QUIT 3270
#XFDOA 3270PA1 3270
#xFDOB 3270PA2 3270
#xFDOC 327CPA3 3270
#xFDOD 3270TEST 3270
#xFDOE 3270ATTN 3270
#xFDOF 3270CURSORBLINK 3270
#xFD10 327ALTCURSOR 3270
#xFD11 327KEYCLICK 3270
#xFD12 327QUMP 3270
#xFD13 3270DENT 3270
#xFD14 327(RULE 3270
#xFD15 3270COPY 3270
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KEYSYM Name Set
value

#xFD16 327(PLAY 3270

#xFD17 3276BETUP 3270
#XFD18 327(RECORD 3270
#xFD19 3270CHANGESCREEN 3270
#xFD1A 3270DELETEWORD 3270

#XFD1B 3270EXSELECT 3270
#xFD1C 3270CURSORSELECT 3270
#xFD1D 3270PRINTSCREEN 3270
#XFD1E 327ENTER 3270

A.5 Vendor KEYSYMs

The KEYSYM number range #x10000000 to #x1FFFFFFagable for vendor-specific exten-
tions. Among these, the range #x11000000 to #x1100FFFF is designateypfd KEYSYMs.

A.6 LegacyKEYSYMs

These date from the time before 1ISO 10646 / Unicode vaislale. The represent characters
from a number of different older 8-bit coded character sets aredz values for bytes 1 and 2.
Byte 3 indicates a coded character set and byte 4 is the 8-bit value of the particular character
within that set.

Byte3 Byte4 Byte3 Byte 4
1 Latin-2 11 APL
2 Latin-3 12 Hebrew
3 Latin-4 13 Thai
4 Kana 14 Korean
5 Arabic 15 Latin-5
6 Cyrillic 16 Latin-6
7 Greek 17 Latin-7
8 Technical 18 Latin-8
9 Foecial 19 Latin-9

10 Publishing 32 Curregyc

Each character set contains gaps where codesthan remwoed that were duplicates with codes
in previous character sets (that is, character sets with lesser byte 3 value).

The Latin, Arabic, Cyrillic, Greek, Hebrg and Thai sets were taken from the early drafts of the
relevant ISO 8859 partsvailable at the time. Hower, in the case of the Cyrillic and Greek sets,
these turned out differently in the final versions of the ISO standard. The Technical, Special, and
Publishing sets are based on Digital Equipment Corporation standards, asvale iguaiterna-

tional standards werevalable at the time.

The table belw lists all standardized lgecy KEYSYMs, along with the name used in the source
document. Where there exists an unambiguouwaguat in Unicode, as it is the case with all

ISO 8859 characters, it isvgh in the second column as a cross reference. Where there is no Uni-
code number provided, the exact semantics of the KEYSYM mayliean lost and a Unicode
KEYSYM should be used instead, ifailable.

As support of Unicode KEYSYMs increases, some or all of tlyadyeKEYSYMs may be
phased out and withdrawn in future versions of this standard. Most KEYSYMs in the sets Techni-
cal, Special, Publishing, APL and Currgrfwith the exception of #20AC) were probablywae
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used in practice, and were not supported by pre-Unicode fonts. In particell@urreng set,
which was copied from Unicode, has already been deprecated by the introduction of the Unicode
KEYSYMs.

KEYSYM Unicode Name Set
value value

#x01A1 U+0104 LATIN CAPITAL LETTER A WITH OGONEK Latin-2
#x01A2 U+02D8 BREVE Latin-2
#x01A3 U+0141 LATIN CAPITAL LETTER L WITH STROKE Latin-2
#x01A5 U+013D LATIN CAPITAL LETTER L WITH CARON Latin-2
#x01A6 U+015A LATIN CAPITAL LETTER S WITH ACUTE Latin-2
#x01A9 U+0160 LATIN CAPITAL LETTER S WITH CARON Latin-2
#x01AA U+015E  LATIN CAPITAL LETTER S WITH CEDILLA Latin-2
#x01AB U+0164 LATIN CAPITAL LETTER T WITH CARON Latin-2
#x01AC U+0179 LATIN CAPITAL LETTER Z WITH ACUTE Latin-2
#x01AE U+017D LATIN CAPITAL LETTER Z WITH CARON Latin-2
#x01AF U+017B  LATIN CAPITAL LETTER Z WITH DOT ABOVE Latin-2
#x01B1 U+0105 LATIN SMALL LETTER A WITH OGONEK Latin-2
#x01B2 U+02DB OGONEK Latin-2
#x01B3 U+0142 LATIN SMALL LETTER L WITH STROKE Latin-2
#x01B5 U+013E LATIN SMALL LETTER L WITH CARON Latin-2
#x01B6 U+015B LATIN SMALL LETTER S WITH ACUTE Latin-2
#x01B7 U+02C7 CARON Latin-2
#x01B9 U+0161 LATIN SMALL LETTER S WITH CARON Latin-2
#x01BA U+015F LATIN SMALL LETTER S WITH CEDILLA Latin-2
#x01BB U+0165 LATIN SMALL LETTER T WITH CARON Latin-2
#x01BC U+017A LATIN SMALL LETTER Z WITH ACUTE Latin-2
#x01BD U+02DD DOUBLE ACUTE ACCENT Latin-2
#x01BE U+017E LATIN SMALL LETTER Z WITH CARON Latin-2
#x01BF U+017C LATIN SMALL LETTER Z WITH DOT ABOVE Latin-2
#x01CO U+0154 LATIN CAPITAL LETTER R WITH ACUTE Latin-2
#x01C3 U+0102 LATIN CAPITAL LETTER A WITH BREVE Latin-2
#x01C5 U+0139 LATIN CAPITAL LETTER L WITH ACUTE Latin-2
#x01C6 U+0106 LATIN CAPITAL LETTER C WITH ACUTE Latin-2
#x01C8 U+010C LATIN CAPITAL LETTER C WITH CARON Latin-2
#x01CA U+0118 LATIN CAPITAL LETTER E WITH OGONEK Latin-2
#x01CC U+011A LATIN CAPITAL LETTER E WITH CARON Latin-2
#x01CF U+010E LATIN CAPITAL LETTER D WITH CARON Latin-2
#x01DO0 U+0110 LATIN CAPITAL LETTER D WITH STROKE Latin-2
#x01D1 U+0143 LATIN CAPITAL LETTER N WITH ACUTE Latin-2
#x01D2 U+0147 LATIN CAPITAL LETTER N WITH CARON Latin-2
#x01D5 U+0150 LATIN CAPITAL LETTER O WITH DOUBLE ACUTE Latin-2
#x01D8 U+0158 LATIN CAPITAL LETTER R WITH CARON Latin-2
#x01D9 U+016E LATIN CAPITAL LETTER U WITH RING ABOVE Latin-2
#x01DB U+0170 LATIN CAPITAL LETTER U WITH DOUBLE ACUTE Latin-2
#x01DE U+0162 LATIN CAPITAL LETTER T WITH CEDILLA Latin-2
#x01EOQO U+0155 LATIN SMALL LETTER R WITH ACUTE Latin-2
#x01E3 U+0103 LATIN SMALL LETTER A WITH BREVE Latin-2
#x01E5 U+013A LATIN SMALL LETTER L WITH ACUTE Latin-2
#x01E6 U+0107 LATIN SMALL LETTER C WITH ACUTE Latin-2
#x01E8 U+010D LATIN SMALL LETTER C WITH CARON Latin-2
#Xx01EA U+0119 LATIN SMALL LETTER E WITH OGONEK Latin-2
#x01EC U+011B LATIN SMALL LETTER E WITH CARON Latin-2
#x01EF U+010F LATIN SMALL LETTER D WITH CARON Latin-2
#x01F0 U+0111 LATIN SMALL LETTER D WITH STROKE Latin-2
#x01F1 U+0144 LATIN SMALL LETTER N WITH ACUTE Latin-2
#x01F2 U+0148 LATIN SMALL LETTER N WITH CARON Latin-2
#x01F5 U+0151 LATIN SMALL LETTER O WITH DOUBLE ACUTE Latin-2
#x01F8 U+0159 LATIN SMALL LETTER R WITH CARON Latin-2
#x01F9 U+016F LATIN SMALL LETTER U WITH RING ABOVE Latin-2
#x01FB U+0171 LATIN SMALL LETTER U WITH DOUBLE ACUTE Latin-2
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KEYSYM Unicode Name Set
value value

#x01FE U+0163 LATIN SMALL LETTER T WITH CEDILLA Latin-2
#x01FF U+02D9 DOT ABOVE Latin-2
#x02A1 U+0126 LATIN CAPITAL LETTER H WITH STROKE Latin-3
#x02A6 U+0124  LATIN CAPITAL LETTER H WITH CIRCUMFLEX Latin-3
#x02A9 U+0130 LATIN CAPITAL LETTER | WITH DOT ABOVE Latin-3
#x02AB U+011E LATIN CAPITAL LETTER G WITH BREVE Latin-3
#x02AC U+0134 LATIN CAPITAL LETTER J WITH CIRCUMFLEX Latin-3
#x02B1 U+0127 LATIN SMALL LETTER H WITH STROKE Latin-3
#x02B6 U+0125 LATIN SMALL LETTER H WITH CIRCUMFLEX Latin-3
#x02B9 U+0131 LATIN SMALL LETTER DOTLESS | Latin-3
#x02BB U+011F LATIN SMALL LETTER G WITH BREVE Latin-3
#x02BC U+0135 LATIN SMALL LETTER J WITH CIRCUMFLEX Latin-3
#x02C5 U+010A LATIN CAPITAL LETTER C WITH DOT ABOVE Latin-3
#x02C6 U+0108 LATIN CAPITAL LETTER C WITH CIRCUMFLEX Latin-3
#x02D5 U+0120 LATIN CAPITAL LETTER G WITH DOT ABOVE Latin-3
#x02D8 U+011C LATIN CAPITAL LETTER G WITH CIRCUMFLEX Latin-3
#x02DD U+016C LATIN CAPITAL LETTER U WITH BREVE Latin-3
#x02DE U+015C LATIN CAPITAL LETTER S WITH CIRCUMFLEX Latin-3
#x02E5 U+010B LATIN SMALL LETTER C WITH DOT ABOVE Latin-3
#x02E6 U+0109 LATIN SMALL LETTER C WITH CIRCUMFLEX Latin-3
#x02F5 U+0121 LATIN SMALL LETTER G WITH DOT ABOVE Latin-3
#x02F8 U+011D LATIN SMALL LETTER G WITH CIRCUMFLEX Latin-3
#x02FD U+016D LATIN SMALL LETTER U WITH BREVE Latin-3
#x02FE U+015D LATIN SMALL LETTER S WITH CIRCUMFLEX Latin-3
#x03A2 U+0138 LATIN SMALL LETTER KRA Latin-4
#x03A3 U+0156 LATIN CAPITAL LETTER R WITH CEDILLA Latin-4
#x03A5 U+0128 LATIN CAPITAL LETTER | WITH TILDE Latin-4
#x03A6 U+013B LATIN CAPITAL LETTER L WITH CEDILLA Latin-4
#x03AA U+0112 LATIN CAPITAL LETTER E WITH MACRON Latin-4
#x03AB U+0122 LATIN CAPITAL LETTER G WITH CEDILLA Latin-4
#x03AC U+0166 LATIN CAPITAL LETTER T WITH STROKE Latin-4
#x03B3 U+0157 LATIN SMALL LETTER R WITH CEDILLA Latin-4
#x03B5 U+0129 LATIN SMALL LETTER | WITH TILDE Latin-4
#x03B6 U+013C LATIN SMALL LETTER L WITH CEDILLA Latin-4
#x03BA U+0113 LATIN SMALL LETTER E WITH MACRON Latin-4
#x03BB U+0123 LATIN SMALL LETTER G WITH CEDILLA Latin-4
#x03BC U+0167 LATIN SMALL LETTER T WITH STROKE Latin-4
#x03BD U+014A LATIN CAPITAL LETTER ENG Latin-4
#x03BF U+014B LATIN SMALL LETTER ENG Latin-4
#x03CO0 U+0100 LATIN CAPITAL LETTER A WITH MACRON Latin-4
#x03C7 U+012E LATIN CAPITAL LETTER | WITH OGONEK Latin-4
#x03CC U+0116 LATIN CAPITAL LETTER E WITH DOT ABOVE Latin-4
#x03CF U+012A LATIN CAPITAL LETTER | WITH MACRON Latin-4
#x03D1 U+0145 LATIN CAPITAL LETTER N WITH CEDILLA Latin-4
#x03D2 U+014C LATIN CAPITAL LETTER O WITH MACRON Latin-4
#x03D3 U+0136 LATIN CAPITAL LETTER K WITH CEDILLA Latin-4
#x03D9 U+0172 LATIN CAPITAL LETTER U WITH OGONEK Latin-4
#x03DD U+0168 LATIN CAPITAL LETTER U WITH TILDE Latin-4
#x03DE U+016A LATIN CAPITAL LETTER U WITH MACRON Latin-4
#x03E0 U+0101 LATIN SMALL LETTER A WITH MACRON Latin-4
#x03E7 U+012F LATIN SMALL LETTER | WITH OGONEK Latin-4
#x03EC U+0117 LATIN SMALL LETTER E WITH DOT ABOVE Latin-4
#x03EF U+012B LATIN SMALL LETTER | WITH MACRON Latin-4
#x03F1 U+0146 LATIN SMALL LETTER N WITH CEDILLA Latin-4
#x03F2 U+014D LATIN SMALL LETTER O WITH MACRON Latin-4
#x03F3 U+0137 LATIN SMALL LETTER K WITH CEDILLA Latin-4
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KEYSYM Unicode Name Set
value value

#x03F9 U+0173 LATIN SMALL LETTER U WITH OGONEK Latin-4
#x03FD U+0169 LATIN SMALL LETTER U WITH TILDE Latin-4
#x03FE U+016B LATIN SMALL LETTER U WITH MACRON Latin-4
#x047E U+203E OVERLINE Kana
#x04A1 U+3002 KANA FULL STOP Kana
#x04A2 U+300C KANA OPENING BRACKET Kana
#x04A3 U+300D KANA CLOSING BRACKET Kana
#x04A4 U+3001 KANA COMMA Kana
#x04A5 U+30FB KANA CONJUNCTIVE Kana
#x04A6 U+30F2 KANALETTER WO Kana
#x04A7 U+30A1 KANALETTER SMALL A Kana
#x04A8 U+30A3 KANALETTER SMALL I Kana
#x04A9 U+30A5 KANALETTER SMALL U Kana
#X04AA U+30A7 KANALETTER SMALL E Kana
#x04AB U+30A9 KANALETTER SMALL O Kana
#x04AC U+30E3 KANA LETTER SMALL YA Kana
#x04AD U+30E5 KANALETTER SMALL YU Kana
#x04AE U+30E7 KANALETTER SMALL YO Kana
#x04AF U+30C3 KANALETTER SMALL TSU Kana
#x04B0 U+30FC PROLONGED SOUND SYMBOL Kana
#x04B1 U+30A2 KANALETTERA Kana
#x04B2 U+30A4 KANALETTERII Kana
#x04B3 U+30A6 KANALETTERU Kana
#x04B4 U+30A8 KANALETTERE Kana
#x04B5 U+30AA KANALETTER O Kana
#x04B6 U+30AB KANA LETTER KA Kana
#x04B7 U+30AD KANALETTERKI Kana
#x04B8 U+30AF KANA LETTER KU Kana
#x04B9 U+30B1 KANALETTER KE Kana
#x04BA U+30B3 KANA LETTER KO Kana
#x04BB U+30B5 KANALETTER SA Kana
#x04BC U+30B7 KANALETTER SHI Kana
#x04BD U+30B9 KANALETTER SU Kana
#x04BE U+30BB KANALETTER SE Kana
#x04BF U+30BD KANALETTER SO Kana
#x04C0 U+30BF KANALETTERTA Kana
#x04C1 U+30C1 KANALETTER CHI Kana
#x04C2 U+30C4 KANALETTER TSU Kana
#x04C3 U+30C6 KANALETTERTE Kana
#x04C4 U+30C8 KANALETTER TO Kana
#x04C5 U+30CA KANALETTER NA Kana
#x04C6 U+30CB KANALETTER NI Kana
#x04C7 U+30CC KANALETTER NU Kana
#x04C8 U+30CD KANALETTER NE Kana
#x04C9 U+30CE KANALETTER NO Kana
#x04CA U+30CF KANALETTER HA Kana
#x04CB U+30D2 KANALETTER HI Kana
#x04CC U+30D5 KANALETTERFU Kana
#x04CD U+30D8 KANA LETTER HE Kana
#x04CE U+30DB KANALETTER HO Kana
#x04CF U+30DE KANA LETTER MA Kana
#x04D0 U+30DF KANA LETTER MI Kana
#x04D1 U+30E0 KANALETTER MU Kana
#x04D2 U+30E1 KANALETTER ME Kana
#x04D3 U+30E2 KANALETTER MO Kana
#x04D4 U+30E4 KANALETTER YA Kana
#x04D5 U+30E6 KANALETTER YU Kana
#x04D6 U+30E8 KANALETTER YO Kana
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KEYSYM Unicode Name Set
value value

#x04D7 U+30E9 KANALETTER RA Kana
#x04D8 U+30EA KANALETTERRI Kana
#x04D9 U+30EB KANALETTER RJ Kana
#x04DA U+30EC KANA LETTER RE Kana
#x04DB U+30ED KANALETTER RO Kana
#x04DC U+30EF KANALETTER WA Kana
#x04DD U+30F3 KANALETTERN Kana
#x04DE U+309B VOICED SOUND SYMBOL Kana
#x04DF U+309C SEMIVOICED SOUND SYMBOL Kana
#X05AC U+060C ARABICCOMMA Arabic
#x05BB U+061B ARABIC SEMICOLON Arabic
#x05BF U+061F ARABIC QUESTION MARK Arabic
#x05C1 U+0621 ARABIC LETTER HAMZA Arabic
#x05C2 U+0622 ARABIC LETTER ALEF WITH MADDA ABOVE Arabic
#x05C3 U+0623 ARABIC LETTER ALEF WITH HAMZA ABOVE Arabic
#x05C4 U+0624 ARABIC LETTER WAW WITH HAMZA ABOVE Arabic
#x05C5 U+0625 ARABIC LETTER ALEF WITH HAMZA BELOW Arabic
#x05C6 U+0626 ARABIC LETTER YEH WITH HAMZA ABOVE Arabic
#x05C7 U+0627 ARABIC LETTER ALEF Arabic
#x05C8 U+0628 ARABIC LETTER BEH Arabic
#x05C9 U+0629 ARABIC LETTER TEH MARBUTA Arabic
#x05CA U+062A ARABIC LETTER TEH Arabic
#x05CB U+062B ARABIC LETTER THEH Arabic
#x05CC U+062C ARABIC LETTER JEEM Arabic
#x05CD U+062D ARABIC LETTER HAH Arabic
#x05CE U+062E ARABIC LETTER KHAH Arabic
#x05CF U+062F ARABIC LETTER DAL Arabic
#x05D0 U+0630 ARABIC LETTER THAL Arabic
#x05D1 U+0631 ARABIC LETTER REH Arabic
#x05D2 U+0632 ARABIC LETTER ZAIN Arabic
#x05D3 U+0633 ARABIC LETTER SEEN Arabic
#x05D4 U+0634 ARABIC LETTER SHEEN Arabic
#x05D5 U+0635 ARABIC LETTER SAD Arabic
#x05D6 U+0636 ARABIC LETTER DAD Arabic
#x05D7 U+0637 ARABIC LETTER TAH Arabic
#x05D8 U+0638 ARABIC LETTER ZAH Arabic
#x05D9 U+0639 ARABIC LETTER AIN Arabic
#x05DA U+063A  ARABICLETTER GHAIN Arabic
#x05E0 U+0640 ARABIC TATWEEL Arabic
#x05E1 U+0641 ARABIC LETTER FEH Arabic
#X05E2 U+0642 ARABIC LETTER QAF Arabic
#x05E3 U+0643 ARABIC LETTER KAF Arabic
#x05E4 U+0644 ARABIC LETTER LAM Arabic
#x05E5 U+0645 ARABIC LETTER MEEM Arabic
#x05E6 U+0646 ARABIC LETTER NOON Arabic
#x05E7 U+0647 ARABIC LETTER HEH Arabic
#x05E8 U+0648 ARABIC LETTER WAW Arabic
#x05E9 U+0649 ARABIC LETTER ALEF MAKSURA Arabic
#X05EA U+064A ARABIC LETTER YEH Arabic
#x05EB U+064B ARABIC FATHATAN Arabic
#X05EC U+064C ARABIC DAMMATAN Arabic
#x05ED U+064D ARABIC KASRATAN Arabic
#x05EE U+064E ARABIC FATHA Arabic
#X05EF U+064F ARABIC DAMMA Arabic
#x05F0 U+0650 ARABIC KASRA Arabic
#x05F1 U+0651 ARABIC SHADDA Arabic
#x05F2 U+0652 ARABIC SUKUN Arabic

99



KEYSYM Unicode Name Set
value value

#x06A1 U+0452 CYRILLIC SMALL LETTER DJE Cyrillic
#x06A2 U+0453 CYRILLIC SMALL LETTER GJE Cyrillic
#x06A3 U+0451 CYRILLIC SMALL LETTER IO Cyrillic
#x06A4 U+0454 CYRILLIC SMALL LETTER UKRAINIAN IE Cyrillic
#x06A5 U+0455 CYRILLIC SMALL LETTER DZE Cyrillic
#x06A6 U+0456 CYRILLIC SMALL LETTER BYELORUSSIAN-UKRAINIAN | Cyrillic
#x06A7 U+0457 CYRILLIC SMALL LETTER VI Cyrillic
#x06A8 U+0458 CYRILLIC SMALL LETTER JE Cyrillic
#x06A9 U+0459 CYRILLIC SMALL LETTER LJE Cyrillic
#X06AA U+045A CYRILLIC SMALL LETTER NJE Cyrillic
#x06AB U+045B CYRILLIC SMALL LETTER TSHE Cyrillic
#X06AC U+045C CYRILLICSMALL LETTER KJE Cyrillic
#x06AD U+0491 CYRILLIC SMALL LETTER GHE WITH UPTURN Cyrillic
#X06AE U+045E CYRILLIC SMALL LETTER SHORT U Cyrillic
#x06AF U+045F CYRILLIC SMALL LETTER DZHE Cyrillic
#x06B0 U+2116 NUMERO SGN Cyrillic
#x06B1 U+0402 CYRILLIC CAPITAL LETTER DJE Cyrillic
#x06B2 U+0403 CYRILLIC CAPITAL LETTER GJE Cyrillic
#x06B3 U+0401 CYRILLIC CAPITAL LETTER IO Cyrillic
#x06B4 U+0404 CYRILLIC CAPITAL LETTER UKRAINIAN IE Cyrillic
#x06B5 U+0405 CYRILLIC CAPITAL LETTER DZE Cyrillic
#x06B6 U+0406 CYRILLIC CAPITAL LETTER BYELORUSSIAN-UKRAINIAN | Cyrillic
#x06B7 U+0407 CYRILLIC CAPITAL LETTER VI Cyrillic
#x06B8 U+0408 CYRILLIC CAPITAL LETTER JE Cyrillic
#x06B9 U+0409 CYRILLIC CAPITAL LETTER LJE Cyrillic
#x06BA U+040A CYRILLIC CAPITAL LETTER NJE Cyrillic
#x06BB U+040B CYRILLIC CAPITAL LETTER TSHE Cyrillic
#x06BC U+040C CYRILLIC CAPITAL LETTER KJE Cyrillic
#x06BD U+0490 CYRILLIC CAPITAL LETTER GHE WITH UPTURN Cyrillic
#x06BE U+040E CYRILLIC CAPITAL LETTER SHORI U Cyrillic
#x06BF U+040F CYRILLIC CAPITAL LETTER DZHE Cyrillic
#x06C0 U+044E CYRILLIC SMALL LETTER YU Cyrillic
#x06C1 U+0430 CYRILLIC SMALL LETTER A Cyrillic
#x06C2 U+0431 CYRILLIC SMALL LETTER BE Cyrillic
#x06C3 U+0446 CYRILLIC SMALL LETTER TSE Cyrillic
#x06C4 U+0434 CYRILLIC SMALL LETTER DE Cyrillic
#x06C5 U+0435 CYRILLIC SMALL LETTER IE Cyrillic
#x06C6 U+0444 CYRILLIC SMALL LETTER EF Cyrillic
#x06C7 U+0433 CYRILLIC SMALL LETTER GHE Cyrillic
#x06C8 U+0445 CYRILLIC SMALL LETTER HA Cyrillic
#x06C9 U+0438 CYRILLIC SMALL LETTER | Cyrillic
#x06CA U+0439 CYRILLIC SMALL LETTER SHORT | Cyrillic
#x06CB U+043A CYRILLIC SMALL LETTER KA Cyrillic
#x06CC U+043B CYRILLIC SMALL LETTER EL Cyrillic
#x06CD U+043C CYRILLIC SMALL LETTER EM Cyrillic
#x06CE U+043D CYRILLIC SMALL LETTER EN Cyrillic
#x06CF U+043E CYRILLIC SMALL LETTER O Cyrillic
#x06D0 U+043F CYRILLIC SMALL LETTER PE Cyrillic
#x06D1 U+044F CYRILLIC SMALL LETTER YA Cyrillic
#x06D2 U+0440 CYRILLIC SMALL LETTER ER Cyrillic
#x06D3 U+0441 CYRILLIC SMALL LETTER ES Cyrillic
#x06D4 U+0442 CYRILLIC SMALL LETTERTE Cyrillic
#x06D5 U+0443 CYRILLIC SMALL LETTER U Cyrillic
#x06D6 U+0436 CYRILLIC SMALL LETTER ZHE Cyrillic
#x06D7 U+0432 CYRILLIC SMALL LETTER VE Cyrillic
#x06D8 U+044C CYRILLIC SMALL LETTER SOFT SIGN Cyrillic
#x06D9 U+044B CYRILLIC SMALL LETTER YERU Cyrillic
#x06DA U+0437 CYRILLICSMALL LETTER ZE Cyrillic
#x06DB U+0448 CYRILLIC SMALL LETTER SHA Cyrillic
#x06DC U+044D CYRILLIC SMALL LETTER E Cyrillic
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#x06DD U+0449 CYRILLIC SMALL LETTER SHCHA Cyrillic
#x06DE U+0447 CYRILLIC SMALL LETTER CHE Cyrillic
#x06DF U+044A CYRILLIC SMALL LETTER HARD SIGN Cyrillic
#x06E0 U+042E CYRILLIC CAPITAL LETTER YU Cyrillic
#x06E1 U+0410 CYRILLIC CAPITAL LETTER A Cyrillic
#x06E2 U+0411 CYRILLIC CAPITAL LETTER BE Cyrillic
#x06E3 U+0426 CYRILLIC CAPITAL LETTER TSE Cyrillic
#x06E4 U+0414 CYRILLIC CAPITAL LETTER DE Cyrillic
#x06E5 U+0415 CYRILLIC CAPITAL LETTER IE Cyrillic
#x06E6 U+0424 CYRILLIC CAPITAL LETTER EF Cyrillic
#X06E7 U+0413 CYRILLIC CAPITAL LETTER GHE Cyrillic
#x06E8 U+0425 CYRILLIC CAPITAL LETTER HA Cyrillic
#x06E9 U+0418 CYRILLIC CAPITAL LETTER | Cyrillic
#X06EA U+0419 CYRILLIC CAPITAL LETTER SHOR | Cyrillic
#x06EB U+041A CYRILLIC CAPITAL LETTER KA Cyrillic
#x06EC U+041B CYRILLIC CAPITAL LETTER EL Cyrillic
#x06ED U+041C CYRILLIC CAPITAL LETTER EM Cyrillic
#x06EE U+041D CYRILLIC CAPITAL LETTER EN Cyrillic
#X06EF U+041E CYRILLIC CAPITAL LETTER O Cyrillic
#x06F0 U+041F CYRILLIC CAPITAL LETTER PE Cyrillic
#x06F1 U+042F CYRILLIC CAPITAL LETTER YA Cyrillic
#x06F2 U+0420 CYRILLIC CAPITAL LETTER ER Cyrillic
#x06F3 U+0421 CYRILLIC CAPITAL LETTER ES Cyrillic
#x06F4 U+0422 CYRILLIC CAPITAL LETTER TE Cyrillic
#x06F5 U+0423 CYRILLIC CAPITAL LETTER U Cyrillic
#x06F6 U+0416 CYRILLIC CAPITAL LETTER ZHE Cyrillic
#x06F7 U+0412 CYRILLIC CAPITAL LETTER VE Cyrillic
#x06F8 U+042C CYRILLIC CAPITAL LETTER SOFT SIGN Cyrillic
#x06F9 U+042B CYRILLIC CAPITAL LETTER YERU Cyrillic
#x06FA uU+0417 CYRILLICCAPITAL LETTER ZE Cyrillic
#x06FB U+0428 CYRILLIC CAPITAL LETTER SHA Cyrillic
#x06FC U+042D CYRILLIC CAPITAL LETTER E Cyrillic
#x06FD U+0429 CYRILLIC CAPITAL LETTER SHCHA Cyrillic
#x06FE U+0427 CYRILLIC CAPITAL LETTER CHE Cyrillic
#x06FF U+042A CYRILLIC CAPITAL LETTER HARD SIGN Cyrillic
#x07A1 U+0386 GREEK CAPITAL LETTER ALPHA WITH TONOS Greek
#x07A2 U+0388 GREEK CAPITAL LETTER EPSILON WITH DNOS Greek
#x07A3 U+0389 GREEK CAPITAL LETTER ER WITH TONOS Greek
#x07A4 U+038A GREEK CAPITAL LETTER IOA WITH TONOS Greek
#x07A5 U+03AA GREEK CAPITAL LETTER IGA WITH DIALYTIKA Greek
#x07A7 U+038C GREEK CAPITAL LETTER OMICRON WITH DNOS Greek
#x07A8 U+038E GREEK CAPITAL LETTER UPSILON WITH DNOS Greek
#x07A9 U+03AB GREEK CAPITAL LETTER UPSILON WITH DIALYTIKA Greek
#x07AB U+038F GREEK CAPITAL LETTER OMEGA WITH ONOS Greek
#x07AE U+0385 GREEK DIALYTIKA TONOS Greek
#x07AF U+2015 HORIZONTAL BAR Greek
#x07B1 U+03AC GREEK SMALL LETTER ALPHA WITH TONOS Greek
#x07B2 U+03AD GREEK SMALL LETTER EPSILON WITH DNOS Greek
#x07B3 U+03AE GREEK SMALL LETTER ERA WITH TONOS Greek
#x07B4 U+03AF GREEK SMALL LETTER IOTA WITH TONOS Greek
#x07B5 U+03CA GREEK SMALL LETTER IOTA WITH DIALYTIKA Greek
#x07B6 U+0390 GREEK SMALL LETTER IOTA WITH DIALYTIKA AND T ONOS Greek
#x07B7 U+03CC GREEK SMALL LETTER OMICRON WITH ODNOS Greek
#x07B8 U+03CD GREEK SMALL LETTER UPSILON WITH DNOS Greek
#x07B9 U+03CB GREEK SMALL LETTER UPSILON WITH DIALYTIKA Greek
#x07BA U+03B0 GREEKSMALL LETTER UPSILON WITH DIALYTIKA AND TONOS  Greek
#x07BB U+03CE GREEK SMALL LETTER OMEGA WITH TONOS Greek
#x07C1 U+0391 GREEK CAPITAL LETTER ALPHA Greek
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#x07C2 U+0392 GREEK CAPITAL LETTER BER Greek
#x07C3 U+0393 GREEK CAPITAL LETTER GAMMA Greek
#x07C4 U+0394 GREEK CAPITAL LETTER DEOA Greek
#x07C5 U+0395 GREEK CAPITAL LETTER EPSILON Greek
#x07C6 U+0396 GREEK CAPITAL LETTER ZERA Greek
#x07C7 U+0397 GREEK CAPITAL LETTER ERA Greek
#x07C8 U+0398 GREEK CAPITAL LETTER THER Greek
#x07C9 U+0399 GREEK CAPITAL LETTER IGA Greek
#x07CA U+039A GREEK CAPITAL LETTER KAPRA Greek
#x07CB U+039B GREEK CAPITAL LETTER LAMDA Greek
#x07CC U+039C GREEK CAPITAL LETTER MU Greek
#x07CD U+039D GREEK CAPITAL LETTER NU Greek
#x07CE U+039E GREEK CAPITAL LETTER XI Greek
#x07CF U+039F GREEK CAPITAL LETTER OMICFRON Greek
#x07D0 U+03A0 GREEK CAPITAL LETTER PI Greek
#x07D1 U+03A1 GREEK CAPITAL LETTER RHO Greek
#x07D2 U+03A3 GREEK CAPITAL LETTER SIGMA Greek
#x07D4 U+03A4 GREEK CAPITAL LETTER RU Greek
#x07D5 U+03A5 GREEK CAPITAL LETTER UPSILON Greek
#x07D6 U+03A6 GREEK CAPITAL LETTER PHI Greek
#x07D7 U+03A7 GREEK CAPITAL LETTER CHI Greek
#x07D8 U+03A8 GREEK CAPITAL LETTER PSI Greek
#x07D9 U+03A9 GREEK CAPITAL LETTER OMEGA Greek
#x07E1 U+03B1 GREEK SMALL LETTER ALPHA Greek
#X07E2 U+03B2 GREEK SMALL LETTER BER Greek
#x07E3 U+03B3 GREEK SMALL LETTER GAMMA Greek
#x07E4 U+03B4 GREEK SMALL LETTER DEITA Greek
#x07E5 U+03B5 GREEK SMALL LETTER EPSILON Greek
#x07E6 U+03B6 GREEK SMALL LETTER ZER Greek
#x07E7 U+03B7 GREEK SMALL LETTER ERA Greek
#x07E8 U+03B8 GREEK SMALL LETTER THER Greek
#x07E9 U+03B9 GREEK SMALL LETTER IOTA Greek
#X07EA U+03B\ GREEK SMALL LETTER KAPRA Greek
#x07EB U+03BB GREEK SMALL LETTER LAMDA Greek
#x07EC U+03BC GREEK SMALL LETTER MU Greek
#x07ED U+03BD GREEK SMALL LETTER NU Greek
#x07EE U+03BE GREEK SMALL LETTER XI Greek
#X07EF U+03BF GREEK SMALL LETTER OMICFON Greek
#x07F0 U+03C0 GREEK SMALL LETTER PI Greek
#x07F1 U+03C1 GREEK SMALL LETTER RHO Greek
#x07F2 U+03C3 GREEK SMALL LETTER SIGMA Greek
#x07F3 U+03C2 GREEK SMALL LETTER FINAL SIGMA Greek
#x07F4 U+03C4 GREEK SMALL LETTER AU Greek
#x07F5 U+03C5 GREEK SMALL LETTER UPSILON Greek
#x07F6 U+03C6 GREEK SMALL LETTER PHI Greek
#x07F7 U+03C7 GREEK SMALL LETTER CHI Greek
#x07F8 U+03C8 GREEK SMALL LETTER PSI Greek
#x07F9 U+03C9 GREEK SMALL LETTER OMEGA Greek
#x08A1 U+23B7 LEFT RADICAL Technical
#x08A2 - TOP LEFT RADICAL Technical
#x08A3 - HORIZONTAL CONNECTOR Technical
#x08A4 U+2320 TOP INTEGRAL Technical
#x08A5 U+2321 BOTTOM INTEGRAL Technical
#x08A6 - VERTICAL CONNECTOR Technical
#x08A7 U+23A1 TOP LEFT SQJARE BRACKET Technical
#x08A8 U+23A3 BOTTOM LEFT SQUARE BRACKET Technical
#x08A9 U+23A4 TOP RGHT SQUARE BRACKET Technical
#x08AA U+23A6 BOTTOM RIGHT SQJARE BRACKET Technical
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#x08AB U+239B TOP LEFT FARENTHESIS Bchnical
#x08AC U+239D BO'TOM LEFT FARENTHESIS Echnical
#x08AD U+239E TOP RGHT PARENTHESIS Echnical
#x08AE U+23A0 BOTTOM RIGHT ARENTHESIS Bchnical
#x08AF U+23A8 LEFT MIDDLE CURLY BRACE Technical
#x08B0 U+23AC RIGHT MIDDLE CURLY BRACE Technical
#x08B1 - TOP LEFT SUMMATION Technical
#x08B2 - BOTTOM LEFT SUMMATION Technical
#x08B3 - TOP VERTICAL SUMMATION CONNECTOR Technical
#x08B4 - BOTTOM VERTICAL SUMMATION CONNECTOR Technical
#x08B5 - TOP RGHT SUMMATION Technical
#x08B6 - BOTTOM RIGHT SUMMATION Technical
#x08B7 - RIGHT MIDDLE SUMMATION Technical
#x08BC U+2264 LESS THAN OR EQIAL SIGN Technical
#x08BD U+2260 NOT EQUAL SIGN Technical
#x08BE U+2265 GREATER THAN OR EQIAL SIGN Technical
#x08BF U+222B INTEGRAL Technical
#x08C0 U+2234 THEREFORE ‘Echnical
#x08C1 U+221D VARIATION, PROPORTIONAL O Technical
#x08C2 U+221E INFINITY Technical
#x08C5 U+2207 NABLA, DEL Technical
#x08C8 U+223C IS APPROXIMATE TO Technical
#x08C9 U+2243 SIMILAR OR EQUAL TO Technical
#x08CD U+21D4 IF AND ONLY IF Technical
#x08CE U+21D2 IMPLIES Technical
#x08CF U+2261 IDENTICALTO Technical
#x08D6 U+221A RADICAL Technical
#x08DA U+2282 ISINCLUDED IN Technical
#x08DB U+2283 INCLUDES Technical
#x08DC U+2229 INTERSECTION Echnical
#x08DD U+222A  UNION Technical
#x08DE U+2227 LOGICAL AND Technical
#x08DF U+2228 LOGICAL OR Technical
#x08EF U+2202 PARTIAL DERIVATIVE Technical
#x08F6 U+0192 FUNCTION Technical
#x08FB U+2190 LEFT ARROW Technical
#x08FC U+2191 UPWARD ARROW Technical
#x08FD U+2192 RIGHT ARROW Technical
#x08FE U+2193 DOWNWARD ARROW Technical
#x09DF - BLANK Special
#x09E0 U+25C6 SOLID DIAMOND Special
#x09E1 U+2592 CHECKERB®ARD Special
#x09E2 U+2409 “HT” Special
#x09E3 U+240C “FF” Special
#x09E4 U+240D “CR” Special
#X09ES U+240A “LF” Special
#x09E8 U+2424 “NL” Special
#x09E9 u+240B “VT” Special
#x09EA U+2518 LOWER-RIGHT CORNER Special
#x09EB U+2510 UPPER-RIGHT CORNER Special
#x09EC U+250C UPPER-LEFT CORNER Special
#x09ED U+2514 LOWER-LEFT CORNER Special
#x09EE U+253C CROSSING-LINES Special
#X09EF U+23B\ HORIZONTAL LINE, SCAN 1 Special
#x09F0 U+23BB HORIZONTAL LINE, SCAN 3 Special
#x09F1 U+2500 HORIZONTAL LINE, SCAN 5 Special
#x09F2 U+23BC HORIZONTAL LINE, SCAN 7 Special
#x09F3 U+23BD HORIZONTAL LINE, SCAN 9 Special
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#x09F4 U+251C LEFT “T" Special
#x09F5 U+2524 RIGHT “T"’ Special
#x09F6 U+2534 BOTTOM “T"’ Special
#x09F7 U+252C TOP “T" Special
#x09F8 U+2502 VERTICAL BAR Special
#x0AAL U+2003 EM SRACE Publish
#X0AA2 U+2002 EN SRACE Publish
#x0AA3 U+2004 3/EM SRACE Publish
#x0AA4 U+2005 4/EM SRACE Publish
#x0AA5 U+2007 DIGIT SRACE Publish
#x0AA6 U+2008 PUNCTUATION SRACE Publish
#X0AAT7 U+2009 THIN SRACE Publish
#x0AA8 U+200A HAIR SPACE Publish
#x0AA9 U+2014 EM DASH Publish
#X0AAA U+2013 EN DASH Publish
#X0AAC - 9GNIFICANT BLANK SYMBOL Publish
#X0AAE U+2026 ELLIPSIS Publish
#X0AAF U+2025 DOUBLE BASELINE DOr Publish
#x0ABO U+2153 VULGAR FRACTION ONE THIRD Publish
#x0AB1 U+2154 VULGAR FRACTION TWO THIRDS Publish
#x0AB2 U+2155 VULGAR FRACTION ONE FIFTH Publish
#x0AB3 U+2156 VULGAR FRACTION TWO HAFTHS Publish
#x0AB4 U+2157 VULGAR FRACTION THREE FIFTHS Publish
#x0AB5 U+2158 VULGAR FRACTION FOUR FIFTHS Publish
#x0AB6 U+2159 VULGAR FRACTION ONE SIXTH Publish
#x0AB7 U+215A VULGAR FRACTION FIVE SIXTHS Publish
#x0AB8 U+2105 CARE OF Publish
#x0ABB U+2012 FIGURE DASH Publish
#x0ABC - LEFT ANGLE BRACKET Publish
#x0ABD - DECIMAL POINT Publish
#x0ABE - RIGHT ANGLE BRACKET Publish
#x0ABF - MARKER Publish
#x0AC3 U+215B VULGAR FRACTION ONE EIGHTH Publish
#x0AC4 U+215C VULGAR FRACTION THREE EIGHTHS Publish
#x0AC5 U+215D VULGAR FRACTION FIVE EIGHTHS Publish
#x0AC6 U+215E VULGAR FRACTION SEVEN EIGHTHS Publish
#x0AC9 U+2122 TRADEMARK SIGN Publish
#X0ACA - SIGNATURE MARK Publish
#x0ACB - TRADEMARK SIGN IN CIRCLE Publish
#x0ACC - LEFT OPEN TRIANGLE Publish
#X0ACD - RIGHT OPEN TRIANGLE Publish
#x0ACE - EM OPEN CIRCLE Publish
#X0ACF - EM OPEN RECANGLE Publish
#x0ADO U+2018 LEFT SINGLE QUOATION MARK Publish
#x0AD1 U+2019 RIGHT SINGLE QUOATION MARK Publish
#x0AD2 U+201C LEFT DOUBLE QUOATION MARK Publish
#x0AD3 U+201D RIGHT DOUBLE QUOATION MARK Publish
#x0AD4 U+211E PRESCRIPTION, TAKE, RECIPE Publish
#x0AD6 U+2032 MINUTES Publish
#x0AD7 U+2033 SECONDS Publish
#x0AD9 U+271D LATIN CROSS Publish
#x0ADA - HEXAGRAM Publish
#x0ADB - FILLED RECTANGLE BULLET Publish
#x0ADC - FILLED LEFT TRIANGLE BULLET Publish
#x0ADD - FILLED RIGHT TRIANGLE BULLET Publish
#x0ADE - EM FILLED CIRCLE Publish
#X0ADF - EM FILLED RECTANGLE Publish
#X0AEO - EN OPEN CIRCLE BILLET Publish
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#x0AE1 - EN OPEN SQARE BULLET Publish
#X0AE2 - OPEN RECTANGULAR RILLET Publish
#X0AE3 - OPEN TRIANGULAR BULLET UP Publish
#x0AE4 - OPEN TRIANGULAR BULLET DOWVN Publish
#x0AES - OPEN SRR Publish
#X0AE6 - EN FILLED CIRCLE BULLET Publish
#X0AE7 - EN FILLED SQUARE BULLET Publish
#x0AES8 - FILLED TRIANGULAR BULLET UP Publish
#X0AE9 - FILLED TRIANGULAR BULLET DOWN Publish
#X0AEA - LEFT POINTER Publish
#X0AEB - RIGHT POINTER Publish
#X0AEC U+2663 CLUB Publish
#X0AED U+2666 DIAMOND Publish
#X0AEE U+2665 HEART Publish
#x0AFO U+2720 MALTESE CROSS Publish
#x0AF1 U+2020 DAGGER Publish
#X0AF2 U+2021 DOUBLE DAGGER Publish
#x0AF3 U+2713 CHECK MARK, TICK Publish
#x0AF4 U+2717 BALLOT CROSS Publish
#X0AF5 U+266F MUSICAL SHARP Publish
#x0AF6 U+266D MUSICAL FLAT Publish
#X0AF7 U+2642 MALE SYMBOL Publish
#x0AF8 U+2640 FEMALE SYMBOL Publish
#x0AF9 U+260E TELEPHONE SYMBOL Publish
#X0AFA U+2315 TELEPHONERECORDER SYMBOL Publish
#x0AFB U+2117 PHONOGRAPH COPYRIGHT SIGN Publish
#X0AFC U+2038 CARET Publish
#X0AFD U+201A SINGLE LOW QUOTATION MARK Publish
#X0AFE U+201E DOUBLE LOW QUOTATION MARK Publish
#X0AFF - CURSOR Publish
#x0BA3 - LEFT CARET APL
#x0BA6 - RIGHT CARET APL
#x0BA8 - DOWN CARET APL
#x0BA9 - UP CARET APL
#x0BCO - OVERBAR APL
#x0BC2 U+22A5 DOWN TACK APL
#x0BC3 - UP SHOE (CAP) APL
#x0BC4 U+230A DOWN STILE APL
#x0BC6 - UNDERBAR APL
#x0BCA U+2218 JOT APL
#x0BCC U+2395 QUAD APL
#x0BCE U+22A4 UP TACK APL
#x0BCF U+25CB CIRCLE APL
#x0BD3 U+2308 UP STILE APL
#x0BD6 - DOWN SHOE (CUP) APL
#x0BD8 - RIGHT SHOE APL
#x0BDA - LEFT SHOE APL
#x0BDC U+22A2 LEFT TACK APL
#x0BFC U+22A3 RIGHT TACK APL
#x0CDF U+2017 DOUBLE LOW LINE Hebrev
#x0CEO U+05D0 HEBREW LETTER ALEF Hebrew
#x0CE1 U+05D1 HEBREW LETTER BET Hebrew
#x0CE2 U+05D2 HEBREW LETTER GIMEL Hebrew
#x0CE3 U+05D3 HEBREW LETTER DALET Hebrav
#x0CE4 U+05D4 HEBREW LETTER HE Hebrew
#x0CES5 U+05D5 HEBREW LETTER \&A/ Hebrew
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#x0CE6 U+05D6 HEBREW LETTER ZA'IN Hebrew
#x0CE7 U+05D7 HEBREW LETTER HET Hebrew
#x0CE8 U+05D8 HEBREW LETTER TET Hebrew
#x0CE9 U+05D9 HEBREW LETTER YOD Hebrev
#x0CEA U+050A HEBREW LETTER FINAL KAF Hebrew
#x0CEB U+05DB HEBREW LETTER KAF Hebrew
#x0CEC U+05DC HEBREW LETTER LAMED Hebrew
#x0CED U+05DD HEBREW LETTER FINAL MEM Hebrew
#x0CEE U+05DE HEBREW LETTER MEM Hebrew
#x0CEF U+05DF HEBREW LETTER FINAL NUN Hebrew
#x0CFO U+05E0 HEBREW LETTER NUN Hebrew
#x0CF1 U+05E1 HEBREW LETTER SAMEKH Hebrew
#x0CF2 U+05E2 HEBREW LETTER AIN Hebrew
#x0CF3 U+05E3 HEBREW LETTER FINAL PE Hebrew
#x0CF4 U+05E4 HEBREW LETTER PE Hebrew
#x0CF5 U+05E5 HEBREW LETTER FINAL TSADI Hebrew
#x0CF6 U+05E6 HEBREW LETTER TSADI Hebrew
#x0CF7 U+05E7 HEBREW LETTER QOF Hebrew
#x0CF8 U+05E8 HEBREW LETTER RESH Hebrew
#x0CF9 U+05E9 HEBREW LETTER SHIN Hebrew
#X0CFA U+05EA HEBREWLETTER TAV Hebrew
#x0DA1 U+0EO1 THAI CHARACTER KO KAl Thai
#x0DA2 U+0E02 THAI CHARACTER KHO KHAI Thai
#x0DA3 U+0E03 THAI CHARACTER KHO KHUAT Thai
#x0DA4 U+0E04 THAI CHARACTER KHO KHWAI Thai
#x0DA5 U+0E05 THAI CHARACTER KHO KHON Thai
#x0DA6 U+0E06 THAI CHARACTER KHO RAKHANG Thai
#x0DA7 U+0EO7 THAI CHARACTER NGO NGU Thai
#x0DA8 U+0E08 THAI CHARACTER CHO CHAN Thai
#x0DA9 U+0E09 THAI CHARACTER CHO CHING Thai
#x0DAA U+0EOA THAI CHARACTER CHO CHANG Thai
#x0DAB U+0OEOB THAI CHARACTER SO SO Thai
#x0DAC U+OEOC THAICHARACTER CHO CHOE Thai
#x0DAD U+0EOD THAI CHARACTER YO YING Thai
#x0DAE U+0EOE THAI CHARACTER DO CHADA Thai
#x0DAF U+0OEOF THAI CHARACTER TO PATAK Thai
#x0DBO U+0E10 THAI CHARACTER THO THAN Thai
#x0DB1 U+0E11 THAI CHARACTER THO NANGMONTHO Thai
#x0DB2 U+0E12 THAI CHARACTER THO PHUTHAO Thai
#x0DB3 U+0E13 THAI CHARACTER NO NEN Thai
#x0DB4 U+0E14 THAI CHARACTER DO DEK Thai
#x0DB5 U+0E15 THAI CHARACTER TO TAO Thai
#x0DB6 U+0E16 THAI CHARACTER THO THUNG Thai
#x0DB7 U+0E17 THAI CHARACTER THO THAHAN Thai
#x0DB8 U+0E18 THAI CHARACTER THO THONG Thai
#x0DB9 U+0E19 THAI CHARACTER NO NU Thai
#x0DBA U+OE1A THAICHARACTER BO BAIMAI Thai
#x0DBB U+0E1B THAI CHARACTER PO PLA Thai
#x0DBC U+0OE1C THAI CHARACTER PHO PHUNG Thai
#x0DBD U+0E1D THAI CHARACTER FO A Thai
#x0DBE U+OE1E THAI CHARACTER PHO PHAN Thai
#x0DBF U+OE1F THAI CHARACTER FO AN Thai
#x0DCO U+0E20 THAI CHARACTER PHO SAMPHAO Thai
#x0DC1 U+0E21 THAI CHARACTER MO MA Thai
#x0DC2 U+0E22 THAI CHARACTER YO YAK Thai
#x0DC3 U+0E23 THAI CHARACTER RO RUA Thai
#x0DC4 U+0E24 THAI CHARACTER RU Thai
#x0DC5 U+0E25 THAI CHARACTER LO LING Thai
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#x0DC6 U+0E26 THAI CHARACTER LU Thai
#x0DC7 U+0E27 THAI CHARACTER WO WAEN Thai
#x0DC8 U+0E28 THAI CHARACTER SO SALA Thai
#x0DC9 U+0E29 THAI CHARACTER SO RJSI Thai
#x0DCA U+0E2A THAI CHARACTER SO Sl Thai
#x0DCB U+0E2B THAI CHARACTER HO HIP Thai
#x0DCC U+0E2C THAI CHARACTER LO CHULA Thai
#x0DCD U+0E2D THAI CHARACTER O ANG Thai
#x0DCE U+0OE2E THAI CHARACTER HO NOKHUK Thai
#x0DCF U+0E2F THAI CHARACTER PAIYANNOI Thai
#x0DDO U+0E30 THAI CHARACTER SARA A Thai
#x0DD1 U+0E31 THAI CHARACTER MAI HAN-AKAT Thai
#x0DD2 U+0E32 THAI CHARACTER SARA AA Thai
#x0DD3 U+0E33 THAI CHARACTER SARA AM Thai
#x0DD4 U+0E34 THAI CHARACTER SARA | Thai
#x0DD5 U+0E35 THAI CHARACTER SARA Il Thai
#x0DD6 U+0E36 THAI CHARACTER SARA UE Thai
#x0DD7 U+0E37 THAI CHARACTER SARA UEE Thai
#x0DD8 U+0E38 THAI CHARACTER SARA U Thai
#x0DD9 U+0E39 THAI CHARACTER SARA UU Thai
#x0DDA U+0OE3A  THAICHARACTER PHINTHU Thai
#x0DDF U+0E3F THAI CURRENCY SYMBOL BAHT Thai
#x0DEO U+0E40 THAI CHARACTER SARAE Thai
#x0DE1 U+0E41 THAI CHARACTER SARA AE Thai
#x0DE2 U+0E42 THAI CHARACTER SARA O Thai
#x0DE3 U+0E43 THAI CHARACTER SARA Al MAIMUAN Thai
#x0DE4 U+0E44 THAI CHARACTER SARA Al MAIMALAI Thai
#x0DES5 U+0E45 THAI CHARACTER LAKKHANGYAO Thai
#x0DE6 U+0E46 THAI CHARACTER MAIYAMOK Thai
#xODE7 U+0E47 THAI CHARACTER MAITAIKHU Thai
#x0DE8 U+0E48 THAI CHARACTER MAI EK Thai
#x0DE9 U+0E49 THAI CHARACTER MAI THO Thai
#xODEA U+0OE4A THAI CHARACTER MAI TRI Thai
#x0DEB U+0E4B THAI CHARACTER MAI CHATTAWA Thai
#x0DEC U+0E4C THAI CHARACTER THANTHAKHAT Thai
#x0DED U+0OE4D THAI CHARACTER NIKHAHIT Thai
#x0DFO U+0E50 THAI DIGIT ZERO Thai
#x0DF1 U+0E51 THAI DIGIT ONE Thai
#x0DF2 U+0E52 THAIDIGIT TWO Thai
#x0DF3 U+0E53 THAI DIGIT THREE Thai
#x0DF4 U+0E54 THAI DIGIT FOUR Thai
#x0DF5 U+0E55 THAI DIGIT FIVE Thai
#x0DF6 U+0E56 THAI DIGIT SIX Thai
#x0DF7 U+0E57 THAI DIGIT SEVEN Thai
#x0DF8 U+0E58 THAI DIGIT EIGHT Thai
#x0DF9 U+0E59 THAI DIGIT NINE Thai
#x0EA1 - HANGUL KIYEOG Korean
#X0EA2 - HANGUL SSANG KIYEOG Korean
#X0EA3 - HANGUL KIYEOG SIOS Korean
#x0EA4 - HANGUL NIEUN Korean
#X0EA5 - HANGUL NIEUN JIEUJ Korean
#XO0EA6 - HANGUL NIEUN HIEUH Korean
#X0EA7 - HANGUL DIKEUD Korean
#X0EA8 - HANGUL SSANG DIKEUD Korean
#X0EA9 - HANGUL RIEUL Korean
#X0EAA - HANGUL RIEUL KIYEOG Korean
#X0EAB - HANGUL RIEUL MIEUM Korean
#X0EAC - HANGUL RIEUL PIEUB Korean
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#XOEAD - HANGUL RIEUL SIOS Korean
#XOEAE - HANGUL RIEUL TIEUT Korean
#XO0EAF - HANGUL RIEUL PHIEUF Korean
#x0EBO - HANGUL RIEUL HIEUH Korean
#X0EB1 - HANGUL MIEUM Korean
#x0EB2 - HANGUL PIEUB Korean
#x0EB3 - HANGUL SSANG PIEUB Korean
#xX0EB4 - HANGUL PIEUB SIOS Korean
#x0EB5 - HANGUL SIOS Korean
#x0EB6 - HANGUL SSANG SIOS Korean
#X0EB7 - HANGUL IEUNG Korean
#x0EB8 - HANGUL JIEUJ Korean
#x0EB9 - HANGUL SSANG JIEUJ Korean
#X0EBA - HANGUL CIEUC Korean
#x0EBB - HANGUL KHIEUQ Korean
#X0EBC - HANGUL TIEUT Korean
#X0EBD - HANGUL PHIEUF Korean
#x0EBE - HANGUL HIEUH Korean
#XO0EBF - HANGUL A Korean
#X0ECO - HANGUL AE Korean
#X0EC1 - HANGUL YA Korean
#X0EC2 - HANGUL YAE Korean
#X0EC3 - HANGUL EO Korean
#x0EC4 - HANGUL E Korean
#X0EC5 - HANGUL YEO Korean
#X0EC6 - HANGUL YE Korean
#X0EC7 - HANGUL O Korean
#XxO0ECS8 - HANGUL WA Korean
#X0EC9 - HANGUL WAE Korean
#X0ECA - HANGUL OE Korean
#Xx0ECB - HANGUL YO Korean
#X0ECC - HANGUL U Korean
#X0ECD - HANGUL WEO Korean
#X0ECE - HANGUL WE Korean
#XO0ECF - HANGUL WiI Korean
#x0EDO - HANGUL YU Korean
#x0ED1 - HANGUL EU Korean
#X0ED2 - HANGUL YI Korean
#X0ED3 - HANGUL | Korean
#X0ED4 - HANGUL JONG SEONG KIYEOG Korean
#X0ED5 - HANGUL JONG SEONG SSANG KIYEOG Korean
#Xx0ED6 - HANGUL JONG SEONG KIYEOG SIOS Korean
#X0ED7 - HANGUL JONG SEONG NIEUN Korean
#X0ED8 - HANGUL JONG SEONG NIEUN JIEUJ Korean
#x0ED9 - HANGUL JONG SEONG NIEUN HIEUH Korean
#x0EDA - HANGUL JONG SEONG DIKEUD Korean
#X0EDB - HANGUL JONG SEONG RIEUL Korean
#X0EDC - HANGUL JONG SEONG RIEUL KIYEOG Korean
#X0EDD - HANGUL JONG SEONG RIEUL MIEUM Korean
#XOEDE - HANGUL JONG SEONG RIEUL PIEUB Korean
#x0EDF - HANGUL JONG SEONG RIEUL SIOS Korean
#X0EEO - HANGUL JONG SEONG RIEUL TIEUT Korean
#X0EE1 - HANGUL JONG SEONG RIEUL PHIEUF Korean
#X0EE2 - HANGUL JONG SEONG RIEUL HIEUH Korean
#X0EE3 - HANGUL JONG SEONG MIEUM Korean
#X0EE4 - HANGUL JONG SEONG PIEUB Korean
#X0EES5 - HANGUL JONG SEONG PIEUB SIOS Korean
#X0EE6 - HANGUL JONG SEONG SIOS Korean
#X0EE7 - HANGUL JONG SEONG SSANG SIOS Korean
#XO0EE8 - HANGUL JONG SEONG IEUNG Korean
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#X0EE9 - HANGUL JONG SEONG JIEUJ Korean
#XO0EEA - HANGUL JONG SEONG CIEUC Korean
#xOEEB - HANGUL JONG SEONG KHIEUQ Korean
#X0EEC - HANGUL JONG SEONG TIEUT Korean
#XO0EED - HANGUL JONG SEONG PHIEUF Korean
#XOEEE - HANGUL JONG SEONG HIEUH Korean
#X0EEF - HANGUL RIEUL YEORIN HIEUH Korean
#X0EFO - HANGUL SUNKYEONGEUM MIEUM Korean
#x0EF1 - HANGUL SUNKYEONGEUM PIEUB Korean
#X0EF2 - HANGUL PAN SIOS Korean
#X0EF3 - HANGUL KKOGJI DALRIN IEUNG Korean
#x0EF4 - HANGUL SUNKYEONGEUM PHIEUF Korean
#X0EF5 - HANGUL YEORIN HIEUH Korean
#X0EF6 - HANGUL ARAE A Korean
#X0EF7 - HANGUL ARAE AE Korean
#x0EF8 - HANGUL JONG SEONG PAN SIOS Korean
#X0EF9 - HANGUL JONG SEONG KKOGJI DALRIN IEUNG Korean
#X0EFA - HANGUL JONG SEONG YEORIN HIEUH Korean
#X0EFF - KOREAN WON Korean
#x13BC U+0152 LATIN CAPITAL LIGATURE OE Latin-9
#x13BD U+0153 LATIN SMALL LIGATURE OE Latin-9
#x13BE U+0178 LATIN CAPITAL LETTER Y WITH DIAERESIS Latin-9
#x20A0 - CURRENCY ECU SIGN Currency
#x20A1 - CURRENCY COLON SIGN Currency
#x20A2 - CURRENCY CRUZEIR® SGN Curreny
#x20A3 - CURRENCY FRENCH FRANC SIGN Currency
#x20A4 - CURRENCY LIRA SIGN Currency
#x20A5 - CURRENCY MILL SIGN Currency
#x20A6 - CURRENCY NAIRA SIGN Currency
#x20A7 - CURRENCY PESEA SIGN Curreny
#x20A8 - CURRENCY RUPEE SIGN Currency
#x20A9 - CURRENCY WON SIGN Currency
#x20AA - CURRENCY NEW SHEQEL SIGN Currency
#x20AB - CURRENCY DONG SIGN Currency
#x20AC U+20AC CURRENCY EURD SGN Curreny
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Appendix B

Protocol Encoding

Syntactic Corventions

,i\flsl)numbers are in decimal, unless prefixed with #x, in which cageatbdn hexadecimal (base

The general syntax used to describe requests, replies, evanmts, @nd compound types is:

NameofThing
encode-form

encode-form

Each encode-form describes a single component.
For components described in the protocol as:

name: TYPE
the encode-form is:
N TYPE name

N is the number of bytes occupied in the data stream, and TYPE is the interpretation of those
bytes. Br example,

depth: CARDS8
becomes:

1 CARDS8 depth
For components with a static numeric value the encode-form is:

N value name
The value is alays interpreted as an N-byte unsigned integ@er example, the first twbytes of
a Window error are aliays zero (indicating an error in general) and three (indicatiny\ire
dow error in particular):

1 0 Error
1 3 code

For components described in the protocol as:
name: {Namel,..., Namel}
the encode-form is:

N name
valuel Namel

valuel Namel

The value is alays interpreted as an N-byte unsigned intedsdote that the size of N is some-
times larger than that strictly required to encode #lees. Br example:
class: {inputOutput , InputOnly , CopyFromParent}

becomes:
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2 dass

0 CopyFromParent
1 InputOutput
2 InputOnly

For components described in the protocol as:
NAME: TYPE orAlternati vel...or Alternati vel
the encode-form is:

N TYPE NAME
valuel Alternatvel

vauel  Alternativel

The alternatie values are guaranteed not to conflict with the encoding of TYHeEexample:
destination: WINDQV or PointerWindow or InputFocus

becomes:
4 WINDOW destination
0 PointerWindow
1 InputFocus

For components described in the protocol as:
value-mask: BITMASK
the encode-form is:

N BITMASK value-mask
maskl mask-namel

maskl mask-namel

The individual bits in the mask are specified and named, and N is 2 or 4. The most-significant bit
in a BITMASK is reserved for use in defining chained (multiword) bitmasks, as extensions aug-
ment existing core requests. The precise interpretation of this bit is not yet defined here, although
a probable mechanism is that a 1-bit indicates that another N bytes of bitmask follows, with bits
within the overall mask still interpreted from least-significant to most-significant with an N-byte
unit, with N-byte units interpreted in stream ordid with the @erall mask being byte-swapped

in individual N-byte units.

For LISTofVALUE encodings, the request is followed by a section of the form:

VALUEs
encode-form

encode-form

listing an encode-form for eaclAVUE. TheNAME in each encode-formels to he corre-
sponding BITMASK bit. The encoding of a VALUEvedys occupies four bytes, but the number
of bytes specified in the encoding-form indicates haary of the least-significant bytes are actu-
ally used; the remaining bytes are unused and their values do not matter.

In various cases, the number of bytes occupied by a component will be specified by a lowercase
single-letter variable name instead of a specific numeric value, and often some other component
will have its value specified as a simple numeric expressi@iving these ariables. Compo-

nents specified with such expressions aneya interpreted as unsigned igées. Thescope of

such variables is wabys just the enclosing request, repyor, event, or compound type struc-

ture. For example:

2 3+n requestength
4n LISTofPOINT points
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For unused bytes (the values of the bytes are undefined and do no matter), the encode-form is:
N unused

If the number of unused bytes is variable, the encode-form typically is:
p unused, p=pad(E)

V\?hfere E is some expression, and pad(E) is the number of bytes needed to round E up to a multiple
of four.

pad(E) = (4 - (E mod 4)) mod 4

Common Types
LISTofFOO

In this document the LISTof notation strictly means some number of repetitions of the FOO
encoding; the actual length of the list is encoded elsewhere.

SETofFOO

A set is alvays represented by a bitmask, with a 1-bit indicating presence in the set.
BITMASK: CARD32
WINDOW: CARD32
PIXMAP: CARD32
CURSOR: CARD32
FONT: CARD32
GCONTEXT. CARD32
COLORMAP: CARD32
DRAWABLE: CARD32
FONTABLE: CARD32
ATOM: CARD32
VISUALID: CARD32
BYTE: 8-bit value
INT8: 8-bit signed integer
INT16: 16-bit signed integer
INT32: 32-bit signed integer
CARDS: 8-bit unsigned integer
CARD16: 16-bit unsigned integer
CARD32: 32-bit unsigned integer
TIMESTAMP: CARD32

BITGRAVITY
Forget
NorthWest
North
NorthEast
West
Center
East
SouthWest
South
SouthEast

0 Static

POO~NOOTRARWNEO

WINGRAVITY
Unmap
1 NorthWest
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BOOL

P OO~NOOThWN

SETOfEVENT

#x00000001
#x00000002
#x00000004
#x00000008
#x00000010
#x00000020
#x00000040
#x00000080
#x00000100
#x00000200
#x00000400
#x00000800
#x00001000
#x00002000
#x00004000
#x00008000
#x00010000
#x00020000
#x00040000
#x00080000
#x00100000
#x00200000
#x00400000
#x00800000
#x01000000
#XFEO000000

SETofPOINTEREVENT

encodings are the same as for SETofEVE&Eept with

#XFFFF8003

SETofDEVICEEVENT

encodings are the same as for SETofEVE&Eept with

#XFFFFCOBO

KEYSYM: CARD32
KEYCODE: CARDS8
BUTTON: CARDS8

SETofKEYBUTMASK

#x0001
#x0002
#x0004
#x0008
#x0010
#x0020
#x0040

North
NorthEast
West
Center
East
SouthWest
South
SouthEast
Static

False
True

KyPress
K¥yRelease
ButtonPress
ButtonRelease
EnterWdow
Lea&Window
PointerMotion
PointerMotionHint
Button1Motion
Button2Motion
Button3Motion
Button4Motion
Button5Motion
ButtonMotion
KKymapState
Exposure
\sibilityChange
StructureNotify
ResizeRedirect

SubstructureNotify

SubstructureRedirect

BcusChange
PropertyChange
ColormapChange
OwnerGrabButton

unuseolt must be zero

unuseolt must be zero

unusebut must be zero

Shift
Lock
Control
Mod1
Mod?2
Mod3
Mod4
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#x0080 Mod5

#x0100 Buttonl

#x0200 Button2

#x0400 Button3

#x0800 Button4

#x1000 Button5

#xEO000 unusebut must be zero

SETofKEYMASK

encodings are the same as for SETofKEYBUTMASK, except with
#XFFO0 unusebfut must be zero

STRINGS: LISTofCARDS8
STRING16: LISTofCHAR2B

CHAR2B
1 CARDS bytel
1 CARDS byte2
POINT
2 INT16 X
2 INT16 y
RECTANGLE
2 INT16 X
2 INT16 y
2 CARD16 width
2 CARD16 height
ARC
2 INT16 X
2 INT16 y
2 CARD16 width
2 CARD16 height
2 INT16 anglel
2 INT16 angle2
HOST
1 family
0 Internet
1 DECnet
2 Chaos
5 Serverinterpreted
6 InternetV6
1 unused
2 n length of address
n LISTofBYTE address
p unused, p=pad(n)
STR
1 n length of name in bytes
n STRING8 name
Errors
Request
1 0 Eror
1 1 @de
2 CARD16 sequencaumber
4 unused
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Cursor

NRPNBRNR R

Font

NEFENRANRPPEP

Match

CARD16
CARDS8

0

2
CARD16
<32-bits>
CARD16
CARDS8

CARD16
CARD32
CARD16
CARDS8

CARD16
CARD32
CARD16
CARDS

CARD16
CARD32
CARD16
CARDS

CARD16
CARD32
CARD16
CARDS

CARD16
CARD32
CARD16
CARDS

minoropcode
majoropcode
unused

Eror

@de
sequencaumber
badralue
minoropcode
majoropcode
unused

Bror

@de
sequencaumber
badresource id
minoropcode
majoropcode
unused

Eror

wde
sequencaeumber
badresource id
minoropcode
majoropcode
unused

Eror

wde
sequencaumber
badatom id
minoropcode
majoropcode
unused

Eror

@de
sequencaumber
badresource id
minoropcode
majoropcode
unused

Bror

@de
sequencaumber
badresource id
minoropcode
majoropcode
unused

Eror
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CARD16

CARD16
CARDS8

NFENRANPR

Drawable

0

9
CARD16
CARD32
CARD16
CARDS8

NEFENRANPRP P

Access

10
CARD16

CARD16
CARDS

NFNRNR P

Alloc

CARD16

CARD16
CARDS

NRENANR R

Colormap

0

12
CARD16
CARD32
CARD16
CARDS8

NFENRANER P

GContext

0

13
CARD16
CARD32
CARD16
CARDS8

NRPNBRNR R

IDChoice

0

14
CARD16
CARD32
CARD16
CARDS8

NEFENRANRPPEP

wde
sequencaumber
unused
minoropcode
majoropcode
unused

Eror

@de
sequencaumber
badresource id
minoropcode
majoropcode
unused

Bror

code
sequencaumber
unused
minoropcode
majoropcode
unused

Eror

code
sequencaumber
unused
minoropcode
majoropcode
unused

Eror

code
sequencaumber
badresource id
minoropcode
majoropcode
unused

Eror

code
sequencaumber
badresource id
minoropcode
majoropcode
unused

Bror

code
sequencaumber
badresource id
minoropcode
majoropcode
unused
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Name

1 0 Eror

1 15 code

2 CARD16 sequencaumber

4 unused

2 CARD16 minoropcode

1 CARDS8 majoropcode

21 unused
Length

1 0 Eror

1 16 code

2 CARD16 sequencaeumber

4 unused

2 CARD16 minoropcode

1 CARDS8 majoropcode

21 unused
Implementation

1 0 Eror

1 17 code

2 CARD16 sequencaumber

4 unused

2 CARD16 minoropcode

1 CARDS8 majoropcode

21 unused
Keyboards

KEYCODE values are wlays greater than 7 (and less than 256).
KEYSYM values with the bit #x10000000 set are reserved as vendor-specific.
The names and encodings of the standard KEYSYM values are contained in Appendix A,

Keysym Encoding.

Paointers

BUTTON values are numbered starting with one.

Predefined Atoms

PRIMARY 1 WM_NORMAL_HINTS 40
SECONDARY 2 WM_SIZE_HINTS 41
ARC 3 WM_ZOOM_HINTS 42
ATOM 4 MIN_SPACE 43
BITMAP 5 NORM_SRACE a4
CARDINAL 6 MAX_SPACE 45
COLORMAP 7 END_SRCE 46
CURSOR 8 SUPERSCRIPT_X 47
CUT_BUFFERO 9 SUPERSCRIPT_Y 48
CUT_BUFFER1 10 SUBSCRIPT_X 49
CUT_BUFFER2 11 SUBSCRIPT_Y 50
CUT_BUFFER3 12 UNDERLINE_POSITION 51
CUT_BUFFER4 13 UNDERLINE_THICKNESS 52
CUT_BUFFER5 14 STRIKEOUT_ASCENT 53
CUT_BUFFERS6 15 STRIKEOUT_DESCENT 54
CUT_BUFFER7 16 ITALIC_ANGLE 55
DRAWABLE 17 X_HEIGHT 56
FONT 18 QUAD_WIDTH 57
INTEGER 19 WEIGHT 58
PIXMAP 20 POINT_SIZE 59
POINT 21 RESOLUTION 60
RECTANGLE 22 COPYRIGHT 61
RESOURCE_MAMGER 23 NOTICE 62
RGB_COLOR_MAP 24 FONT_NAME 63
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RGB_BEST_MAP 25 FAMILY_NAME 64

RGB_BLUE_MAP 26 FULL_NAME 65

RGB_DERULT _MAP 27 CAP_HEIGHT 66
RGB_GRA/_MAP 28 WM_CLASS 67
RGB_GREEN_MAP 29 WM_TRANSIENT_FOR 68
RGB_RED_MAP 30

STRING 31

VISUALID 32

WINDOW 33

WM_COMMAND 34

WM_HINTS 35

WM_CLIENT_MACHINE 36

WM_ICON_NAME 37

WM_ICON_SIZE 38

WM_NAME 39

Connection Setup

For TCP connections, displays on @i host are numbered starting from 0, and the server for
display N listens and accepts connections on port 6000 FONDECnet connections, diﬂolays

on a gven host are numbered starting from 0, and the server for display N listens and accepts
connections on the object name obtained by concatenating “Mfit the decimal representa-
tion of N, for example, X$X0 and X$X1.

Information sent by the client at connection setup:

1 byte-order
#x42 MSBfirst
#x6C LSBfirst
1 unused
2 CARD16 protocol-majowersion
2 CARD16 protocol-minotversion
2 n length of authorization-protocol-name
2 d length of authorization-protocol-data
2 unused
n STRING8 authorization-protocol-name
p unused, p=pad(n)
d STRING8 authorization-protocol-data

unused, g=pad(d)

o)

Except where explicitly noted in the protocol, all 16-bit and 32-bit quantities sent by the client
must be transmitted with the specified byte qrded all 16-bit and 32-bit quantities returned by
the server will be transmitted with this byte order.

Information receied by the client if the connection is refused:

1 0 Failed

1 n length of reason in bytes

2 CARD16 protocol-majowersion

2 CARD16 protocol-minotversion

2 (n+p)/4 lengthin 4-byte units of “additional data”
n STRING8 reason

p unused, p=pad(n)

Information receied by the client if further authentication is required:

1 2 Authenticate

5 unused

2 (n+p)/4 lengthin 4-byte units of “additional data”
n STRING8 reason

p unused, p=pad(n)

Information recaied by the client if the connection is accepted:

1 1 Siccess
1 unused
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RPRRNNARRARNNN

IXT<APRRPE

CARD16
CARD16
8+2n+(v+p+m)/4
CARD32
CARD32
CARD32
CARD32
%
CARD16
CARDS8
n

0 LSBFirst
1 MSBFirst

0 LeastSignificant
1

MostSignificant
CARDS8
CARDS8
KEYCODE
KEYCODE

STRINGS8

LISTofFORMAT
LISTofSCREEN

FORMAT

1

1
1
5

CARDS
CARDS8
CARDS

SCREEN

FE

PANNNMNNNNDDRAN

SRk RRE

WINDOW
COLORMAP
CARD32
CARD32
SETOofEVENT
CARD16
CARD16
CARD16
CARD16
CARD16
CARD16
VISUALID

0 Neve

1 WhenMapped
2 Always

BOOL

CARDS8

CARDS

LISTofDEPTH

CARDS8
n

LISTofVISUALTYPE

protocol-majowersion
protocol-minoiversion

lengtlin 4-byte units of “additional data”
release-number

resource-id-base

resource-id-mask

motion-huffer-size

length of vendor
maximum-request-length

numberof SCREENS in roots

rumber for FORMATSs in pixmap-formats
image-byte-order

bitmap-format-bit-order

bitmap-format-scanline-unit
bitmap-format-scanline-pad
min-leycode

max-leycode

unused

vendor

unused, p=pad(v)
pixmap-formats

rootgm is alvays a multiple of 4)

depth
bits-perpixel
scanline-pad
unused

root
defult-colormap
white-pixel
black-pixel
current-input-masks
width-in-piels
height-in-pixels
width-in-millimeters
height-in-millimeters
min-installed-maps
max-installed-maps
root-visual
backing-stores

sae-unders

root-depth

numbermf DEPTHSs in allowed-depths
allaved-depths (n is alays a multiple of 4)

depth

unused

rumber of VISUALTYPES in visuals
unused

visuals
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VISUALTYPE
4 VISUALID
1

abrwWNEFO

CARDS8

CARD16
CARD32
CARD32
CARD32

B EADMDNPR

Requests

CreateWindow

1 1
CARDS8
8+n
WINDOW
WINDOW
INT16
INT16
CARD16
CARD16
CARD16

NNMNNNNNDBANPRE

N O

4 VISUALID
0

4 BITMASK
#x00000001
#x00000002
#x00000004
#x00000008
#x00000010
#x00000020
#x00000040
#x00000080
#x00000100
#x00000200
#x00000400
#x00000800
#x00001000
#x00002000
#x00004000

4n  LISTofVALUE

VALUEs

4 PXMAP
0
1
CARD32
PXMAP
0
CARD32

FE

(SN SN SNNN

BITGRAVITY
WINGRAVITY

visual-id
dass
SaticGray
GrayScale
SaticColor
PseudoColor
TrueColor
DirectColor
bits-pefrgb-value
colormap-entries
red-mask
green-mask
blue-mask
unused
qcode
depth
requestength
wid
parent
X
y
width
height
bordeswidth
dass
CopyFromParent
InputOutput
InputOnly
visual
CopyFromParent

value-mask (has n bits set to 1)
background-pixmap
background-pmk
bordepixmap
bordepixel
bit-gnaty
win-gnaty
backing-store
backing-planes

backing-pét
verride-redirect
sg-under
eent-mask
do-not-propate-mask
colormap
cursor
value-list
background-pixmap
None
ParentRelatie
background-pid
borderpixmap
CopyFromParent
bordeipixel
bit-gravity
win-gravity

backing-store
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0 NotUseful
1 WhenMapped
2 Always
4 CARD32 backing-planes
4 CARD32 backing-piel
1 BOOL override-redirect
1 BOOL save-under
4 SETofEVENT event-mask
4 SETofDEVICEEVENT do-not-propagte-mask
4 COLORMAP colormap
0 CopyFromParent
4 CURSOR cursor
0 None
ChangeWindowAttributes
1 2 code
1 unused
2 3+n requestength
4  WINDOW window
4 BITMASK value-mask (has n bits set to 1)
encodings are the same as for CreateWindow
4n  LISTofVALUE value-list
encodings are the same as for CreateWindow
GetWindowAttributes
1 3 code
1 unused
2 2 request length
4 WINDOW window
1 1 Reply
1 backing-store
0 NotUseful
1 WhenMapped
2 Always
2 CARD16 sequencaumber
4 3 reply length
4 VISUALID visual
2 dass
1 InputOutput
2 InputOnly
1 BITGRAVITY bit-gravity
1 WINGRAVITY win-gravity
4 CARD32 backing-planes
4 CARD32 backing-piel
1 BOOL sae-under
1 BOOL map-is-installed
1 map-state
0 Unmapped
1 Unviewable
2 Viewable
1 BOOL override-redirect
4 COLORMAP colormap
0 None
4 SETofEVENT all-event-masks
4 SETofEVENT yourevent-mask
2 SETofDEVICEEVENT do-not-propaate-mask
2 unused
DestroyWindow
1 4 qcode
1 unused
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2 2
4 WINDOW

DestroySubwindows

1 5

1

2 2

4 WINDOW
ChangeSaeSet

1 6

1

0
1

2 2

4 WINDOW
ReparentWindow

1 7

1

2 4

4 WINDOW

4 WINDOW

2 INT16

2 INT16
MapWindow

1 8

1

2 2

4 WINDOW

MapSubwindows

1 9

1

2 2

4 WINDOW

UnmapWindow
1 10
1
2 2
4 WINDOW

UnmapSubwindows
1 1
1
2 2
4 WINDOW

ConfigureWindow
12

3+n
WINDOW
BITMASK
#x0001
#x0002
#x0004
#x0008

NANPR R

Insert
Delete

width
height

request length
window

qcode
unused
request length
window

code
mode

request length
window

code
unused
request length
window
parent

X

y

pcode
unused
request length
window

code
unused
request length
window

opcode
unused
request length
window

opcode
unused
request length
window

opcode

unused

requestength

window

value-mask (has n bits set to 1)
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#x0010
#x0020
#x0040

2

4n  LISTofVALUE

VALUEs

INT16
INT16
CARD16
CARD16
CARD16
WINDOW

P ADNNMNNDNN

hAWNEFLO

CirculateWindow
1 13
1
0
1
2 2
4 WINDOW

GetGeometry
14

2
DRAWABLE

ANR R

1
CARDS
CARD16
0
WINDOW
INT16
INT16
CARD16
CARD16
CARD16

PNNNNNEARANRERPRE

QueryTree
15

2
WINDOW

ANR R

1

CARD16
n
WINDOW
WINDOW
0

n

ARANRBR

N

bordewidth
sibling
stack-mode

Above
Below
Toplf
Bottomlf
Opposite

RaiseLowest
LowerHighest

None

unused
value-list

X

y

width
height
bordeiwidth
sibling
gack-mode

opcode
direction

request length
window

opcode
unused
request length
dravable

Reply

depth
sequencaumber
reply length

root

X

y

width
height
bordeiwidth
unused

opcode
unused
request length
window

Reply

unused
sequencaumber
reply length

root

parent

rumber of WINDOWSs in children

123



14 unused

4n  LISTofWINDOW children
InternAtom
1 16 opcode
1 BOOL only-if-exists
2 2+(n+p)/4 requedength
2 n length of name
2 unused
n STRING8 name
p unused, p=pad(n)
1 1 Reply
1 unused
2 CARD16 sequencaumber
4 0 reply length
4 ATOM atom
0 None
20 unused
GetAtomName
1 17 opcode
1 unused
2 2 request length
4 ATOM atom
1 1 Reply
1 unused
2 CARD16 sequencaumber
4 (n+p)/4 replylength
2 n length of name
22 unused
n STRING8 name
p unused, p=pad(n)
ChangeProperty
1 18 opcode
1 mode
0 Replace
1 Prepend
2 Append
2 6+(n+p)/4 requedength
4 WINDOW window
4 ATOM property
4 ATOM type
1 CARDS8 format
3 unused
4 CARD32 lengthof data in format units

(= n for format = 8)
(= n/2 for format = 16)
(= n/4 for format = 32)
n LISTofBYTE data
(n is a multiple of 2 for format = 16)
(n is a multiple of 4 for format = 32)

p unused, p=pad(n)
DeleteProperty

1 19 opcode

1 unused

2 3 request length
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4
4

WINDOW
ATOM

GetProperty

ARNR PR AR BRRRANRBE

FEE

12

20

BOOL

6
WINDOW
ATOM
ATOM

0
CARD32
CARD32

1
CARDS8
CARD16
(n+p)/4
ATOM

0
CARD32
CARD32

LISTofBYTE

ListProperties

ANR R

ANNRNPR PR
N

]

21

2
WINDOW

CARD16
n
n

LISTofATOM

SetSelectionOwner

ANR PR

B

2

4
WINDOW

0

ATOM
TIMESTAMP
0

GetSelectionOwner

1
1

23

AnyPropertyType

None

None

CurrentTime

window
property

opcode

delete

request length
window
property

type

long-ofset
long-length

Reply

format
sequencaumber
replylength
type

bytes-after

lengthof value in format units

(= 0 for format = 0)

(= n for format = 8)

(= n/2 for format = 16)

(= n/4 for format = 32)

unused

value

(n is zero for format = 0)

(n is a multiple of 2 for format = 16)
(n is a multiple of 4 for format = 32)
unused, p=pad(n)

opcode
unused
request length
window

Reply

unused

sequencaumber

reply length

rumber of AOMs in atoms
unused

atoms

opcode
unused
request length
owner

selection
time

opcode
unused
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AN

ATOM

1

CARD16
0
WINDOW
0

ADBDNR PR

ConvertSelection
24

6
WINDOW
ATOM
ATOM
ATOM

0

ArRABMABANRPE

I

0

SendEvent
1 25
1 BOOL
2 11
4 WINDOW
0
1

4 SETofEVENT

TIMESTAMP

None

None

CurrentTime

PointerwWindow
InputFocus

request length
selection

Reply

unused
sequencaumber
reply length
owner

unused

opcode
unused
request length
requestor
selection
target
property

time

opcode
propagte
request length
destination

event-mask
event

standard eent format (see the Events section)

GrabPointer

1 26
1 BOOL
2 6
4 WINDOW
2
1
0
1
1
0
1
4 WINDOW
0
4 CURSOR
0
4 TIMESTAMP
0
1 1
1
0
1
2
3
4
2 CARD16

SETofPOINTEREVENT

Synchronous
Asynchronous

Synchronous
Asynchronous

None
None

CurrentTime

Success
AlreadyGrabbed
InvdidTime
NotViewable
Frozen

opcode
owvner-e/ents
request length
grab-window
@ent-mask
pointer-mode

keyboard-mode

confine-to
cursor

time

Reply
gatus

sequencaumber
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4 0
24
UngrabPointer
1 27
1
2 2
4 TIMESTAMP
0 CurrentTime
GrabButton
1 28
1 BOOL
2 6
4 WINDOW
2 SETofPOINTEREVENT
1
0 Synchronous
1 Asynchronous
1
0 Synchronous
1 Asynchronous
4 WINDOW
0 None
4 CURSOR
0 None
1 BUTTON
0 AnyButton
1
2 SETofKEYMASK
#x8000 AryModifier
UngrabButton
1 2
1 BUTTON
0 AnyButton
2 3
4 WINDOW
2 SETofKEYMASK
#x8000 AryModifier
2
ChangeActivePointerGrab
1 30
1
2 4
4 CURSOR
0 None
4 TIMESTAMP
0 CurrentTime
2 SETofPOINTEREVENT
2
GrabKeyboard
1 31
1 BOOL
2 4
4 WINDOW
4 TIMESTAMP
0 CurrentTime
1
0 Synchronous

reply length
unused

opcode
unused
request length
time

opcode
owvner-e/ents
request length
grab-window
@ent-mask
pointer-mode

keyboard-mode

confine-to
cursor
button

unused
modifiers

opcode
button

request length
grab-window
modifiers

unused

opcode
unused
request length
cursor

time

@ent-mask
unused

opcode
owvner-e/ents
request length
grab-window
time

pointer-mode
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1
1
0
1
2
1 1
1
0
1
2
3
4
2 CARD16
4 0
24
UngrabKeyboard
1 7]
1
2 2
4 TIMESTAMP
0
GrabKey
1 K<)
1 BOOL
2 4
4 WINDOW
2 SETofKEYMASK
#x8000
1 KEYCODE
0
1
0
1
1
0
1
3
UngrabKey
1 A
1 KEYCODE
0
2 3
4 WINDOW
2 SETofKEYMASK
#x8000
2
AllowEvents
1 b
1
0
1
2
3
4
5
6

Asynchronous

Synchronous
Asynchronous

uccess
AlreadyGrabbed
InvdidTime
NotViewable
Frozen

CurrentTime

AryModifier
AnyKey

Synchronous
Asynchronous

Synchronous
Asynchronous

AnyKey

AryModifier

AsyncPointer
SyncPointer
ReplayPointer
AsyncKeyboard
SyncKeyboard
ReplayKeyboard
AsyncBoth

keyboard-mode

unused

Reply
datus

sequencaeumber
reply length
unused

opcode
unused
request length
time

opcode
owvner-e/ents
request length
grab-window
modifiers

ley

pointer-mode

keyboard-mode

unused

opcode
ley

request length
grab-window
modifiers

unused

opcode
mode
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7 SyncBoth
2 2
4 TIMESTAMP
0 CurrentTime
GrabServer
1 36
1
2 1
UngrabServer
1 37
1
2 1
QueryPointer
1
1
2 2
4 WINDOW
1 1
1 BOOL
2 CARD16
4 0
4 WINDOW
4 WINDOW
0 None
2 INT16
2 INT16
2 INT16
2 INT16
2 SETofKEYBUTMASK
6
GetMotionEvents
1 39
1
2 4
4 WINDOW
4 TIMESTAMP
0 CurrentTime
4 TIMESTAMP
0 CurrentTime
1 1
1
2 CARD16
4 2n
4 n
20
8n LISTofTIMECOORD
TIMECOORD
4 TIMESTAMP
2 INT16
2 INT16

request length
time

opcode
unused
request length

opcode
unused
request length

opcode
unused
request length
window

Reply
same-screen
sequencaeumber
reply length

root

child

root-x
root-y
win-X
win-y
mask
unused

opcode
unused
request length
window

start

stop

Reply

unused

sequencaumber

reply length

rumber of TIMECOORDS invents
unused

aents

time
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TranslateCoordinates

NNEAAEANRPRE

ADBNRPE

P NN

40

4
WINDOW
WINDOW
INT16
INT16

1

BOOL
CARDI16
0
WINDOW
0

INT16
INT16

Warp Painter

1

1
2
4

I

NDNDNDNDNDN

41

6
WINDOW
0
WINDOW
0

INT16
INT16
CARD16
CARD16
INT16
INT16

SetlnputFocus

1
1

AN

4

42

éwl\)HO

INDOW

IMESTAMP

o4ro

GetlnputFocus

1
1
2

BN

43

1

1
0
1
2
CARD16
0

WINDOW
0

None

None

None

None
PointerRoot
Parent

None
PointerRoot

CurrentTime

None
PointerRoot
Parent

None

opcode
unused
request length
src-window
dst-window
Src-x

src-y

Reply
same-screen
sequencaumber
reply length
child

dst-x
dst-y
unused

opcode
unused
request length
src-window

dst-window

Sre-x
src-y
src-width
src-height
dst-x
dst-y

opcode
revat-to

request length
focus

time

opcode

unused
request length

Reply
revet-to

sequencaumber
reply length
focus
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1 PointerRoot
20

QueryKeymap
1 44
1
2 1

—

1

1
1
2 CARD16
4 2
32 LISTofCARDS8
OpenFont

1 45

3+(n+p)/4
FONT
n

STRING8

T SNNEANER

CloseFont
1 46
1
2 2
4 FONT

QueryFont
1 47
1
2 2
4 FONTABLE

1

CARD16

7+2n+3m
CHARINFO

N

CHARINFO

CARD16
CARD16
CARD16
n

PRONNNBE BB ANE R

0 LeftToRight
1 RightToLeft
CARDS

CARDS

BOOL

INT16

INT16

ANNRRBR

m
8n  LISTofFONTPROP
12m LISTofCHARINFO

unused

opcode
unused
request length

Reply

unused
sequencaumber
reply length

keys

opcode

unused
requesength

fid

length of name
unused

name

unused, p=pad(n)

opcode
unused
request length
font

opcode
unused
request length
font

Reply

unused
sequencaumber
replylength
min-bounds
unused
max-bounds
unused
min-chafor-byte2
max-chaior-byte2
detult-char
rumber of FONTPROPs in properties
draw-direction

min-bytel

max-bytel

all-chars-gist

font-ascent

font-descent

rumber of CHARINFOs in char-infos
properties

charinfos

131



FONTPROP

4 ATOM name
4 <32-bits> alue
CHARINFO
2 INT16 left-side-bearing
2 INT16 right-side-bearing
2 INT16 charactewidth
2 INT16 ascent
2 INT16 descent
2 CARD16 attributes
QueryTextExtents
1 48 opcode
1 BOOL oddlength, True if p=2
2 2+(2n+p)/4 requedength
4 FONTABLE font
2n  STRING16 string
p unused, p=pad(2n)
1 1 Reply
1 draw-direction
0 LeftToRight
1 RightToLeft
2 CARD16 sequencaumber
4 0 reply length
2 INT16 font-ascent
2 INT16 font-descent
2 INT16 overall-ascent
2 INT16 overall-descent
4 INT32 overall-width
4 INT32 overall-left
4 INT32 overall-right
4 unused
ListFonts
1 49 opcode
1 unused
2 2+(n+p)/4 requedength
2 CARD16 max-names
2 n length of pattern
n STRING8 pattern
p unused, p=pad(n)
1 1 Reply
1 unused
2 CARD16 sequencaumber
4 (n+p)/4 replylength
2 CARD16 numbeof STRs in names
22 unused
n LISTofSTR names
p unused, p=pad(n)

ListFontsWithiInfo

1 50 opcode

1 unused

2 2+(n+p)/4 requedength

2 CARD16 max-names

2 n length of pattern
n STRING8 pattern
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p unused, p=pad(n)

- (except for last in series)

1 1 Reply
1 n length of name in bytes
2 CARD16 sequencaeumber
4 7+2m+(n+p)/4 replyength
12 CHARINFO min-bounds
4 unused
12 CHARINFO max-bounds
4 unused
2 CARD16 min-chafor-byte2
2 CARD16 max-chaor-byte2
2 CARD16 defult-char
2 m rumber of FONTPROPs in properties
1 draw-direction
0 LeftToRight
1 RightToLeft
1 CARDS8 min-bytel
1 CARDS8 max-bytel
1 BOOL all-chars-gist
2 INT16 font-ascent
2 INT16 font-descent
4 CARD32 replies-hint
8m LISTofFONTPROP properties
n STRING8 name
p unused, p=pad(n)
FONTPROP

encodings are the same as for QueryFont

CHARINFO
encodings are the same as for QueryFont

- (last in series)

1 1 Reply

1 0 last-reply indicator

2 CARD16 sequencaumber

4 7 reply length

52 unused
SetFontPath

1 51 opcode

1 unused

2 2+(n+p)/4 requedength

2 CARD16 numbenf STRs in path

2 unused

n  LISTofSTR path

p unused, p=pad(n)
GetFontPath

1 52 opcode

1 unused

2 1 request list

1 1 Reply

1 unused

2 CARD16 sequencaumber

4 (n+p)/4 replylength

2 CARD16 numbeof STRs in path

22 unused

n LISTofSTR path
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CreatePixmap

NNARANRBE

53

CARDS8

4

PIXMAP
DRAWABLE
CARD16
CARD16

FreePixmap

1

1
2
4

54

2
PXMAP

CreateGC

A BRABANRBE

4n

55

4+n
GCONTEXT
DRAWABLE
BITMASK
#x00000001
#x00000002
#x00000004
#x00000008
#x00000010
#x00000020
#x00000040
#x00000080
#x00000100
#x00000200
#x00000400
#x00000800
#x00001000
#x00002000
#x00004000
#x00008000
#x00010000
#x00020000
#x00040000
#x00080000
#x00100000
#x00200000
#x00400000
LISTofVALUE

VALUEs

1

PPRPOO~NOUA_AWNEO

= O

unused, p=pad(n)

value-mask (has n bits set to 1)

opcode
depth
request length
pid
drawable
width
height
opcode
unused
request length
pixmap
opcode
unused
requestength
cid
drawable

function

plane-mask

forground

background

line-width

line-style

cap-style

join-style

fill-style

fill-rule

tile

stipple

tile-stipple-x-origin
tile-stipple-y-origin
font
subwinde-mode
graphics¢posures

clip-x-origin
clip-y-origin
clip-mask
dash-fsfet
dashes
arc-mode

Clear

And
AndReverse
Copy
Andlnverted
NoOp

Xor

Or

Nor

Equiv

Irnvert
OrReerse

value-list

function
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12 Copylnverted

13 Orlrverted
14 Nand
15 Set
4 CARD32 plane-mask
4 CARD32 foregground
4 CARD32 background
2 CARD16 line-width
1 line-style
0 Solid
1 OnOffDash
2 DoubleDash
1 cap-style
0 NotLast
1 Butt
2 Round
3 Projecting
1 join-style
0 Miter
1 Round
2 Bevd
1 fill-style
0 Solid
1 Tiled
2 Sippled
3 OpaqueStippled
1 fill-rule
0 EvenOdd
1 Winding
4 PXMAP tile
4 PIXMAP stipple
2 INT16 tile-stipple-x-origin
2 INT16 tile-stipple-y-origin
4 FONT font
1 subwindow-mode
0 ClipByChildren
1 Includelnferiors
1 BOOL graphics-gposures
2 INT16 clip-x-origin
2 INT16 clip-y-origin
4 PXMAP clip-mask
0 None
2 CARD16 dash-dtet
1 CARDS dashes
1 ac-mode
0 Chord
1 FeSlice
ChangeGC
1 56 opcode
1 unused
2 3+n requestength
4 GCONTEXT gc
4 BITMASK value-mask (has n bits set to 1)
encodings are the same as for CreateGC
4n  LISTofVALUE value-list
encodings are the same as for CreateGC
CopyGC
1 57 opcode
1 unused
2 4 request length
4 GCONTEXT src-gc
4 GCONTEXT dst-gc
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4

BITMASK

value-mask

encodings are the same as for CreateGC

SetDashes
1 58
1
2 3+(n+p)/4
4 GCONTEXT
2 CARD16
2 n
n LISTofCARD8
p

SetClipRectangles

1
1

ONNEDN

n

FreeGC

1

1
2
4

59

WNEFO

3+2n
GCONTEXT
INT16
INT16

UnSorted
YSorted
YXSorted
YXBanded

LISTOfRECTANGLE

60

2
GCONTEXT

ClearArea

1

NNNDNNBRARNPE

61

BOOL

4
WINDOW
INT16
INT16
CARD16
CARD16

CopyArea

NNNNNMNNBAEDRABANRPE

62

7
DRAWABLE
DRAWABLE
GCONTEXT
INT16
INT16
INT16
INT16
CARD16
CARD16

CopyPlane

1

1
2
4

63

8
DRAWABLE

opcode
unused
requedength
gc
dash-dbet

length of dashes

dashes

unused, p=pad(n)

opcode
ordering

requeskength
gc
clip-x-origin
clip-y-origin
rectangles

opcode
unused
request length
gc

opcode
exposures
request length
window

X

y
width
height

opcode
unused
request length
src-dravable
dst-dravable
gc

src-x

opcode
unused
request length
src-dravable
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ANNNNNNDAD

DRAWABLE
GCONTEXT
INT16
INT16
INT16
INT16
CARD16
CARD16
CARD32

PadyPoint

1
1

2
4
4
4n

PadlyLine

1
1

2
4
4
4n

64

0

1

3+n
DRAWABLE
GCONTEXT
LISTofPOINT

65

0

1

3+n
DRAWABLE
GCONTEXT
LISTofPOINT

PaySegment

ORRNPR PR

66

3+2n
DRAWABLE
GCONTEXT
LISTOfSEGMENT

SEGMENT

2

2
2
2

INT16
INT16
INT16
INT16

PdyRectangle

1

BN

PayArc

PRARANBRR

2n

FillPoly

67

3+2n
DRAWABLE
GCONTEXT

Origin
Previous

Crigin
Previous

LISTOfRECTANGLE

68

3+3n
DRAWABLE
GCONTEXT
LISTofARC

dst-dravable
gc

src-x

src-y

dst-x

dst-y

width
height
bit-plane

opcode
coordinate-mode

requestength
dravable

gc

points

opcode
coordinate-mode

requestength
dravable

gc

points

opcode
unused
requeskength
dravable

gc

sgments

opcode
unused
requeskength
dravable

gc
rectangles

opcode
unused
requeskength
dravable

gc

arcs
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PRAANR PR

2
4

69

4+n
DRAWABLE
GCONTEXT

0
1
2

0
1

n LISTofPOINT

PdyFillRectangle

1

O BANPE

70

3+2n
DRAWABLE
GCONTEXT

Complex
Noncorvex
Corvex

Origin
Previous

n LISTofRECTANGLE

PayFillArc

PDARANBRRE

71

3+3n

DRAWABLE

GCONTEXT
2n LISTofARC

Putimage

1
1

T SNFPFEFEPNNNNRABRDN

72

0
1

2

6+(n+p)/4
DRAWABLE
GCONTEXT
CARD16
CARD16
INT16
INT16
CARDS
CARDS

LISTofBYTE

Getlmage

1
1

ANNNNBEAN

73

1

2

5
DRAWABLE
INT16
INT16
CARD16
CARD16
CARD32

Bitmap
XYPixmap
ZPixmap

XYPixmap
ZPixmap

opcode
unused
requestength
dravable

gc

shape

coordinate-mode

unused
points

opcode
unused
requeskength
dravable

gc
rectangles

opcode
unused
requeskength
dravable

gc

arcs

opcode
format

requedength
drawable

gc

width

height

dst-x

dst-y

left-pad
depth
unused

data

unused, p=pad(n)

opcode
format

request length
dravable
X

y

width
height
plane-mask
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1 1
1 CARDS
2 CARD16
4 (n+p)/4
4 VISUALID
0 None
20
n LISTofBYTE
p
PolyText8
1 74
1
2 4+(n+p)/4
4 DRAWABLE
4 GCONTEXT
2 INT16
2 INT16
n LISTOfTEXTITEM8
p
TEXTITEMS
1 m
1 INT8
m  STRINGS8
or
1 255
1
1
1
1
PolyText16
1 1)
1
2 4+(n+p)/4
4 DRAWABLE
4 GCONTEXT
2 INT16
2 INT16
n LISTOfTEXTITEM16
p
TEXTITEM16
1 m
1 INT8
2m STRING16
or
1 255
1
1
1
1
ImageText8
1 76
1 n
2 4+(n+p)/4
4 DRAWABLE
4 GCONTEXT
2 INT16
2 INT16

Reply

depth
sequencaumber

replylength
visual

unused
data
unused, p=pad(n)

opcode
unused
requesength
drawable

gc
X

Y
items

unused, p=pad(n) (p isvadys 0 or 1)

length of string (cannot be 255)
delta
string

font-shiftindicator

font byte 3 (most-significant)
font byte 2

font byte 1

font byte 0 (least-significant)

opcode

unused

requesength

dravable

gc

X

y

items

unused, p=pad(n) (p must be 0 or 1)

rumber of CHAR2Bs in string (cannot be 255)
delta
string

font-shiftindicator

font byte 3 (most-significant)
font byte 2

font byte 1

font byte 0 (least-significant)

opcode

length of string
requedength
drawable

gc

X

y
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n STRING8 string

p unused, p=pad(n)
ImageText16

1 7 opcode

1 n rumber of CHAR2Bs in string

2 4+(2n+p)/4 requedength

4 DRAWABLE dravable

4 GCONTEXT gc

2 INT16 X

2 INT16 y

2n  STRING16 string

p unused, p=pad(2n)

CreateColormap

1
1

B BEABADN

78

0

1

4
COLORMAP
WINDOW
VISUALID

FreeColormap

1 I

1

2 2

4 COLORMAP
CopyColormapAndFree

1 80

1

2 3

4 COLORMAP

4 COLORMAP

InstallColormap

1

1
2
4

81

2
COLORMAP

UninstallColormap

1

1
2
4

82

2
COLORMAP

ListInstalledColormaps

1

1
2
4

ANR R

83

2
WINDOW

CARD16

None
All

opcode
dloc

request length
mid

window

visual

opcode
unused
request length
cmap

opcode
unused
request length
mid

src-cmap

opcode
unused
request length
cmap

opcode
unused
request length
cmap

opcode
unused
request length
window

Reply

unused
sequencaumber
reply length
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2

22
4n

n

LISTofCOLORMAP

AllocColor

NNNNBEANRER PR

RPBANNMNNNBENRPRE

84

4
COLORMAP
CARD16
CARD16
CARD16

CARD16
CARD16
CARD16
CARD16

CARD32

AllocNamedColor

1

T SNNANE

ONNNNNNPAEARANE PP

8

3+(n+p)/4
COLORMAP
n

STRING8

CARD16

CARD32
CARD16
CARD16
CARD16
CARD16
CARD16
CARD16

AllocColorCells

1

NNBAEDNBE

NP

86

BOOL

3
COLORMAP
CARD16
CARD16

CARD16

rumber of COLORMAPSs in cmaps
unused
cmaps

opcode
unused
request length
cmap

red

green

blue

unused

Reply

unused
sequencaumber
reply length

red

green

blue

unused

pixel

unused

opcode

unused
requedength
cmap
length of name
unused

name

unused, p=pad(n)

Reply
unused
sequencaumber
reply length
pixel
eact-red
eact-green
exact-blue
visual-red
visual-green
visual-blue
unused

opcode
contiguous
request length
cmap

colors

planes

Reply
unused
sequencaumber
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4 mm replylength
2 n rumber of CARD32s in pixels
2 m rumber of CARD32s in masks
20 unused
4n  LISTofCARD32 piels
4m LISTofCARD32 masks
AllocColorPlanes
1 87 opcode
1 BOOL contiguous
2 4 request length
4 COLORMAP cmap
2 CARD16 colors
2 CARD16 reds
2 CARD16 greens
2 CARD16 blues
1 1 Reply
1 unused
2 CARD16 sequencaumber
4 n reply length
2 n rumber of CARD32s in pixels
2 unused
4 CARD32 red-mask
4 CARD32 green-mask
4 CARD32 blue-mask
8 unused
4n  LISTofCARD32 piels
FreeColors
1 83 opcode
1 unused
2 3+n requestength
4 COLORMAP cmap
4 CARD32 plane-mask
4n  LISTofCARD32 pixels
StoreColors
1 89 opcode
1 unused
2 2+3n requeskength
4 COLORMAP cmap
12n LISTofCOLORITEM items
COLORITEM
4 CARD32 piel
2 CARD16 red
2 CARD16 green
2 CARD16 blue
1 do-red, do-green, do-blue
#x01 do-redl is True, O is False)
#x02 do-greeifl is True, O is False)
#x04 do-blug1 is True, 0 is False)
#xF8 unused
1 unused
StoreNamedColor
1 D opcode
1 do-red, do-green, do-blue
#x01 do-redl is True, O is False)
#x02 do-greerfl is True, O is False)
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#x04

#XF8
4+(n+p)/4
COLORMAP
CARD32

n

STRING8

TSNONNRAAN

QueryColors

1 91
1
2 2+n

4 COLORMAP
4n  LISTofCARD32

CARD16
n
n

ONNEANE P
N

>

LISTofRGB

[oe]

CARD16
CARD16
CARD16

I\)I\)NI\)O

LookupColor
1 R

3+(n+p)/4
COLORMAP
n

STRING8

T SNNBENBE

CARD16

CARD16
CARD16
CARD16
CARD16
CARD16
CARD16

PNNNNNNANREPRE

CreateCursor
B3

8
CURSOR
PXMAP
PXMAP

A BRAANRPE

do-blug1 is True, 0 is False)

unused

requesength
cmap

pixel

length of name
unused

name

unused, p=pad(n)

opcode
unused
requestength
cmap

piels

Reply

unused

sequencaumber

reply length

rumber of RGBs in colors
unused

colors

red
green
blue
unused

opcode

unused
requedength
cmap
length of name
unused

name

unused, p=pad(n)

Reply
unused
sequencaumber
reply length
eact-red
eact-green
eact-blue
visual-red
visual-green
visual-blue
unused

opcode
unused
request length
cid

source

mask
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NNNNNNDNN

0

CARD16
CARD16
CARD16
CARD16
CARD16
CARD16
CARD16
CARD16

CreateGlyphCursor

A BRABANRPE

NNNNNNDNN

A

8
CURSOR
FONT
FONT

0
CARD16
CARD16
CARD16
CARD16
CARD16
CARD16
CARD16
CARD16

FreeCursor

1

1
2
4

%

2
CURSOR

RecolorCursor

NNNNNDNNRANRE PP

9%

5
CURSOR
CARD16
CARD16
CARD16
CARD16
CARD16
CARD16

QueryBestSize

1
1

NN BN

NANPR P

97

wWNEFO

DRAWABLE
CARD16
CARD16

CARD16

CARD16

None

None

Cursor
Tile
Sipple

fore-red
fore-green
fore-blue
back-red
back-green
back-blue
X

y

opcode
unused
request length
cid
source-font
mask-font

source-char
mask-char
fore-red
fore-green
fore-blue
back-red
back-green
back-blue

opcode
unused
request length
cursor

opcode
unused
request length
cursor
fore-red
fore-green
fore-blue
back-red
back-green
back-blue

opcode
dass

request length
dravable
width

height

Reply

unused
sequenceumber
reply length
width
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2 CARD16
20

QueryExtension
98

2+(n+p)/4
n

STRING8

T SNNNPEP P

CARD16

BOOL

CARDS8
CARDS
CARDS

NRPRRRPRANRERE

ListExtensions

1 9

1

2 1

1 1

1 CARDS8

2 CARD16

4 (n+p)/4

24

n LISTofSTR

p
ChangeKeyboardMapping

1 100

1 n

2 2+nm

1 KEYCODE

1 m

2

4nm LISTofKEYSYM
GetKeyboardMapping

1 101

1

2 2

1 KEYCODE

1 m

2

1 1

1 n

2 CARD16

4 nm

24

4nm LISTofKEYSYM

height
unused

opcode

unused
requedength
length of name
unused

name

unused, p=pad(n)

Reply

unused
sequencaumber
reply length
present
majoropcode
first-event
first-error
unused

opcode
unused
request length

Reply

numbernf STRs in names
sequencaumber
replylength

unused

names

unused, p=pad(n)

opcode
keycode-count
requeskength
first-leycode
keysyms-per-kycode
unused

keysyms

opcode
unused
request length
first-leycode
ount

unused

Reply
keysyms-per-kycode
sequencaumber

reply length (m = count field from the request)

unused
keysyms
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ChangeKeyboardControl

1 102

1

2 2+n

4 BITMASK
#x0001
#x0002
#x0004
#x0008
#x0010
#x0020
#x0040
#x0080

4n  LISTofVALUE

VALUEs

INT8
INT8
INT16
INT16
CARDS

PRPNNR R

0
1
KEYCODE

N

0
1
2

GetKeyboardControl
1 103
1
2 1

1

o

0

1
CARD16
5
CARD32
CARDS8
CARDS8
CARD16
CARD16

WNNNRFRPERPRABRDN

2 LISTofCARDS8

Bell
104
INT8

NP

ChangePointerControl
1 105

3

INT16
INT16
INT16
BOOL

RPNNNDNPRP

ley-click-percent
bell-percent
bell-pitch
bell-duration

led

led-mode

ley

opcode

unused

requestength
value-mask (has n bits set to 1)

auto-repeat-mode

Off
On

Off
On
Default

99

value-list

key-click-percent
bell-percent
bell-pitch
bell-duration

led

led-mode

ley
auto-repeat-mode

opcode
unused
request length

Reply
global-auto-repeat

sequencaumber
reply length
led-mask
key-click-percent
bell-percent
bell-pitch
bell-duration
unused
auto-repeats

opcode
percent
request length

opcode

unused

request length
acceleration-numerator
acceleration-denominator
threshold

do-acceleration
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1 BOOL do-threshold

GetPointerControl

1 106 opcode
1 unused
2 1 request length
1 1 Reply
1 unused
2 CARD16 sequencaumber
4 0 reply length
2 CARD16 acceleration-numerator
2 CARD16 acceleration-denominator
2 CARD16 threshold
18 unused
SetScreenSeer
1 107 opcode
1 unused
2 3 request length
2 INT16 timeout
2 INT16 intenal
1 prefer-blanking
0 No
1 Yes
2 Default
1 dlow-exposures
0 No
1 Yes
2 Default
2 unused
GetScreenSaer
1 108 opcode
1 unused
2 1 request length
1 1 Reply
1 unused
2 CARD16 sequencaumber
4 0 reply length
2 CARD16 timeout
2 CARD16 intenal
1 prefer-blanking
0 No
1 Yes
1 dlow-exposures
0 No
1 Yes
18 unused
ChangeHosts
1 109 opcode
1 mode
0 Insert
1 Delete
2 2+(n+p)/4 requedength
1 family
0 Internet
1 DECnet

147



2
1
2 n
n LISTofCARDS8
p
ListHosts
1 110
1
2 1
1 1
1
0
1
2 CARD16
4 n4
2 CARD16
22
n LISTofHOST
SetAccessControl
1 111
1
0
1
2 1

SetCloseDownMode

1 112
1
0
1
2
2 1
KillClient
1 113
1
2 2
4 CARD32
0
RotateProperties
1 114
1
2 3+n
4 WINDOW
2 n
2 INT16
4n  LISTofATOM
ForceScreenSaer
1 115
1
0
1
2 1

Chaos

Disabled
Enabled

Disable
Enable

Destroy

RetainPermanent

RetainTemporary

AllTemporary

Reset
Activate

unused

length of address
address

unused, p=pad(n)

opcode
unused
request length

Reply
mode

sequencaumber
replylength

numbepnf HOSTSs in hosts

unused

hostgn alays a multiple of 4)

opcode
mode

request length

opcode
mode

request length

opcode
unused
request length
resource

opcode

unused
requestength
window

rumber of properties
delta

properties

opcode
mode

request length
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SetPointerMapping
116

1
1 n
2 1+(n+p)/4
n LISTofCARDS8
p
1 1
1
0
1
2 CARD16
4 0
24

GetPointerMapping

1 17

1

2 1

1 1

1 n

2 CARD16

4 (n+p)/4

24

n LISTofCARDS8

p
SetModifierMapping

1 118

1 n

2 1+2n

8n  LISTofKEYCODE

1 1
1
0
1
2
2 CARD16
4 0
24
GetModifierMapping
1 119
1
2 1
1 1
1 n
2 CARD16
4 2n
24
8n LISTofKEYCODE

NoOperation
1 127

Success
Busy

Success
Busy
Failed

opcode

length of map
requesength
map

unused, p=pad(n)

Reply
gatus

sequencaumber
reply length
unused

opcode
unused
request length

Reply

length of map
sequencaeumber
replylength
unused

map

unused, p=pad(n)

opcode

keycodes-per-modifier

requeskength
keycodes

Reply
gatus

sequencaumber
reply length
unused

opcode
unused
request length

Reply

keycodes-per-modifier

sequencaumber
reply length
unused
keycodes

opcode
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1
2

4n

Events

1+n

KeyPress

ArDRADMANPRPPE

PEPNNNDNN

2

KEYCODE

CARD16
TIMESTAMP
WINDOW

WINDOW

WINDOW

0 None
INT16

INT16

INT16

INT16
SETofKEYBUTMASK
BOOL

KeyRelease

ARARNRPR

PEPNNNNN

3

KEYCODE

CARD16
TIMESTAMP
WINDOW

WINDOW

WINDOW

0 None
INT16

INT16

INT16

INT16
SETofKEYBUTMASK
BOOL

ButtonPress

ARABRNRPR

PENNNNN

4
BUTTON

CARD16

TIMESTAMP
WINDOW

WINDOW

WINDOW

0 None
INT16

INT16

INT16

INT16
SETofKEYBUTMASK
BOOL

ButtonRelease

A DBNRBE

5

BUTTON
CARD16
TIMESTAMP
WINDOW

unused
requestength
unused

@de

detail
sequencaeumber
time

root

event

child

root-x

root-y

event-x
event-y

state
same-screen
unused

@de

detail
sequencaeumber
time

root

event

child

root-x

root-y

avent-x
event-y

state
same-screen
unused

@de

detail
sequencaumber
time

root

event

child

root-x

root-y

avent-x
event-y

state
same-screen
unused

@de

detail
sequencaumber
time

root
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4 WINDOW event
4 WINDOW child
0 None
2 INT16 root-x
2 INT16 root-y
2 INT16 avent-x
2 INT16 event-y
2 SETofKEYBUTMASK state
1 BOOL same-screen
1 unused
MotionNotify
1 6 wde
1 detail
0 Normal
1 Hint
2 CARD16 sequencaumber
4 TIMESTAMP time
4 WINDOW root
4 WINDOW event
4 WINDOW child
0 None
2 INT16 root-x
2 INT16 root-y
2 INT16 a/ent-x
2 INT16 event-y
2 SETofKEYBUTMASK state
1 BOOL same-screen
1 unused
EnterNotify
1 7 wode
1 detail
0 Ancestor
1 Virtual
2 Inferior
3 Nonlinear
4 NonlinearVirtual
2 CARD16 sequenceumber
4 TIMESTAMP time
4 WINDOW root
4 WINDOW event
4 WINDOW child
0 None
2 INT16 root-x
2 INT16 root-y
2 INT16 a/ent-x
2 INT16 event-y
2 SETofKEYBUTMASK state
1 mode
0 Normal
1 Grab
2 Ungrab
1 same-screen, focus
#x01 focugq1 is True, O is False)
#x02 same-scregQ is True, 0 is False)
#xFC unused
LeaveNotify
1 8 wde
1 detail
0 Ancestor
1 Virtual
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2 Inferior

3 Nonlinear
4 NonlinearVirtual
2 CARD16 sequencaumber
4 TIMESTAMP time
4 WINDOW root
4 WINDOW event
4 WINDOW child
0 None
2 INT16 root-x
2 INT16 root-y
2 INT16 avent-x
2 INT16 event-y
2 SETofKEYBUTMASK state
1 mode
0 Normal
1 Grab
2 Ungrab
1 same-screen, focus
#x01 focug1 is True, O is False)
#x02 same-scregi is True, 0 is False)
#XFC unused
Focusin
1 9 wde
1 detail
0 Ancestor
1 Virtual
2 Inferior
3 Nonlinear
4 NonlinearVirtual
5 Pointer
6 PointerRoot
7 None
2 CARD16 sequencaumber
4 WINDOW event
1 mode
0 Normal
1 Grab
2 Ungrab
3 WhileGrabbed
23 unused
FocusOut
1 10 code
1 detail
0 Ancestor
1 Virtual
2 Inferior
3 Nonlinear
4 NonlinearVirtual
5 Pointer
6 PointerRoot
7 None
2 CARD16 sequencaumber
4 WINDOW event
1 mode
0 Normal
1 Grab
2 Ungrab
3 WhileGrabbed
23 unused
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KeymapNotify
1

n code
31 LISTofCARDS keys (byte for leycodes 0-7 is omitted)
Expose
1 12 code
1 unused
2 CARD16 sequencaumber
4 WINDOW window
2 CARD16 X
2 CARD16 y
2 CARD16 width
2 CARD16 height
2 CARD16 count
14 unused

GraphicsExposure

1 13 code
1 unused
2 CARD16 sequencaumber
4 DRAWABLE drawable
2 CARD16 X
2 CARD16 y
2 CARD16 width
2 CARD16 height
2 CARD16 minoropcode
2 CARD16 count
1 CARDS8 majoropcode
11 unused
NoExposure
1 14 code
1 unused
2 CARD16 sequencaumber
4 DRAWABLE drawable
2 CARD16 minoropcode
1 CARDS8 majoropcode
21 unused
VisibilityNotify
1 15 code
1 unused
2 CARD16 sequencaeumber
4 WINDOW window
1 date
0 Unobscured
1 PartiallyObscured
2 FullyObscured
23 unused
CreateNotify
1 16 code
1 unused
2 CARD16 sequencaumber
4 WINDOW parent
4 WINDOW window
2 INT16 X
2 INT16 y
2 CARD16 width
2 CARD16 height
2 CARD16 bordeswidth
1 BOOL override-redirect
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DestroyNotify
17

CARD16
WINDOW
WINDOW

NDBBANRBRF

UnmapNotify
18

CARD16
WINDOW
WINDOW
BOOL

PRADMNRRE

MapNotify
19

CARD16
WINDOW
WINDOW
BOOL

PRDMRANRRE

MapRequest
20

CARD16
WINDOW
WINDOW

NDBBRANPR P

ReparentNotify
21

CARD16
WINDOW
WINDOW
WINDOW
INT16
INT16
BOOL

PRPNNRARAMANRER

ConfigureNotify
2

CARD16
WINDOW
WINDOW
WINDOW
0

INT16
INT16
CARD16
CARD16
CARD16

A BRABANRBE

NNDNDNN

unused

code

unused
sequencaumber
event

window

unused

code

unused
sequencaumber
event

window
from-configure
unused

code

unused
sequencaeumber
event

window
override-redirect
unused

code

unused
sequencaumber
parent

window

unused

code

unused
sequencaeumber
event

window

parent

X

y
override-redirect
unused

code

unused
sequencaumber
event

window
above-sibling

X
y

width
height
bordeiwidth
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1 BOOL

ConfigureRequest

1 23
1

ArWNEFLO

CARD16
WINDOW
WINDOW
WINDOW
0

INT16
INT16
CARD16
CARD16
CARD16
BITMASK
#x0001
#x0002
#x0004
#x0008
#x0010
#x0020
#x0040

AR BADN

NNNNNN

GravityNotify
1 24

CARD16
WINDOW
WINDOW
INT16
INT16

EPENNDBRANBR

ResizeRequest

Y]

CARD16
WINDOW
CARD16
CARD16

NNNEANPRP P

CirculateNotify

2

CARD16

WINDOW
WINDOW
WINDOW

PABRABANRERBE

0
1

15

Above
Below
Toplf
Bottomlf
Opposite

None

X

y

width
height
bordewidth
sibling
stack-mode

Top
Bottom

override-redirect
unused

code
gack-mode

sequencaumber
parent

window

sibling

X

y

width
height
bordetwidth
value-mask

unused

code

unused
sequencaumber
event

window

X

y
unused

code

unused
sequencaumber
window

width

height

unused

code

unused
sequencaumber
event

window

unused

place

unused
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CirculateRequest

27

CARD16
WINDOW
WINDOW

PABRABANRPR

= O

15

PropertyNotify

28

CARD16
WINDOW
ATOM

PABRADNRLER

0
1

15

SelectionClear

29

CARD16

WINDOW
ATOM

PABRDBNRBE

SelectionRequest

30

CARD16

ANRE R

0
WINDOW
WINDOW
ATOM
ATOM
ATOM

0

AR BMD

~

SelectionNotify

1 3
1
2 CARD16
4 TIMESTAMP
0
4 WINDOW
4 ATOM
4 ATOM
4 ATOM
0
8
ColormapNotify
1 7]

TIMESTAMP

TIMESTAMP

TIMESTAMP

Top
Bottom

NewValue
Deleted

CurrentTime

None

CurrentTime

None

code

unused
sequencaumber
parent

window

unused

place

unused

code

unused
sequencaeumber
window

atom

time

date

unused

code

unused
sequencaumber
time

owner

selection
unused

code

unused
sequencaumber
time

owner
requestor
selection
target
property

unused

code

unused
sequencaumber
time

requestor
selection

target
property

unused

code
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1 unused
2 CARD16 sequencaumber
4 WINDOW window
4 COLORMAP colormap
0 None
1 BOOL nev
1 date
0 Uninstalled
1 Installed
18 unused

ClientMessage

1 33 code
1 CARDS8 format
2 CARD16 sequencaumber
4 WINDOW window
4 ATOM type
20 data
MappingNotify
1 A code
1 unused
2 CARD16 sequencaumber
1 request
0 Modifier
1 Keyboard
2 Pointer
1 KEYCODE first-leycode
1 CARDS8 count
25 unused
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Glossary

Access control list

X maintains a list of hosts from which client programs can be run. By default, only pro-
g_rams on the local host and hosts specified in an initial list read by the server can use the

isplay Clients on the local host can change this access control list. Some server imple-
mentations can also implement other authorization mechanisms in addition to or in place of
this mechanism. The action of this mechanism can be conditional based on the authoriza-
tion protocol name and data reasl by the server at connection setup.

Active gab

Al_grab is actre when the pointer ordgboard is actually owned by the single grabbing
client.

Ancestors
If W is an inferior of A, then A is an ancestor of W.
Atom

An atom is a unique ID corresponding to a string name. Atoms are used to identify proper-
ties, types, and selections.

Background

An InputOutput window can hae a tackground, which is defined as a_loixmap. When
regions of the winde havetheir contents lost or walidated, the server will automatically
tile those regions with the background.

Backing store

When a server maintains the contents of a windioe pixels seed off screen are known as
a backing store.

Bit gravity
When a windw is resized, the contents of the windare not necessarily discarded. It is _
possible to request that the server relocate the previous contents to some region of the win-

dow (though no guarantees are made). This attraction of wiedatents for some loca-
tion of a windav Is known as bit gravity.

Bit plane

When a pixmap or windwis thought of as a stack of bitmaps, each bitmap is called a bit
plane or plane.

Bitmap
A bitmap is a pixmap of depth one.
Border

An InputOutput window can hae a trder of equal thickness on all four sides of the win-
dow. A pixmap defines the contents of the borded the server automatically maintains
the contents of the bordeExposure gents are neer generated for border regions.

Button grabbing

Buttons on the pointer may be pashi %rabbed by a client. When the button is pressed,
the pointer is then agtly grabbed by the client.

Byte order

For image (pixmap/bitmap) data, the server defines the byte andeclients with different
native byte ordering must swap bytes as necesswy all other parts of the protocol, the
client defines the byte ordend the server swaps bytes as necessary.

Children
The children of a winde are its first-level subwindows.
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Client

An application ﬁrogram connects to the windsystem server by some interprocess com-

munication path, such as a TCP connection or a shared memory bifeprogram is

referred to as a client of the windl@ystem serverMore preciselythe client is the com- .

munication path itself; a program with multiple paths open to the server is viewed as multi-

Ble clients b?{ the protocol. Resource lifetimes are controlled by connection lifetimes, not
y program lifetimes.

Clipping region
In a graphics context, a bitmap or list of rectangles can be specified to restrict output to a
particular region of the winde The image defined by the bitmap or rectangles is called a
clipping region.

Colormap

A colormap consists of a set of entries defining codtwes. Thecolormap associated with

a window is used to display the contents of the window; each pixel valuaéadee col-

ormap to produce RGB values thatvdrihe guns of a monitorDepending on hardware
limitations, one or more colormaps may be installed at one time, so that windows associ-
ated with those maps display with correct colors.

Connection

The interprocess communication path between the server and client program is known as a
connection. Aclient program 'a;plcally (but not necessarily) has one connection to the
server @er which requests andrents are sent.

Containment

A window ‘‘contains’ the pointer if the windw is viewable and the hotspot of the cursor is
within a visible region of the windoor a Msible region of one of its inferiors. The border
of the windav is included as part of the winddor containment. The pointer is “ima
window if the windav contains the pointer but no inferior contains the pointer.

Coordinate system

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

is inside the border at the inside upper left.

Cursor

A cursor is the visible shape of the pointer on a screen. It consists of a hot spot, a source
bitmap, a shape bitmap, and a pair of colors. The cursor defined for awgonols the
visible appearance when the pointer is in that windo

Depth

The depth of a winde or pixmap is the number of bits per pixel that it has. The depth of a
graphics context is the depth of thewdahles it can be used in conjunction with for graph-
ICs output.

Device

Keyboards, mice, tablets, track-balls, button boxes, and so on are all eeleatiown as
input devices. Thecore protocol only deals with tnwdevices, “the leyboard” and “the
pointer”

DirectColor

DirectColor is a class of colormap in which a pixel value is decomposed into three sepa-
rate subfields for indéng. Thefirst subfield indees an aray to produce red intensity val-
ues. Thesecond subfield indes a £cond array to produce blue intensigfues. Thehird
subfield indees a tird array to produce green intensiglves. ThérRGB values can be
changed dynamically.
Display
A server together with its screens and input devices, is called a display.
Drawable
Both windows and pixmaps can be used as sources and destinations in graphics operations.

These windows and pixmaps are collegti known as dravables. Havever, an Inpu-
tOnly window cannot be used as a source or destination in a graphics operation.
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Event

Clients are informed of information asynchronously by meanseanft® Thes@vents can
be generated either asynchronously from devices or as side effects of client requests.
Events are grouped into t%pe_s. The serveengends gents to a client unless the client
has specificially asked to be informed of that typevehte However, ather clients can
force events to be sent to other clients. Events are typically reportedvestata window.

Event mask

Events are requested relatio a window. The set of gent types that a client requests rela-
tive o a window is described by using arvent mask.

Event synchronization

There are certain race conditions possible when demultiplexing deeitts € clients (in
particular deciding where pointer aneikoard &ents should be sent when in the middle of
window management operations). Theeet synchronization mechanism allows syn-
chronous processing of deviceents.

Event propagation

Device-relatedwents propagate from the source windm ancestor windows until some
client has expressed interest in handling that typsesit®r until the gent is discarded

explicitly.
Event source

The windav the pointer is in is the source of a device-relatetite
Exposure event

Servers do not guarantee to presdne contents of windows when windows are obscured
or reconfigured. Exposureents are sent to clients to inform them when contents of
regions of windows keen lost.

Extension

Named extensions to the core protocol can be defined to extend the system. Extension to
output requests, resources, anene types are all possible and are expected.

Focus window
The focus windw is another term for the input focus.

Font
A font is a matrix of glyphs (typically characters). The protocol does no translation or
interpretation of character sets. The client simply indicates values usedxdhedgyph
array A font contains additional metric information to determine interglyph and interline
spacing.

GC, GContext
GC and gcontext are abbreviations for graphics context.

Glyph
A glyph is an image, typically of a charactera font.

Grab

Keyboard leys, the leyboard, pointer buttons, the pointand the server can be grabbed for
exclusive use by a client. In general, these facilities are not intended to be used by normal
applications but are intended for various input and wind@nagers to implement various
styles of user interfaces.

Graphics context

Various information for graphics output is stored in a graphics context such as foreground
pixel, background pixel, line width, clipping region, and so Argraphics context can

only be used with dreables that hae the same root and the same depth as the graphics
context.

Gravity
Seebit gravity andwindow gravity .
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GrayScale

GrayScalecan be viewed as a degenerate cagesefidoColor, in which the red, green,
and blue values in gmgiven colormap entry are equal, thus producing shades of Jiag
gray values can be changed dynamically.

Hotspot

A cursor has an associated hotspot that defines the point in the cursor corresponding to the
coordinates reported for the pointer.

Identifier

An identifier is a unique value associated with a resource that clients use to name that
resource. Thelentifier can be usedser any connection.

Inferiors

The inferiors of a windw are all of the subwindows nested b&ld: the children, the chil-
dren’s dildren, and so on.

Input focus

The input focus is normally a windodefining the scope for processing @fykoard input.
If a generateddyboard @ent would normally be reported to this windor one of its infe-
riors, the gent is reported normallyOtherwise, theent is reported with respect to the
focus windev. The input focus also can be set such thateglbkard @ents are discarded
and such that the focus winsldas dynamically taken to be the root wind@f whatever
screen the pointer is on at ea ard eent.

Input manager
Control orer keyboard input is typically provided by an input manager client.
InputOnly window

An InputOnly window is a window that cannot be used for graphics requeBtputOnly
windows are invisible and can be used to control such things as cursorsyempyjsmera-
tion, and grabbingInputOnly windows cannot ha InputOutput windows as inferiors.

InputOutput window

An InputOutput window is the normal kind of opaque windpused for both input and
_Ol#tp!,lt. InputOutput windows can hee both InputOutput and InputOnly windows as
inferiors.

Key grabbing

Keys on he leyboard can be passly grabbed by a client. When theis pressed, the
keyboard is then aatély grabbed by t?\e client.

Keyboard grabbing

A client can actiely grab control of the é&yboard, and &y esents will be sent to that client
rather than the client theents would normally h&e keen sent to.

Keysym
An encoding of a symbol on &ycap on a &yboard.
Mapped

A window is said to be mapped if a map call has been performed on it. Unmapped win-
dows and their inferiors are ves viewable or visible.

Modifier keys

Shift, Control, Meta, SupgHyper, Alt, Compose, Apple, CapsLock, ShiftLock, and simi-
lar keys ae called modifier &ys.

Monochrome
Monochrome is a special caseSthticGray in which there are only twoolormap entries.
Obscure

A window is obscured if some other windoobscures it. Window A obscures windw B if

both are vievable InputOutput windows, A is higher in the global stacking ord#d the _
rectangle defined by the outside edges of A intersects the rectangle defined by the outside
edges of B. Note the distinction between obscure and occludes. Also note that window
borders are included in the calculation and that a wwzm be obscured and yet stilMea
visible regions.
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Occlude

A window is occluded if some other win#ooccludes it. Windav A occludes windw B if

both are mapped, A is higher in the global stacking pedérthe rectangle defined by the _
outside edges of A intersects the rectangle defined by the outside edges of B. Note the dis-
tinlctioln between occludes and obscures. Also note that wibdoers are included in the
calculation.

Padding

Some padding bytes are inserted in the data stream to maintain alignment of the protocol
requests on natural boundaries. This increases ease of portability to some machine archi-
tectures.

Parent window
If C is a child of Pthen P is the parent of C.
Passive gab

Grabbing a By a button is a pasge gah The grab actiates when theéy a button is
actually pressed.

Pixel value

A pixel is an N-bit value, where N is the number of bit planes used in a particular window
or pixmap (that is, N is the depth of the wimdor pixmap). For a windav, a pxel value
indexes a olormap to detie an actual color to be displayed.

Pixmap

A pixmap is a three-dimensional array of bifs pixmap is normally thought of as a two-
dimensional array of pixels, where each pixel can be a value from 0 to (2°N)-1 and where N
|6<,_ the depth (z axis) of the pixmap. pixmap can also be thought of as a stack of N

itmaps.

Plane

When a pixmap or windeis thought of as a stack of bitmaps, each bitmap is called a
plane or bit plane.

Plane mask

Graphics operations can be restricted to only affect a subset of bit planes of a destination.
A plane mask is a bit mask describing which planes are to be modified. The plane mask is
stored in a graphics context.

Pointer
The pointer is the pointing device attached to the cursor and tracked on the screens.
Painter grabbing

A client can actiely grab control of the pointerThen button and motiorvents will be
sent to that client rather than the client thenés would normally hae keen sent to.

Painting device

A pointing device is typically a mouse, tablet, or some other device with efettien-
sional motion. There is only one visible cursor defined by the core protocol, and it tracks
whatever pointing device is attached as the pointer.

Property

Windows may hee associated properties, which consist of a name, a type, a data format,
and some data. The protocol places no interpretation on propertigsaréhietended as a
general-purpose naming mechanism for cliefis.example, clients might use properties
to share information such as resize hints, program names, and icon formats with a window
manager.

Property list

ghe property list of a windme is the list of properties that ti@ been defined for the win-
ow.

PseudoColor

PseudoColoris a class of colormap in which a pixel value ixebethe colormap to pro-
duce independent red, green, and blue values; that is, the colormap is viewed as an array of
triples (RGB alues). ThdRGB values can be changed dynamically.
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Redirecting control

Windonv managers (or client programs) may want to enforce wirldgout poliy in vari-

ous vays. Whera dient attempts to change the size or position of a windte operation

may be redirected to a specified client rather than the operation actually being performed.
Reply

Information requested by a client program is sent back to the client with a Begly

events and replies are multipled on the same connection. Most requests do not generate

replies, although some requests generate multiple replies.
Request

A command to the server is called a request. It is a single block of dataveeaionnec-
tion.

Resource

Windows, pixmaps, cursors, fonts, graphics contexts, and colormaps are known as
resources. Thﬁaﬁ have wique identifiers associated with them for naming purposes. The
lifetime of a resource usually is bounded by the lifetime of the conneatenvbich the
resource was created.

RGB values

Red, green, and blue (RGB) intensity values are used to define Thise values are

always represented as 16-bit unsigned numbers, with O being the minimum intensity and

F1555d 5 being the maximum intensityhe server scales the values to match the display
ardware.

Root

The root of a pixmap, colormap, or graphics context is the same as the root eewhate
drawable was used when the pixmap, colormap, or graphics context was created. The root
of a windav is the root windav under which the winde was created.

Root window

Each screen has a root windoovering it. It cannot be reconfigured or unmapped, but it
otherwise acts as a full-fledged windoA root windav has no parent.

Save st

The sae =t of a client is a list of other clients’ windows that, ifittaee inferiors of one of
the clients windows at connection close, should not be destroyed and that should be
remapped if currently unmapped. vBaets are tygically used by windananagers to
avad lost windows if the manager terminates abnormally.

Scanline

A scanline is a list of pixel or bit values viewed as a horizontal(edl values having the
same y coordinate) of an image, with the values ordered by increasing x coordinate.

Scanline order

An image represented in scanline order contains scanlines ordered by increasing y coordi-
nate.

Screen

A server can provide seral independent screens, which typicallydghysically indepen-
dent monitors. This would be the expected configuration when there is only a single
keyboard and pointer shared among the screens.
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Selection

A selection can be thought of as an indirect property with dynamic type; that is, rather than
having the property stored in the seyveis maintained by some client (the “owngr' A
selection is global in nature and is thought of as belonging to the user (although maintained
by clients), rather than as belngkv|ate to a particular winde subhierarcly or a particular

set of clients. When a client asks for the contents of a selection, it specifies a selection
“target typ€’ This target type can be used to control the transmitted representation of the
contents. Br example, if the selection is “the last thing the user clickedamdf that is

currently an image, then the target type mi%ht 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 “lbfksits, line spacing,
indentation, and so on) of aJ)aragraph selection rather than the text of the paragraph. The
target type can also be used for other purposes. The protocol does not constrain the seman-
tics.

Server

The server provides the basic windowing mechanism. It handles connections from clients,
multlplelxes gaphics requests onto the screens, and demukipleput back to the appro-
priate clients.

Selrver grabbing

The server can be grabbed by a single client for exeluse. Thisprevents processing of
ary requests from other client connections until the 3_rab is completed. This is typically
only a transient state for such things as rubber-banding, pop-up menusienute e
requests indivisibly.

Sibling
Children of the same parent windare known as sibling windows.

Stacking order

Sibling windows may stack on top of each othéfindows abee aher windows both
obscure and occlude those lower wiwdo Thisis similar to paper on a desk. The rela-
tionship between sibling windows is known as the stacking order.

StaticColor

StaticColor can be viewed as a degenerate cadesetidoColorin which the RGB values
are predefined and read-only.

StaticGray

StaticGray can be viewed as a degenerate caggrafScalein which the gray values are
predefined and read-onlyrhe values are typically linear or near-linear increasing ramps.

Stipple

A sti[:()ple pattern is a bitmap that is used to tile a region that wileses\an dditional clip
mask for a fill operation with the foreground color.

String Equivalence

Two ISO Latin-1 STRINGS values are considered equal ¥ tine the same length and if
corresponding bytes are either equal or arevelguit as follavs: decimalaues 65 to 90
inclusive (charactersA” to “Z”) are pairwise equiaent to decimal values 97 to 122
inclusive (characters “a’to ‘‘z”), decimal values 192 to 214 inclu& (CharactersA

rave” to “O diaeresis”) are pairwise equent to decimal values 224 to 246 incltesi
characters “a gn&” t o "0 diaeresis”), and decimal values 216 to 222 inslegtharac-
ters “O oblique™to *“THORN?”) are pairwise equialent to decimal values 246 to 254
inclusive (characters “o obliquéto ‘‘thorn”).

Tile
A pixmap can be replicated in ordimensions to tile a ggon. Thepixmap itself is also
known as a tile.
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Timestamp

A timestamp is a time value, expressed in milliseconds. It typically is the time since the
last server resefTimestamp values wrap around (after about 49.7 days). The,sgvear

its current time is represented by timestamgways interprets timestamps from clients by
treating half of the timestamp space as being earlier in time than T and half of the times-
tamp space as being later in time tharOhe timestamp value (nam&urrentTime ) is

never generated by the serverhis value is reserved for use in requests to represent the
current server time.

TrueColor

TrueColor can be viewed as a degenerate cad@ireictColor in which the subfields in
the pixel value directly encode the corresponding RGB values; that is, the colormap has
predefined read-only RGBalues. Thevalues are typically linear or near-linear increasing
ramps.

Type
A type is an arbitrary atom used to identify the interpretation of property Ggas are
completely uninterpreted by the server and are solely for the benefit of clients.

Viewable

A window is viewable if it and all of its ancestors are mapped. This does not imply that
ary portion of the winduw is actually visible. Graphics requests can be performed on a
window when it is not vievable, but output will not be retained unless the server is main-
taining backing store.

Visible
A regon of a windav is visible if someone looking at the screen can actually see it; that is,
the windav is viewable and the region is not occluded by ather windav.

Window gravity

When windows are resized, subwindows may be repositioned automaticallyerelati
some position in the windo This attraction of a subwingoto some part of its parent is
known as windw gravity.

Window manager

Manipulation of windows on the screen and much of the user interface (policy) is typically
provided by a winde manager client.

XYFormat

The data for a pixmap is said to be in XY format if it iganized as a set of bitmaps repre-
senting individual bit planes, with the planes appearing from most-significant to least-sig-
nificant in bit order.

ZFormat

The data for a pixmap is said to be in Z format if it ganized as a set of pixel values in
scanline order.
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