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Copyright © 1994 X Consortium

Permission is hereby granted, free of geato ay person obtaining a cepf this software and associated
documentation files (th&Software’), to deal in the Softare without restriction, including without limita-
tion the rights to use, cgpmodify, merge, publish, distribte, sublicense, and/or sell copies of the Soft-
ware, and to permit persons to whom the Saftnis furnished to do so, subject to the felfey conditions:

The abeoe mpyright notice and this permission notice shall be included in all copies or substantial portions
of the Softvare.

THE SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANRBILITY, FAT-
NESS FOR A RRTICULAR PURPOSE AND NONINFRINGEMENTIN NO EVENT SHALL THE X
CONSOR'IUM BE LIABLE FOR ANY CLAIM, DAMAGES OR QHER LIABILITY, WHETHER IN
AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FFOM, OUT OF OR IN CONNEC-
TION WITH THE SOFTWARE OR THE USE OR DHER DEALINGS IN THE SOFTWRE.
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The folloving document eplains the structure of the XiMlow System display seer and the intedices

among the lager pieces.t is intended as a reference for programmers who are implementing an X Display
Sener on their vorkstation hardare. lItis included with the X \Wdow System source tape, along with the
document "Stratges for Porting the X v11 Sample SetV Theorder in which you should read these doc-
uments is:

1) Readhe first section of the "Strages for Porting" document (@wiew of Porting Process).
2)  Skimove this document (the Definition document).
3)  Skimover the remainder of the Strajies document.

4)  Startplanning and wrking, referring to the Stragees and Definition documents.

You may also vant to look at the follwving documents:

. "The X Window System" for an gerview of X.

. "Xlib - C Language X Intetfce” for a viev of what the client programmer sees.

. "X Window System Protocol” for a terse description of the byte stream protocol between the client
and serer.

LK201 and DEC are trademarks of Digital Equipment CorporatMacintosh and Apple are trademarks
of Apple Computerinc. PostScripis a trademark of Adobe Systems, Iiiethernet is a trademark of
Xerox Corporation.X Window System is a trademark of X Consortium, Ir€ray is a trademark of Cray
Research, Inc.

To understand this document and the accompansource code, you should kmthe C languageYou
should be dmiliar with 2D graphics and windang concepts such as clipping, bitmaps, fonts, ¥tw
should hae a gneral knaledge of the X Whdow System. B implement the seer code on your hard-
ware, you need to ko a lot about your hardare, its graphic display diee(s), and (possibly) its netnk-
ing and multitaskingdcilities.

This document depends a lot on the source code, so you sheeld Isting of the code handy

Some source on the distifion tape is directly compilable on your machi@ame of it will require modi-
fication. Otheparts may hee © be completely written from scratch.

The tape also includes source for a sample implementation of a displeywskith runs on aariety of
color and monochrome displays which you will find useful for implementigdygoe of X serer.

1. TheX Window System

The X Window System, or simply "X," is a windeing system that prades high-performance, highvid,
device-independent graphics.

X is awndowing system designed for bitmapped graphic displdyee display can h& a mple,

monochrome display or it canvea olor display with up to 32 bits per gikwith a special graphics pro-

cessor doing theavk. (Inthis document, monochrome means a black and white display with one bit per
pixel. Even though the usual meaning of monochrome is more general, this special case is so common that
we decided to resesvhe word for this purpose.)

X is designed for a netwrking ervironment where users can run applications on machines other than their

own workstations. Sometimet)e connection isw@r an Ethernet netwrk with a protocol such as TCP/IP;
but, ary "reliable" byte stream is allegble. A high-bandwidth byte stream is preferable; RS-232 at 9600
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baud vould be slev without compression techniques.

X by itself allovs great freedom of desigfor instance, it does not includeyauser interbce standardlts
intent is to "pr@ide mechanism, not poli¢ By making it general, it can be the foundation for a widg-v
ety of interactre oftware.

For a nore detailed werview, see the document "The X Mtlow System." For details on the byte stream
protocol, see "X Widow System protocol."”

2. OVERVIEW OF THE SERVER

The display seer manages winaes and simple graphics requests for the user on behalffefafif client
applications. Thelient applications can be running oryanachine on the newvk. Thesener mainly
does three things:

. Responds to protocol requests froxiséing clients (mostly graphic andxtedraving commands)
. Sends deice input (leystrokes and mouse actions) and othesngs to &isting clients
. Maintains client connections

The serer code is gyanized into four major pieces:

. Device Independent (DIX) layer - code shared among all implementations

. Operating System (OS) layer - code that ifedént for each operating systemt Is shared among
all graphic deices for this operating system

. Device Dependent (DDX) layer - code that is (potentiallyledént for each combination of operat-
ing system and graphic dee

. Extension Interdice - a standarday to add features to the X serv

The "porting layer" consists of the OS and DDX layers; these are actually parallel and neither one is on top
of the other The DIX layer is intended to be portable without change tetasystems and is not detailed

here, although seral routines in DIX that are called by DDX are documentegtensions incorporate

new functionality into the seer; and require additional functionalityes a Smple DDX.

The following sections outline the functions of the layeBgction 3 briefly tells what you need to o
about the DIX layer The OS layer isxplained in Section 4Section 5 gies the theory of operation and
procedural intedice for the DDX layerSection 6 describes the functions whictisé for the &tension
writer.

2.1. NotesOn Resources and Lage Structs

X resources are C structs inside the serClient applications create and manipulate these objects accord-
ing to the rules of the X byte stream protocGlient applications refer to resources with resource IDs,
which are 32-bit intgers that are senver the netvark. Within the serer, of course, thg are just C

structs, and we refer to them by pointers.

The DDX layer has seral kinds of resources:

. Window
. Pixmap
. Screen
. Device
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. Colormap

. Font

. Cursor

. Graphics Contets

The type names of the more important sestructs usually end in "Rec," such asvideRec;" the pointer
types usually end in "Rtrsuch as "DeicePtr"

The structs and important defined constants are declared in .h filesvéhahimes that suggest the name of
the object.For instance, there are dwh files for windavs, windav.h and windavstr.h. windav.h defines
only what needs to be defined in order to use wirsdweithout peeking inside of them; winastrh defines
the structs with all of their components in great detail for those who need it.

Three kinds of fields are in these structs:
. Attribute fields - struct fields that contaialves lile nrormal structs
. Pointers to procedures, or structures of procedures, that operate on the object

. A private field (or two) used by your DDX code teekp prvate data (probably a pointer to another
data structure), or an array ofyate fields, which is sized as the sarinitializes.

DIX calls through the strud’procedure pointers to do its taskBhese procedures are set either directly or
indirectly by DDX proceduresMost of the procedures described in the remainder of this document are
accessed through one of these struets.example, the procedure to create a pixmap is attached to a
ScreenRec and might be called by using stpgession

(* pScreen->CreatePixmap)(pScreen, width, height, depth).

All procedure pointers must be set to some routine unless noted otherwise; a null pointeeviifdru-
nate consequences.

Procedure routines will be indicated in the documentation by thiscton:
void pScreen->MyScreenRoutinegaaqg, ...)
as opposed to a free routine, not in a data structure:

void MyFreeRoutine(a, ag, ...)

The attritute fields are mostly set by DIX; DDX should not modify them unless noted otherwise.

3. DIXLAYER

The DIX layer is the machine anduitee independent part of XThe source should be common to all eper
ating systems and diees. Theport process should not include changes to this part, therefore internal inter
faces to DIX modules are not discussed;ept for public inteidices to the DDX and the OS layers.

In the process of getting your serio work, if you think that DIX must be modified for purposes other
than lug fixes, you may be doing something wrorgeep looking for a more compatible solutiowhen
the net release of the X sesv code is aailable, you should be able to just drop in thevidX code and
compile it. If you change DIX, you will hee o remember what changes you made and wileha change
the nev sources before you can update to the mersion.

The heart of the DIX code is a loop called the dispatch I&gzh time the processor goes around the loop,
it sends dfaccumulated inputwents from the input deces to the clients, and it processes requests from
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the clients. This loop is the most genized way for the serer to process the asynchronous requests that it
needs to procesdviost of these operations are performed by OS and DDX routines that you must supply

4. OSLAYER

This part of the source consists of & f@utines that you he o rewrite for each operating systerithese
OS functions maintain the client connections and schedulle to be done for clientsThey also provide
an interfce to font files, font name to file name translation, andded memory management.

void Oslnit()
Osilnit initializes your OS code, performing whagetasks need to be donErequently there is not much
to be done.The sample seer implementation is in Xseev/os/osinit.c.

4.1. Schedulingand Request Deliery

The main dispatch loop in DIX creates the illusion of multitasking betwetsetit windavs, while the
sener is itself lut a single processThe dispatch loop breaks up thenk for each client into small
digestible partsSome parts are requests from a client, such agdi@il graphic commandsSome parts
are @ents delvered to the client, such agystrokes from the userThe processing ofvents and requests
for different clients can be interkestl with one another so true multitasking is not needed in therserv

You must supply some of the pieces for proper scheduling between clients.

int WaitForSomething(pClientReady)
int *pClientReady;

WaitForSomething is the scheduler procedure you must write that will suspend yarrmeocess until
something needs to be donEhis call should makthe serer suspend until one or more of the faling
occurs:

. There is an inputvent from the user or hardwe (see SetinputCheck())

. There are requestsaiting from knavn clients, in which case you should return a count of clients
stored in pClientReady

. A new client tries to connect, in which case you should create the clienttemdcontinue waiting

Before WaitForSomething() computes the masks to pass to select, it needs to see if thgheéng tmdo
on the vork queue; if so, it must call a DIX routine called Procemd®@ueue.
extern WorkQueuePtr wrkQueue;

if (workQueue)
ProcessWrkQueue ();

If WaitForSomething() decides it is about to do something that might block (in the sampie before it
calls select()) it must call a DIX routine called BlockHandler().

void BlockHandler(pTmeout, pReadmask)
pointer pTmeout;
pointer pReadmask;
The types of the guments are for agreement between the OS and DDX implementdtignise pTime-
out is a pointer to the information determiningriong the block is allwed to last,and the pReadmask is
a pointer to the information describing the descriptors that will bited on.

In the sample seey, pTimeout is a struct tinval **, andpReadmask is the address of the select() mask
for reading.

The DIX BlockHandler() iterates through the Screefios,each one calling its BlockHandleA Block-
Handler is declared thus:
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void xxxBlockHandler(nscreen, pbdata, pgtReadmask)
int nscreen;
pointer pbdata;
struct timeval * * pptv;
pointer pReadmask;
The aguments are the ingef the Screenthe blockData field of the Screeand the aguments to the
DIX BlockHandler().

Immediately after \&@itForSomething returns from the blockyen if it didn’t actually block, it must call
the DIX routine VékeupHandler().

void WakeupHandler(result, pPReadmask)
int result;
pointer pReadmask;

Once agin, thetypes are not specified by DIXhe result is the success indicator for the thing that (may
have) blocked, and the pReadmask is a mask of the descriptors that cavee brcthe sample seer,
result is the result from select@nd pReadmask is the address of the select() mask for reading.

The DIX WakeupHandler() calls each ScreeiiakeupHandler A WakeupHandler is declared thus:

void xxxWakeupHandler(nscreen, pbdata, pReadmask)
int nscreen;
pointer pbdata;
unsigned long result;
pointer pReadmask;
The aguments are the ingef the Screenthe blockData field of the Screeand the aguments to the
DIX WakeupHandler().

In addition to the pescreen BlockHandlers, gmodule may rgister block and akeup handlers (only
together) using:

Bool ReajisterBlockAndWkeupHandlers (blockHandlewakeupHandlerblockData)
BlockHandlerProcPtr blockHandler;
WakeupHandlerProcPtr akeupHandler;
pointer blockData;
A FALSE return code indicates that thgistration &iled for lack of memoryTo remove a egstered
Block handler at other than serveset time (when there all remeed automatically), use:

RemareBlockAndWakeupHandlers (blockHandlewvakeupHandlerblockData)
BlockHandlerProcPtr blockHandler;
WakeupHandlerProcPtr akeupHandler;
pointer blockData;
All three aguments must match thalues passed to BisterBlockAndVékeupHandlers.

These rgistered block handlers are called after thegoeeen handlers:

void (*BlockHandler) (blockData, pptypReadmask)

pointer blockData;
OSTimePtr pptv;
pointer pReadmask;

Any wakeup handlers mstered with RgisterBlockAndVkeupHandlers will be called before the Screen
handlers:

void (*WakeupHandler) (blockData, epReadmask)
pointer blockData;
int err;
pointer pReadmask;
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The WaitForSomething on the sample senalso has auilt in screen szer that darlens the screen if no
input happens for a period of tim&he sample seer implementation is in Xseev/os/\\aitFor.c.

Note that VditForSomething() may be called when you alreadyetsmveal outstanding things ¥ents,
requests, or neclients) queued upFor instance, your seev may hae just done a lgre graphics request,
and it may hee been a long time since &lfForSomething() \as last calledIf mary clients hae lots of
requests queued up, DIX will only service some of them fovenglient before going on to the xieclient
(see isltTmeToYield, belav). ThereforeWaitForSomething() will hae © report that these same clients
still have requests queued up thexhéme around.

An implementation should return information on as ynautstanding things as it camfor instance, if your
implementation alays checks for client data first and does not repgorimout e/ents until there is no
client data left, your mouse andyboard might get loakd out by an application that constantly barrages
the serer with graphics draing requests.

A list of indexes (client->ind&) for clients with data ready to be read or processed should be returned in
pClientReadyand the count of indess returned as the resultle of the call.These are not clients that
have full requests readyut ary clients who hae any data ready to be read or processéte DIX dis-
patcher will process requests from each client in turn by calling ReadRequestFromClient(), belo

WaitForSomething() must createwelients as thg are requested (by whater mechanism at the transport
level). A new client is created by calling the DIX routine:

ClientPtr NextAvailableClient(ospr)
pointer OSpH;
This routine returns NULL if a meclient cannot be allocated (e.g. maximum number of clients reached).
The ospn argument will be stored into the OS yaie field (pClient->o0sPvate), to store OS préte infor
mation about the clientn the sample seey, the osPwate field contains the number of the setcfor this
client. See also "Ne Client Connections."NextAvailableClient() will call InsertBkeRequest(), so you
must be prepared for this.

If there are outstanding inputents, you should makaure that the tw SetinputCheck() locations are
unequal. Thd®IX dispatcher will call your implementation of Processinpuaite() until the Set-
InputCheck() locations are equal.

The sample seer contains an implementation oBifForSomething(). Théllowing two routines indi-
cate to VitForSomething() what déces should be aited for fd is an OS dependent type; in the sample
sener it is an open file descriptor

int AddEnabledDeice(fd)
int fd;

int RemaeEnabledDeice(fd)
int fd;
These tw routines are usually called by DDX from the initialize cases of the Input Procedures that are
stored in the DdceRec (the routine passed to AddinputiBe()). Thesample semr implementation of
AddEnabledDeice and RemeeEnabledDeice are in Xserer/os/connection.c.

4.2. NewClient Connections

The process whereby amelient-sener connection starts up ieny dependent upon what your byte
stream mechanismThis section describes byte stream initiation usiajrgles from the TCP/IP imple-
mentation on the sample serv

The first thing that happens is a client initiates a connection with thex.skelaw a dient knavs to do this
depends upon your netwk facilities and the Xlib implementationn a typical scenario, a user named

Fred on his X wrkstation is logged onto a Cray supercomputer running a command shell in an ¥windo
Fred can type shell commands andéhtie Cray respond as though the X semvere a dumb terminal.

Fred types in a command to run an X client application thatlimked with Xlib. Xlib looks at the shell
ervironment \ariable DISPLA, which has the alue "fredsbittube:0.0.The host name of Fresl’
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workstation is "fredsbittube," and the Os are for multiple screens and multiple et pereesses(Pre-
cisely what happens on your system depends uperkremd Xlib are implemented.)

The client application calls a TCP routine on the Cray to open a TCP connection for X to communicate
with the netverk node "fredsbittube.The TCP softwre on the Cray does this by looking up the TCP
address of "fredsbittube” and sending an open request to TCP port 6000 on fredsbittube.

All X servers on TCP listen for meclients on port 6000 by dafilt; this is knan as a "well-kna/n port" in
IP terminology

The serer receves this request from its port 6000 and checks where it came from to see if it is on the
sener’s list of "trustworthy” hosts to talk to.Then, it opens another port for communications with the
client. Thisis the byte stream that all X communications will gero

Actually, it is a bit more complicated than thaEach X serer process running on the host machine is

called a "display Eachdisplay can he nore than one screen that it managearporatelydra:3.2" rep-
resents screen 2 on display 3 on the multi-screenearieh@de corporatsfira. Theopen request auld
be sent on well-knen port number 6003.

Once the byte stream is set up, what goes on does not degpgmduch upon whether or not it is TCP
The client sends an xConnClientPrefix struct (see Xproto.h) that hasr#i@wvnumbers for thesvsion of
Xlib it is running, some byte-ordering information, andteharacter strings used for authorizatidhthe
sener does not lik the authorization strings or thergion numbers do not match within the rules, or if
arything else is wrong, it sendsailfire response with a reason string.

If the information neer comes, or comes much toosly, the connection should be beakof. You must
implement the connection timeouthe sample seer implements this bydeping a timestamp for each
still-connecting client and, each time just before it attempts to acoggiomaections, it closes gron-
nection that are too oldT'he connection timeout can be set from the command line.

You must implement whater authorization schemes youant to support.The sample seer on the distri-
bution tape supports a simple authorization schefte only interéce seen by DIX is:

char *
ClientAuthorized(client, proto_n, auth_proto, string_n, auth_string)
ClientPtr client;
unsigned int proto_n;
char *auth_proto;
unsigned int string_n;
char *auth_string;

DIX will only call this once per client, once it has read the full initial connection data from the dfitme.
connection should be accepted ClientAuthorized() should return NULL, and otherwise should return an
error message string.

Accepting ne connections happens internally tait¥orSomething(). \&itForSomething() must call the
DIX routine NetAvailableClient() to create a client objed®rocessing of the initial connection data will
be handled by DIX.Your OS layer must be able to map from a client to wieai@formation your OS
code needs to communicate on theegibyte stream to the clienDIX uses this ClientPtr to refer to the
client from nav on. Thesample semr uses the osRete field in the ClientPtr to store the file descriptor
for the sockt, the input and outputifers, and authorization information.

To initialize the methods you choose to wlldients to connect to your se&w main() calls the routine

void CreateVelIKnownSoclets()

This routine is called only once, and not called when thees&sveset.To recreate ansockets during
sener resets, the folleing routine is called from the main loop:

void ResetVElIKnownSoclets()
Sample implementations of both of these routines are found inétsesiconnection.c.
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For more details, see the section called "Connection Setup" in the X protocol specification.

4.3. ReadingData from Clients

Requests from the client are read in as a byte stream by the QSTlgemay be in the form of seral
blocks of bytes deliered in sequence; requests may be énolip eer block boundaries or there may be
mary requests per blockEach request carries with it length informatidhis the responsibility of the fol-
lowing routine to break it up into request blocks.

int ReadRequestFromClient(who)
ClientPtr who;

You must write the routine ReadRequestFromClient() to get one request from the byte stream belonging to
client "who." You must svap the third and fourth bytes (the second 16-bitdyaccording to the byte-

swap rules of the protocol to determine the length of the reqiiést.length is measured in 32-bibvds,

not in bytes.Therefore, the theoretical maximum request is 25@#owever, the maximum length aleed

is dependent upon the sers input tuffer. This size is sent to the client upon connectidhe maximum

size is the constant MAX_RBEEST_SIZE in Xsergr/include/os.h) The rest of the request you return is
assumed NDto be mrrectly svapped for internal use, because that is the responsibility of DIX.

The 'who’ agument is the ClientPtr returned fromaiforSomething. Theeturn \alue indicating status
should be set to the (pos#) byte count if the read is successful, 0 if the read iocled, or a ngdive
error code if an error happened.

You must then store a pointer to the bytes of the request in the client regfiiestibld; who->request-
Buffer. This can simply be a pointer into yowrfter; DIX may modify it in place bt will not otherwise
cause damageOf course, the request must be contiguous; you mudtesitiground in your bffers if not.

The sample seer implementation is in Xsegv/os/io.c.

DIX can insert data into the client stream, and can cause a "replay"” of the current request.

Bool InsertlakeRequest(client, data, count)
ClientPtr client;
char *data;
int count;

int ResetCurrentRequest(client)
ClientPtr client;

InsertFakeRequest() must insert the specified number of bytes of data into the head of theffapidrb
the client. This may be a complete request, or it might be a partial regeestéxample, Ne&tAvailable-
Cient() will insert a partial request in order to read the initial connection data sent by theTdliemoutine
returns RLSE if memory could not be allocate®esetCurrentRequest() should "back up" the inptfeb
so that the currentlyxecuting request will be reecuted. DIXmay hae dtered some alues (e.g. the
overall request length), so you must recheck to see if you st habmplete requestResetCurrentRe-
guest() should alays cause a yield (isltheToYield).

4.4. Sendingevents, Errors And Replies D Clients

int WriteToClient(who, n, bf)
ClientPtr who;
int n;
char *f;
WriteToClient should write n bytes starting afflbo the ClientPtr "who"It returns the number of bytes
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written, kut for simplicity, the number returned must be either the saahgevas the number requested, or
-1, signaling an errorThe sample seer implementation is in Xseev/os/io.c.

void SendError@Client(client, majorCode, minorCode, resld, errorCode)

ClientPtr client;

unsigned int majorCode;

unsigned int minorCode;

XID resld;

int errorCode;
SendErrordClient can be used to send errors back to clients, although in most cases your request function
should simply return the error codeyhmey set client->error&lue to the appropriate erraalue to return to
the client, and DIX will call this function with the correct opcodes for you.

void FlushAllOutput()
void FlushlfCriticalOutputPending()

void SetCriticalOutputPending()
These three routines may be implemented to supptigrbd or delayed writes to clientsjttat the ery
least, the stubs mustist. FlushAllOutput(Junconditionally flushes all output to clients; FlushlfCrit-
icalOutputPending() flushes output only if SetCriticalOutputPending() has be called since the last time out-
put was flushed.The sample seer implementation is in Xseev/os/io.c and actually ignores requests to
flush output on a peslient basis if it knas that there are requests in that clemput queue.

4.5. Font Support

In the sample seey, fonts are encoded in disk files or fetched from the foneseFor disk fonts, there is
one file per font, with a file name &Kfixed.pcf". Font serer fonts are readver the netvork using the X
Font Sener Protocol. The disk directories containing disk fonts and the names of the foetsame listed
together in the current "font path.”

In principle, you can put all your fonts irCR1 or in RAM in your serer. You can put them all in one
library file on disk. You could generate them on the fly from seakescriptions. Byplacing the appropri-
ate code in thednt Library you will automatically gport fonts in that format both through the X ssrv
and the Bnt serer.

With the incorporation of font-seev based fonts and the Speedo donation from Bitstream, the font inter
faces hae been meed into a separate librgrgow called the Bnt Library (../fonts/lib). These routines are
shared between the X senand the &nt serer, so instead of this document specifying what you must
implement, simply refer to the font library intack specification for the detail8ll of the interiace code to
the Font library is contained in dix/dixfonts.c

4.6. Memory Management

Memory management is based on functions in the C runtime libxajoc(), Xrealloc(), and Xfree()

work just like malloc(), realloc(), and free()xeept that you can pass a null pointer to Xrealloc() te lita
allocate ane or pass a null pointer to Xfree() and nothing will happ&he \ersions in the sample serv
also do some checking that is useful forugging. Consula C muntime library reference manual for more
details.

The macros ALLOCAE_LOCAL and DEALLOCAE_LOCAL are proided in Xserer/include/os.h.
These are useful if your compiler supports alloca() (or some method of allocating memory from the stack);
and are defined appropriately on systems which support it.

Treat memory allocation carefully in your implementatidhemory leaks can beevy hard to find and are
frustrating to a userAn X server could be running for days or weeks without being reset, jesaligular
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terminal. Ifyou leak a fes dozen k per daythat will add up and will cause problems for users thatlea
their workstations on.

4.7. ClientScheduling

The X serer has the ability to schedule clients mucle Bk operating system auld, suspending and
restarting them without gerd for the state of their inputilfers. Thisfunctionality allavs the X serer to
suspend one client and continue processing requests from other clients aitiilg for a long-term net-
work actiity (like loading a font) before continuing with the first client.

Bool isltTimeToYield,;

isltTimeToYield is a global &riable you can set if youamt to tell DIX to end the clierst™time slice" and
start paying attention to thexielient. After the current request is finished, DIX will et the next
client.

In the sample seey, ReadRequestFromClient() sets istiEToYield after 10 requests paztk in a rov are
read from the same client.

This scheduling algorithm canvea &rious efect upon performance whendwdients are draing into
their windavs simultaneouslylf it allows one client to run until its request queue is empty by ignoring
isltTimeToYield, the clients queue may indct n&er empty and other clients will be bloe#d out. On the
other hand, if it switchs between féifent clients too quick]yperformance may stdr due to too much
switching between contés. For example, if a graphics processor needs to be set up withindyanodes
before draving, and tvo different clients are dwang with different modes into tavdifferent windavs, you
may switch your graphics processor modes so often that performance is impacted.

See the Stratges document for heuristics on setting istti&ToYield.

The following functions preide the ability to suspend request processing on a particular client, resuming it
at some later time:

int IgnoreClient (who)
ClientPtr who;

int AttendClient (who)
ClientPtr who;
Ignore client is responsible for pretending that tivergdient doesrt exist. WaitForSomething should not
return this client as ready for reading and should not return if only this client is retiegdClient undoes
whatever IgnoreClient did, setting it up for inputaig.

Three functions support "process control” for X clients:

Bool ClientSleep (client, function, closure)
ClientPtr  client;
Bool (*function)();
pointer closure;

This suspends the current client (the calling routine is responsible for makirayitsagk to Dispatch()).
No more X requests will be processed for this client until Cli@k8dp is called.

Bool ClientSignal (client)
ClientPtr  client;

This function causes a call to the (*function) parameter passed to ClientSleep to be queuedda the w
gueue. Thigloes not automatically "akeup” the client, bt the function called is free to do so by calling:

ClientWakeup (client)
ClientPtr  client;
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This re-enables X request processing for the specified client.

4.8. OtherOS Functions
void
ErrorF(char *f, ...)

void
FaalError(char *f, ...)

void
Error(str)
char *str;

You should write these three routines to yide for diagnostic output from the dix and ddx layers, although
implementing them to produce no output will ndeaf the correctness of your servErrorF() and
FatalError() tale a pintf() type of format specification in the firsgament and an implementation-depen-
dent number of guments follwing that. Normally, the formats passed to ErrorF() aratdfError() should

be terminated with a mdine. Error()provides an os inteaice for printing out the string passed as gu-ar
ment folloved by a meaningfullanation of the last system errddormally the string does not contain a
newline, and it is only called by the ddx laydn the sample implementation, Error() uses the perror()
function.

After printing the messageguments, RtalError() must be implemented such that theesasil call
AbortDDX() to give the ddx layer a chance to reset the hargwand then terminate the samit must not
return.

The sample seer implementation for these routines is in Xsefws/util.c.

4.9. Idiom Support

The DBE specification introduces the notion of idioms, which are groups of X requests which can be
executed more diciently when takn as a whole compared to being performed/iddally and sequen-
tially. This following sener internal support to alles DBE implementations, as well as other parts of the
sener, to do idiom processing.

xRegPtr PeekNeRequest(xRegPtr req, ClientPtr client, Bool readmore)

If req is NULL, the return alue will be a pointer to the start of the complete request thaivitlee one
currently being wecuted for the clientlf req is not NULL, the function assumes that req is a pointer to a
request in the clierg’request bffer, and the return alue will be a pointer to the the start of the complete
request that follas req. If the complete request is notadable, the function returns NULL; pointers to
partial requests will ner be returned. If(and only if) readmore is TBE, PeekNrtRequest should try to
read an additional request from the client if one is not alreaihable in the client request bffer. If
PeekNeatRequest reads more data into the requafsehit should not mee a change thexasting data.

void SkipRequests(xReqPtr req, ClientPtr client, int numskipped)

The requests for the client up to and including the one specified by req will be skippeskipped must

be the number of requests being skippldrmal request processing will resume with the request that fol-
lows req. The caller must not we nodified the contents of the requesffer in ary way (e.g., by doing

byte svapping in place).

Additionally, two macros in 0s.h operate on the xReq pointer returned by Priélddpiest:

int ReqLen(xReqPtr req, ClientPtr client)
The \alue of RegLen is the request length in bytes of thengiReq.

otherReqVpePtr CastxReq(xReq *req, otherRgp&Ptr)
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The \alue of CastxReq is the cgmsion of the gren request pointer to an otherReg€Ptr (which should
be a pointer to a protocol structure typ&nly those fields which come after the length field of otherReg-
Type may be accessed via the returned pointer

Thus the first tw fields of a request, regpe and data, can be accessed directly using the xReq * returned
by PeekNgtRequest. Theext field, the length, can be accessed with Regligealds bgond that can be
accessed with CastxRedhis comple&ity was necessary because of the reencoding of core protocol that
can happen due to the BigRequestgm@sion.

5. DDXLAYER

This section describes the inré between DIX and DDXWhile there may be an OS-dependenyeri
interface between DDX and theydical deice, that interdice is left to the DDX implementor and is not
specified here.

The DDX layer does most of itsonk through procedures that are pointed to bfedght structs As previ-
ously described, the belar of these resources is dgly determined by these procedure pointéfsst of
these routines are for graphic display on the screen or support functions tiéreoést are for user input
from input deices.

5.1. INPUT

In this document "“input"” refers to input from the ysach as mouse gyboard, and bar code readeis.
input devices are of seeral types: leyboard, pointing ddce, and mayothers. Thecore serer has support
for extension deices as described by the X Input Extension document; thedoésrused by thaxtension
are described eledere. Thecore deices are actually implemented a®tenllections of deices, the
mouse is a ButtonDce, a \aluatorDeice and a PtrFeedbackidee while the kyboard is a i€yDevice, a
FocusDevice and a KbdFeedbackiliee. Eachpart implements a portion of the functionality of theide.
This abstraction is hidden from weor core deices by DIX.

You, the DDX programmeere responsible for some of the routines in this sect@imers are DIX rou-
tines that you should call to do the things you need to do in these DDX rouR@eattention to which is
which.

5.1.1. InputDevice Data Structures

DIX keeps a global directory of viees in a central data structure called Inputlrffor each deice there is
a cevice structure called a DeeRec. DIXcan locate anDeviceRec through Inputinfoln addition, it
has a special pointer to identify the main pointingickeand a special pointer to identify the main
keyboard.

The DeviceRec (Xserer/include/input.h) is a dé&e-independent structure that contains the state of an
input device. ADevicePtr is simply a pointer to a BieeRec.

An xEvent describes arvent the serer reports to a clientDefined in Xproto.h, it is a huge struct of union
of structs that hze fields for all kinds of eents. All of the \ariants @erlap, so that the struct is actually
very small in memory

5.1.2. Poocessing Eents
The main DDX input integce is the follaing routine:

void ProcessinputEants()
You must write this routine to de#r input events from the userDIX calls it when input is pending (see
next section), and possiblywen when it is not. You should write it to geteents from each dece and
deliver the events to DIX. To deliver the events to DIX, DDX should call the folling routine:
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void DevicePtr>processinputProc(pEwnt, deice, count)

XEventPtr gents;

DevicelntPtr deice;

int count;
This is the "input proc" for the diee, a DIX procedureDIX will fill in this procedure pointer to one of its
own routines by the time Processinpudats() is called the first timeCall this input proc routine as man
times as needed to dedi as mary events as should be dedired. DIXwill buffer them up and send them
out as neededCount is set to the number ofeat records which makup one atomic deice e/ent and is
always 1 for the core deces (see the X Input Extension for descriptions efads which may use count >
1).

For example, your Processinputénts() routine might check the mouse and #yb&ard. Ifthe keyboard
had sgeral keystrokes queued up, it could just call theykoards processinputProc as matimes as

needed to flush its internal queue.

evant is an xEent struct you pass to the input prahen the input proc returns, it is finished with the
evant rec, and you can fill in mevalues and call the input procaag with it.

You should deliver the events in the same order that yheere generated.

For keyboard and pointing déces the xEent \ariant should bedyButtonPointer Fill in the following
fields in the xEent record:

type isone of the follving: KeyPress, €yRelease, ButtonPress,
ButtonRelease, or MotionNotify
detail forKeyPress or l€yRelease fields, this should be the
key number (not the ASCII code); otherwise unused
time isthe time that thevent happened (32-bits, in milliseconds, arbitrary origin)
rootX isthe x coordinate of cursor
rootY isthe y coordinate of cursor

The rest of the fields are filled in by DIX.

The time stamp is maintained by your code in the DDX |ay®f it is your responsibility to stamp all
events correctly

The x and y coordinates of the pointinyide and the time must be filled in for alleat types including
keyboard &ents.

The pointing deice must report alldtton press and releaseents. Inaddition, it should report a Motion-
Notify event every time it gets called if the pointing dee has mweed sSnce the last notify Intermediate
pointing deice moves ae stored in a special GetMotiongts luffer, because most client programs are
not interested in them.

There are quite a collection of sample implementations of this routine, one for each supparted de

5.1.3. elling DIX When Input is Pending

In the serer’s dspatch loop, DIX checks to see if there iy davice input pending whener WaitFor-
Something() returnslf the check says that input is pending, DIX calls the DDX routine ProcesslIn-
putEwvents().

This check for pending input must bery quick; a procedure call is toowloThe code that does the check
is a hardwired IF statement in DIX code that simply comparesafnes/pointed to by twpointers. Ifthe
values are dferent, then it assumes that input is pending and ProcesslemisBvis called by DIX.

You must pass pointers to DIX to tell it whatlues to compareThe following procedure is used to set
these pointers:
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void SetlnputCheck(pl, p2)
long *p1, *p2;
You should call it sometime during initialization to indicate to DIX the correct locations to chfeek.

should pay special attention to the size of what Hetually point to, because the locations are assumed to
be longs.

These tw pointers are initialized by DIX to point to arbitrarglues that are ddrent. Inother words, if
you forget to call this routine during initialization, thexst thing that will happen is that Processin-
putEwents will be called when there are n@m®s to process.

pl and p2 might point at the head and tail of some shared memory dueatber use wuld be to hae
one point at a constant 0, with the other pointing at some mask containing 1s for eachvinpuhdehas
something pending.

The DDX layer of the sample senvcalls SetinputCheck() once when the egsvyrivate internal queue is
initialized. Itpasses pointers to the queslsdad and tail.See Xsergr/mi/mieg.c.

int TimeSinceLastinputEant()
DDX must time stamp all hardawe input gents. ButDIX sometimes needs to kwahe time and the OS
layer needs to kmothe time since the last hardve input gent in order for the screensa to work.
TimeSinceLastlinputBant() returns the this time in milliseconds.

5.1.4. Contwlling Input Devices

You must write four routines to daavious deice-specific things with theegboard and pointing déce.
They can hae any name you wish because you pass the procedure pointers to DIX routines.

int pinternalDeice->\aluator>GetMotionProc(pdéce, coords, start, stop, pScreen)

DevicelntPtr pdeice;

xTimecoord * coords;

unsigned long start;

unsigned long stop;

ScreenPtr pScreen;
You write this DDX routine to fill in coords with all the motiomeats that hae imes (32-bit count of mil-
liseconds) between time start and time stidshould return the number of motioveats returned.If there
iS no motion eents support, this routine should do nothing and return ZEe. maximum number of
coords to return is set in InitPointendeeStruct(), bela.

When the user drags the pointingide, the cursor position theoretically sweeps through an infinite num-
ber of points.Normally, a dient that is concerned with points other than the starting and ending points will
receve a pintermove e/ent only as often as the serngenerates them. (Me esents do not queue up;

each n& one replaces the last in the queud.3erer, if desired, can implement a scheme teeshese
intermediate wents in a motion bffer. A client application, lik a @int program, may then request that
these gents be deliered to it through the GetMotionProc routine.

void pinternalDeice->bell->BellProc(percent, pDiee, ctrl, unknavn)
int percent;
DevicelntPtr pDeice;
pointer ctrl;
int class;
You need to write this routine to ring the bell on tletboard. louds a number from 0 to 100, with 100
being the loudestClass is either BellFeedbackClass or KbdFeedbackClass (from Xl.h).
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void pinternalDeice->somedece->CtrIProc(deice, ctrl)
DevicePtr deice;
SomethingCtrl *ctrl;

You write two versions of this procedure, one for thethoard and one for the pointinguilee. DIX calls it
to inform DDX when a client has requested changes in the current settings for the partiocdar fee a
keyboard, this might be the repeat threshold and fatea pointing device, this might be a scalingdtor
(coarse or fine) for position reportin@ee input.h for the ctrl structures.

5.1.5. Inputlnitialization

Input initialization is a bit complicatedt all starts with Initinput(), a routine that you write to call AddIn-
putDevice() twice (once for pointing e@&e and once fordyboard.) Yu also vant to call Rgis-
terKeyboardDeice() and RgisterPointerDeice() on them.

When you Add the déces, a routine you supply for eactvide gets called to initialize themYour indi-
vidual initialize routines must call IniggboardDeiceStruct() or InitPointerDeceStruct(), depending
upon which it is.In other words, you indicate twice that theyboard is the &board and the pointer is the
pointer

void Initinput(agc, agv)
int agc;
char **amgyv;
Initinput is a DDX routine you must write to initialize the input subsystem in DDXaust call Addinput-
Device() for each déce that might generateents. Inaddition, you must gister the main &board and
pointing devices by calling RgisterPointerDeice() and RgisterkeyboardDeice().

DevicePtr AddinputDeice(deviceProc, autoStart)
DeviceProc deiceProc;
Bool autoStart;

AddInputDevice is a DIX routine you call to create avibe object. deviceProc is a DDX routine that is
called by DIX to do arious operationsAutoStart should be TBE for devices that need to be turned on at
initialization time with a special call, as opposed titimg for some client application to turn them on.
This routine returns NULL if sfitient memory cannot be allocated to install theicke

Note also thatx@ept for the maindéyboard and pointing déce, an &tension is needed to pride for a
client interbice to a déce.

void RegisterPointerDeice(device)
DevicePtr deice;

ReagisterPointerDeice is a DIX routine that your DDX code calls that mskhat deice the main pointing
device. Thisroutine is called once upon initialization and cannot be callashag

void RegisterkeyboardDeice(device)
DevicePtr deice;

RagisterkeyboardDeice males the gien device the main &yboard. Thigoutine is called once upon ini-
tialization and cannot be calledzag.

The following DIX procedures return the specifiedvidePtr They may or may not be useful to DDX
implementors.

DevicePtr LookupkeyboardDeice()
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LookupKeyboardDeice returns pointer for current maieyboard deice.

DevicePtr LookupPointerDace()
LookupPointerDeice returns pointer for current main pointing/ide.

A DeviceProc (the kind passed to Addinputfize()) in the follaving form:

Bool pInternalDgice->DericeProc(deice, action);
DevicelntPtr deice;
int action;

You must write a DeiceProc for each dce. device points to the dece record.action tells what action
to tale; it will be one ofthese defined constanfdefined in input.h):

. DEVICE_INIT - At DEVICE_INIT time, the deice should initialize itself by calling InitPointerDe-
viceStruct(), InitkeyboardDeiceStruct(), or a similar routine (see b&)aand "opening" the dece if
necessarylf you return a non-zero (i.e., = Succesalue from the DEVICE_INIT call, that giee
will be considered unailable. If either the maindyboard or main pointing dée cannot be initial-
ized, the DIX code will refuse to continue booting up.

. DEVICE_ON - If the DeiceProc is called with DEVICE_ON, then it is alled to start putting
evants into the client stream by calling through the ProcessinputProc invice.de

. DEVICE_OFF - If the DeiceProc is called with DEVICE_OF-Fo further eents from that deice
should be gien to the DIX layer The de&ice will appear to be dead to the user

. DEVICE_CLOSE - At DEVICE_CLOSE (terminate or reset) time, theéadeshould be totally
closed dwn.

void InitPointerDeviceStruct(deice, map, mapLength,

GetMotionEents, ControlProc, numMotionEmts)

DevicePtr deice;

CARDS8 *map;

int mapLength;

ValuatorMotionProcPtr ControlProc;

PtrCtrIProcPtr GetMotionEnts;

int numMotionEents;
InitPointerDeviceStruct is a DIX routine you call at DEVICE_INIT time to declare some operating
routines and data structures for a pointingce2 mapand mapLength are as described in the X
Windaw System protocol specificatiorControlProc and GetMotionEwts are DDX routines, see
above.

numMotionEents is for the motiontlifer-size for the GetMotionEents requestA typical length
for a motion liffer would be 100 eents. Asener that does not implement this capability should set
numMotionEents to zero.

void InitkeyboardDeiceStruct(deice, pkeySyms, pModifiers, Bell, ControlProc)
DevicePtr deice;

KeySymsPtr pleySyms;

CARDS8 *pModifiers;

BellProcPtr Bell;

KbdCtrIProcPtr ControlProc;

You call this DIX routine when adyboard deice is initialized and its déce procedure is called
with DEVICE_INIT. The formats of thedysyms and modifier maps are defined in
Xsener/include/input.h. Thedescribe the layout ofdys on the keyboards, and the glyphs associ-
ated with them.( See the net section for information on setting up the modifier map and éggyikn

Porting Layer Definition -18 - April 8, 1994



map.) ControlProand Bell are DDX routines, see aeo

5.1.6. Keyboard Mapping and Keycodes

When you send agiyboard @ent, you send a report that avg key has either been pressed or has been
released. Thenmust be a &code for eachdy that identifies the éy; the lkeycode-to-ley mapping can be
ary mapping you desire, because you specify the mapping in a table you set up fdd@¥#er, you are

restricted by the protocol specification ®y/&ode alues in the range 8 to 255 inchesi

The keycode mapping information that you set up consists of thenfivlip
. A minimum and maximumeycode number

. An aray of sets of &ysyms for eachéy, that is of length maxdycode - minkeycode + 1.Each ele-
ment of this array is a list of codes for symbols that are on dyafTihere is no limit to the number
of symbols that can be on ayk

Once the map is set up, DIééps and maintains the clienthanges to it.

The X protocol defines standard names to indicate the symbol(s) printed orey=agh kKSee
X11/keysym.h)

Legd modifier keys must generate both up andwdotransitions.When a client tries to change a modifier
key (for instance, to mak"A" the "Control" key), DIX calls the follaving routine, which should retuurn
TRUE if the key an be used as a modifier on theegidevice:

Bool LegdModifier(key, pDev)
unsigned int Ry,
DevicePtr pDe;

5.2. Sceens

Different computer graphics displays/daifferent capabilitiesSome are simple monochrome frame
buffers that are just lying there in memomgiting to be written into.Others are color displays with man
bits per pixel using some color lookup tabl&till others hae high-speed graphic processors that prefer to
do all of the vork themseles, including maintaining theirmm high-lesel, graphic data structures.

5.2.1. Sceen Hardware Requirements

The only requirement on screens is that you be able to both read and write locations in theffeame b
All screens must ha a @pth of 32 or less (unless you use arx¥emsion to alle a greater depth)All
screens must fit into one of the classes listed in the section in this documésiian &nd Depths.

X uses the pigl as its fundamental unit of distance on the scré@&erefore, most programs will measure
evaything in piels.

The sample seer assumes square gig. SeriouWYSIWYG (what you see is what you get) applications
for publishing and draing programs will adjust for diérent screen resolutions automaticalGonsider

able work is involved in compensating for non-squaregiéx(a bit in the DDX code for the sample sgrv
but quite a bit in the client applications).

5.2.2. DataStructures

X supports multiple screens that are connected to the sanee sEnerefore, all the pescreen information
is bundled into one data structure of atitdss and procedures, which is the ScreenRec (see
Xsener/include/scrnintstin). Theprocedure entry points in a ScreenRec operategion®, colormaps,
cursors, and fonts, because these resources ¢anidiformat from one screen to another
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Windows are areas on the screen that can berdiato by graphic routines:Pixmaps" are dfscreen
graphic areas that can bewreinto. They are both considered drables and are described in the section
on Drawables. Allgraphic operations erk on dravables, and operations aresdable to coy patches

from one dravable to another

The pidel image data in all dveebles is in a format that is pete to DDX. In fact, each instance of a dra
able is associated with avgh screen. Presumabhlthe pixel image data for pixmaps is chosen to be con-
veniently understood by the hardve. Allscreens in a single sevmust be able to handle all pixmaps
depths declared in the connection setup information.

Pixmap images are transferred to the seiv one of tw ways: XYPixmap or ZPimapXYPixmaps are a

series of bitmaps, one for each bit plane of the image, using the bitmap padding rules from the connection
setup. ZPixmapare a series of bits, nibbles, bytes ards, one for each pek using the format rules

(padding and so on) for the appropriate depth.

All screens in a gien srver must agree on a set of pixmap image formats (Pixorapt) to support
(depth, number of bits per k etc.).

There is no color interpretation of bits in the pixm&ixmaps do not contain gkvalues. Thenterpreta-
tion is made only when the bits are transferred onto the screen.

The screeninfo structure (in scrnints)ris a global data structure that has a pointer to an array of Screen-
Recs, one for each screen on the aer{These constitute the one and only description of each screen in the
sener.) Eachscreen has an identifying ind€0, 1, 2, ...).In addition, the screeninfo struct contains global
sener-wide details, such as the bit- and byte- order in all bit images, and the list of pixmap image formats
that are supportedlhe X protocol insists that these must be the same for all screens on #re serv

5.2.3. Outputlnitialization

InitOutput(pScreeninfo, gc, agv)

Screenlinfo *pScreeninfo;

int amgc;

char **amv;
Upon initialization, your DDX routine InitOutput() is called by DIX.is passed a pointer to screeninfo to
initialize. Itis also passed thegarand agv from main() for your seer for the command-line gmments.
These aguments may indicate what onfaonary screen deice(s) to use or in whatay to use themFor
instance, your seer command line may ailoa "-D" flag followed by the name of the screewide to use.

Your InitOutput() routine should initialize each screen you wish to use by calling AddScreen(), and then it
should initialize the pixmap formats that you support by storaiges directly into the screeninfo data
structure. %u should also set certain implementation-dependent numbers and procedures in your screen-
Info, which determines the pixmap and scanline padding rules for all screens in #ne serv

int AddScreen(scrinitProc, ge, agv)

Bool (*scrinitProc)();

int amgc;

char **amv;
You should call AddScreen(), a DIX procedure, in InitOutput() once for each screen to add it to the screen-
Info databaseThe first agument is an initialization procedure for the screen that you suppb/second
and third are the gc and agv from main(). It returns the screen number of the screen installed, or -1 if
there is either insfitient memory to add the screen, or (*scrinitProc) returfddSE.

The scrinitProc should be of the fallimg form:

Bool scrinitProc(iScreen, pScreengaragv)
int iScreen;
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ScreenPtr pScreen;

int amgc;

char **amv;
iScreen is the indefor this screen; O for the first one initialized, 1 for the second pS&creen is the
pointer to the screemew SreenRec. @c and agv are as beforeYour screen initialize procedure should
return TRJE upon success oAESE if the screen cannot be initialized (for instance, if the screen hegdw
does not ¥ist on this machine).

This procedure must determine what actualaeit is supposed to initializdf you have a dfferent proce-

dure for each screen, then it is no probldfiyou have the same procedure for multiple screens, it may

have trouble figuring out which screen to initialize each time around, especially if InitOutput() does not ini-
tialize all of the screendt is probably easiest to & e procedure for each screen.

The initialization procedure should fill in all the screen procedures for that screenviwiigdonctions,
region functions, etc.) and certain screen aitels for that screen.

5.2.4. RegiorRoutines in the SceenRec

Aregon is a dynamically allocated data structure that describes gularky shaped piece of real estate in
XY pixel space.You can think of it as a set of p#ls on the screen to be operated upon with set operations
such as AND and OR.

A regon is frequently implemented as a list of rectangles or bitmaps that enclose the seletsed pix
Region operators control the "clipping paljicor the operations thatavk on rgjions. (Thesample sermr
uses YX-banded rectangleSnless you hee smething already implemented for your graphics system,
you should kep that implementation:Jhe procedure pointers to thejien operators are located in the
ScreenRec data structuréhe definition of a rgion can be found in the file Xseminclude/rgionstrh.

The region code is found in Xseew/mi/mirggion.c. DDXimplementations using othergien formats will
need to supply diérent \ersions of the igion operators.

Since the list of rectangles is unbounded in size, part of ¢henrdata structure is usually adar dynami-
cally allocated chunk of memarys your raggion operators calculate logical combinations gfars, these
blocks may need to be reallocated by yogiae software. For instance, in the sample serva RegonRec
has some header information and a pointer to a dynamically allocated rectandleriisdically the rect-
angle list needs to beqganded with Xrealloc(), whereupon theangointer is remembered in the glen-
Rec.

Most of the rgion operations come in twforms: a function pointer in the Screen structure, and a macro.
The serer can be compiled so that the macros erdidect calls to the appropriate functions (instead of
indirecting through a screen function pointer), or it can be compiled so that the macros are identical to the
function pointer formsMaking direct calls isdster on manarchitectures.

RegionPtr pScreen->RgonCreate( rect, size)
BoxPtr rect;
int size;

macro: RgionPtr REGION_CREARBE(pScreen, rect, size)

RegionCreate creates agien that describes ONE rectanglEhe caller canwaid unnecessary reallocation
and coping by declaring the probable maximum number of rectangles that gios rill need to describe
itself. Your region routines, though, canndifjust because thegmn gravs begond this size.The caller

of this routine can pass almost#hing as the size; thealue is merely a good guess as to the maximum
size until it is preen wrong by subsequent us&our region procedures are then on theamoin estimating
how big the regjion will get. Your implementation might ignore size, if applicable.
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void pScreen->Rgioninit (pRegion, rect, size)
RegionPtr pRegion;
BoxPtr rect;
int size;
macro: REGION_INIT(pScreen, pBien, rect, size)
Given an existing rav regon structure (such as an localriable), this routine fills in the appropriate fields
to male this region as usable as one returned frongiBeCreate. Thiswvadds the additional dynamic mem-
ory allocation @erhead for the rgion structure itself.

Bool pScreen->RgonCory(dstign, srcgn)
RegionPtr dstgn, srcgn;

macro: Bool REGION_COPY (pScreen, dsty srcgn)

RegionCoyy copies the description of onegien, srcgn, to another already-createdin, dstgn; return-
ing TRUE if the cojy succeeded, andAE SE otherwise.

void pScreen->RgionDestrg( pRegion)
RegionPtr pRegion;

macro: REGION_DESTRQY (pScreen, pRgon)
RegionDestrg destrgys a rgion and frees all allocated memory

void pScreen->RgionUninit (pRegion)
RegionPtr pRegion;

macro: REGION_UNINIT(pScreen, pBien)
Frees werything except the rgion structure itself, useful when thegien was originally passed to Ben-
Init instead of receied from RejionCreate. Whethis call returns, pRgon must not be reused until it has

been Rgionlnit'ed agin.

Bool pScreen->Intersectw®eg, regl, rey2)
RegionPtr n&vRey, regl, reg2;

macro: Bool REGION_INTERSECT (pScreenwi®eg, regl, reg2)

Bool pScreen->Union(weReg, regl, rey2)
RegionPtr n&vRey, regl, reg2;

macro: Bool REGION_UNION(pScreen,wBey, regl, ray2)

Bool pScreen->Subtractw®eg, regMinuend, rgSubtrahend)
RegionPtr ne&vRey, rggMinuend, rgSubtrahend;

macro: Bool REGION_UNION(pScreen,wReg, regMinuend, rgSubtrahend)
Bool pScreen->lverse(nevRey, pRe, pBox)

RegionPtr ne&vRey, pR&;
BoxPtr pBox;
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macro: Bool REGION_INVERSE (pScreenwiReg, pRe, pBox)

The abee four calls all do basic logical operations ogioms. Thg set the ne regon (which already
exists) to describe the logical intersection, union, sétidince, or imerse of the rgion(s) that were passed
in. Your routines must be able to handle a situation where thiRegds the same igion as one of the
other rgion aguments.

The subtract function remes the Subtrahend from the Minuend and puts the resultvifReg
The inverse function returns agen that is the pBox minus thegien passed in(A true "inverse" would
malke a egon that etends to infinity in all directionsut has holes in the middlelj is undefined for situa-
tions where the ggon extends bgond the box.
Each routine must return thalue TRJE for success.
void pScreen->RgionReset(pRgon, pBox)
RegionPtr pRegion;
BoxPtr pBox;
macro: REGION_RESET(pScreen, [gften, pBox)

ReagionReset sets thegien to describe one rectangle and reallocates it to a size of one rectangle, if applica-
ble.

void pScreen->fanslateRgion(pReion, X, y)
RegionPtr pRegion;
intx,y;

macro: REGION_TRANSLAE(pScreen, pRgon, X, )
TranslateRgion simply maes a egon +x in the x direction and +y in the y direction.
int pScreen->RectIn(pR&n, pBox)
RegionPtr pRegion;
BoxPtr pBox;
macro: int RECT_IN_REGION(pScreen, gien, pBox)
Rectln returns one of the defined constagidN, gnOUT, or rgnFART, depending upon whether the box
is entirely inside the ggon, entirely outside of theg®n, or partly in and partly out of thegien. These
constants are defined in Xserfinclude/rgion.h.
Bool pScreen->PointinRgon(pRaion, X, y pBox)
RegionPtr pRegion;
int x,y;
BoxPtr pBox;
macro: Bool POINT_IN_REGION(pScreen, giten, X, y pBox)
PointinReion returns true if the point x, y is in theyien. Inaddition, it fills the rectangle pBox with
coordinates of a rectangle that is entirely inside ofgidteand encloses the poirih the mi implementa-

tion, it is the lagest such rectangl€Due to the sample sevimplementation, this comes cheaply

This routine used by DIX when tracking the pointingide and deciding whether to report mougenés
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or change the cursoFor instance, DIX needs to change the cursor whenvesioom one windw to
another Due to werlapping windavs, the shape to check may bedukar A PointinReion() call for
evay pointing deice mosement may be tooxpensve. The pBox is a kind of ake-up box; DIX need not
call PointinRgion() agin until the cursor anders outside of the returned box.

Bool pScreen->RgonNotEmpty(pRgion)
RegionPtr pRegion;

macro: Bool REGION_NDEMPTY (pScreen, pRgon)

RegionNotEmpty is a boolean function that returns trueatsef depending upon whether thgioa
encloses anpixels.

void pScreen->RgionEmpty(pRgion)
RegionPtr pRegion;

macro: REGION_EMPTY (pScreen, pilen)
RegionEmpty sets the géon to be empty

BoxPtr pScreen->RponExtents(pRgion)
RegionPtr pRegion;

macro: REGION_EXTENTS(pScreen, pien)

RegionExtents returns a rectangle that is the smallest possible superset of thegatireTieecaller will
not modify this rectangle, so it can be the one in yagiorestruct.

Bool pScreen->RgonAppend (pDstRgn, pR®n)
RegionPtr pDstRgn;
RegionPtr pRegion;

macro: Bool REGION_APPEND(pScreen, pDstRgn, gie)
Bool pScreen->RgonValidate (pRgion, pOerlap)
RegionPtr pRegion;
Bool *pOverlap;
macro: Bool REGION_XLID ATE(pScreen, pRgon, pOerlap)
These functions pkade an optimization for clip list generation and must be used in conjunditma com-
bined efect is to produce the union of a collection dfioms, by using RgonAppend seeral times, and
finally calling RegionValidate which taks the intermediate representation (which nedsné \alid region)

and produces the desired unigpOwerlap is set to TRE if ary of the original rgions werlap; FALSE
otherwise.

RegionPtr pScreen->BitmapReagion (pPixmap)
PixmapPtr pPixmap;

macro: RgionPtr BITMAP_TO_REGION(pScreen, pPixmap)

Given a cepth-1 pixmap, this routine must createadid/region which includes all the areas of the pixmap
filled with 1's and excludes the areas filled with)’ Thisroutine returns NULL if out of memory
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RegionPtr pScreen->RectsRegion (nrects, pRects, ordering)
int nrects;
xRectangle *pRects;
int ordering;

macro: RgionPtr RECTS_D_REGION(pScreen, nrects, pRects, ordering)

Given a dient-supplied list of rectangles, producesgioa which includes the union of all the rectangles.
Ordering may be used as a hint which describesthe rectangles are sorteds the hint is preided by a
client, it must not be required to be correct, the results when it is not correct are not defined (core dump
is not an option here).

void pScreen->SendGraphicsExpose(clientgiBe dravable,majoyminor)
ClientPtr client;
RegionPtr pRegion;
XID drawable;
int major;
int minor;

SendGraphicsExpose dispatches a list of GraphicsExposanes gvhich span the geon to the specified
client. Ifthe region is emptyor a NULL pointer, a NoExpose eent is sent instead.

5.2.5. CursorRoutines or a Screen

A cursor is the visual form tied to the pointingrabe. Thedefault cursor is an "X" shapeubthe cursor
can hae any shape. Wherm dient creates a windqg it declares what shape the cursor will be when it
strays into that winde on the screen.

For each possible shape the cursor assumes, there is a CursorRec data sirhidutata structure con-
tains a pointer to a CursorBits data structure which contains a bitmap for the image of the cursor and a
bitmap for a mask behind the cursiaraddition, the CursorRec data structure containggfanend and
background colors for the cursdfhe CursorBits data structure is shared among multiple CursorRec struc-
tures which use the same font and glyph to describe both source andliasiursor image is applied to
the screen by applying the mask first, clearing 1 bits in its form to the backgrouncuoltren serwrit-

ing on the source image, in the fgreund color (One bits of the source image thall bn top of zero bits

of the mask image are undefined@his way, a airsor can hee ransparent parts, and opaque parts m tw
colors. Xallows ary cursor size, bt some hardare cursor schemes all@a maximum of N piels by M

pixels. Thereforeyou are allaved to transform the cursor to a smaller size e sure to include the hot-
spot.

CursorBits in Xseregr/include/cursorstn is a deice-independent structure containing &ide-independent
representation of the bits for the source and méBhis is possible because the bitmap representation is
the same for all screens.)

When a cursor is created, it is "realized" for each scréénealization time, each screen has the chance to
corvert the bits into some other representation that may be movergent (for instance, putting the cursor
into off-screen memory) and set up its/ide-private area in either the CursorRec data structure or Gursor
Bits data structure as appropriate to possibly point to wératieta structures are needdtis more mem-
ory-conserative 10 share realizations by using the CursorBitvate field, lut this males the assumption

that the realization is independent of the colors used (which is typically faenstance, the follwing

are the deice private entries for a particular screen and cursor:

pCursor>devPriv[pScreen->myNum]
pCursor>bits->de/Priv[pScreen->myNum]
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This is done because the change from one cursor shape to another rassabd fesponss; the cursor
image should be able to flutter astfas the user mes it across the screen.

You must implement the follwing routines for your hardave:

Bool pScreen->RealizeCursor( pSoCurs)
ScreenPtr pScr;
CursorPtr pCurs;

Bool pScreen->UnrealizeCursor( pSoCurs)
ScreenPtr pScr;
CursorPtr pCurs;

RealizeCursor and UnrealizeCursor should realize (allocate and calculate all data needed) and unrealize
(free the dynamically allocated data) gsegi cursor when DIX needs thenThey are called whener a
device-independent cursor is created or dgstio Thesource and mask bits pointed to by fields in pCurs
are undefined for bits end the right edge of the cursadrhis is so because the bits are in Bitmap format,
which may hge pad bits on the right edgeXou should inhibit UnrealizeCursor() if the cursor is currently

in use; this happens when the system is reset.

Bool pScreen->DisplayCursor( pSpCurs)
ScreenPtr pScr;
CursorPtr pCurs;

DisplayCursor should change the cursor on thiengicreen to the one passed ihis called by DIX when
the user mees the pointing deice into a diferent windev with a different cursar The hotspot in the cur
sor should be aligned with the current cursor position.

void pScreen->RecolorCursor( pSp€urs, displayed)
ScreenPtr pScr;
CursorPtr pCurs;
Bool displayed;

RecolorCursor notifies DDX that the colors in pCurgehdnanged and indicates whether this is the cursor
currently being displayedf it is, the cursor hardare state may la o be yodated. Whethedisplayed or
not, state created at RealizeCursor time mag tmabe updated. Ageneric ersion, miRecolorCurspmay

be used that does an unrealize, a realize, and possibly a display (in nagunseever this constrains
UnrealizeCursor and RealizeCursor toals return TRJIE as no error indication is returned here.

void pScreen->ConstrainCursor( pSaBox)
ScreenPtr pScr;
BoxPtr pBox;

ConstrainCursor should cause the cursor to restrict its motion to the rectangleQiRaode is capable
of enforcing this constraint by forcefully miag the cursor if it strays out of the rectanglet Gonstrain-
Cursor ofers a vay to send a hint to the der or hardware if such support isvailable. Thiscan preent
the cursor from @&ndering out of the box, then jumping back, as DIX forces it back.

void pScreen->PointerNonInterestBox( pSaox)
ScreenPtr pScr;
BoxPtr pBox;

PointerNonInterestBox is DIX'way of telling the pointing deéce code not to report motiowents while

the cursor is inside agn rectangle on the gén screen. Itis optional and, if not implemented, it should
do nothing. This routine is called only when the client has declared that it is not interested in mvetitn e
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in a gven window. The rectangle you get may be a subset of that windibsaves DIX code the time
required to discard uninteresting mouse motients. Thisis only a hint, which may speed performance.
Nothing in DIX currently calls PointerNoninterestBox.

void pScreen->CursorLimits( pSg@Curs, pHotBox, pdpLeftBox)
ScreenPtr pScr;
CursorPtr pCurs;
BoxPtr pHotBox;
BoxPtr popLeftBox; /*return\alue */

CursorLimits should calculate the box that the cursor hot spoygaqally capable of mang within, as a
function of the screen pSdhe deice-independent cursor pCurs, and a box that Bipothetically would
want the hot spot confined within, pHotBoXhis routine is for informing DIX only; it alters no state
within DDX.

Bool pScreen->SetCursorPosition( pS&wx, havy, generateEgnt)
ScreenPtr pScr;
int newx;
int newy;
Bool generateEent;

SetCursorPosition should artificially mete cursor as though the user hadedrihe pointing déce very
quickly. This is called in response to theakfyPointer request from the client, and at other tinffegenera-
teEvent is Tue, the deice should decide whether or not to call Processinmrnitsy¢) and then it must call
DevicePtr>processinputProc. leffects are, of course, limited imle for absolute pointing diees such
as a tablet.

void NewCurrentScreen(weScreen, X, Y)
ScreenPtr ngScreen;
int x,y;

If your ddx pravides some mechanism for the user to magicallyaritze pointer between multiple screens,
you need to inform DIX when this occursou should call NevCurrentScreen to accomplish this, specify-
ing the n&v screen and the mex and y coordinates of the pointer on that screen.

5.2.6. Visuals, Depths and Pixmap Brmats for Screens
The "depth" of a image is the number of bits that are used pertpidisplay it.

The "bits per pigl" of a pixmap image that is sententhe client byte stream is a number that is either 4, 8,
16, 24 or 32.1t is the number of bits used per eixn Z format. For instance, a pixmap image that has a
depth of six is best sent in Z format as 8 bits peglpix

A "pixmap image format" or a "pixmap format" is a description of the format of a pixmap image as it is
sent @er the byte streamFor each depth ilable on a sermr, there is one and only one pixmap format.
This pixmap image formatgs the bits per pigl and the scanline padding unito(fnstance, are pet

rows padded to bytes, 16-biowds, or 32-bit wrds?)

For each screen, you must decide upon what depth(s) it suppfanisshould only count the nhumber of bits
used for the actual imag&ome displays store additional bits to indicate what winithis pixel is in, hav

close this object is to a vieer, transpareng and other data; do not count these bits.

A "display class" tells whether the display is monochrome or,asl@ther there is a lookup table, and

Porting Layer Definition -27 - April 8, 1994



how the lookup table warks.

A "visual" is a combination of depth, display class, and a descriptiomothieopixel values result in a

color on the screenEach visual has a set of masks arfdat$ that are used to separate &lpm@lue into

its red, green, and blue components and a count of the number of colormap Soimesof these fields

are only meaningful when the class dictatesEBach visual also has a screen ID telling which screen it is
usable on.Note that the depth does not imply the number of map_entries; for instance, a displayeddn ha
bits per pixel but only 254 colormap entries for use by applications (the othebding resered by hard-

ware for the cursor).

Each visual is identified by a 32-bit visual ID which the client uses to choose what visual is desired on a
given window. Clients can be using more than one visual on the same screen at the same time.

The class of a display describeswthis translation taés place.There are three ays to do the translation.

. Pseudo - The p®l value, as a whole, is loeld up in a table of length map_entries to determine the
color to display

. True - The piel value is brokn up into red, green, and blue fields, each of which aredbgg in
separate red, green, and blue lookup tables, each of length map_entries.

. Gray - The piel value is looled up in a table of length map_entries to determine a grelytdedis-
play.

In addition, the lookup table can be static (resulting colors ard for each pigl value) or dynamic

(lookup entries are under control of the client prograntjis leads to a total of six classes:

. Static Gray - The pigl value (of havever mary bits) determines directly thevd of gray that the
pixel assumes.

. Gray Scale - The p#l value is fed through a lookup table to aeré the level of gray to display for
the gven pixel.

. Static Color - The pigl value is fed through a f&d lookup table that yields the color to display for
that pixel.

. PseudoColor - The whole mkvalue is fed through a programmable lookup table that has one color
(including red, green, and blue intensities) for each possibé yaibue, and that color is displayed.

. True Color - Each pid value consists of one or more bits that directly determine each primary color
intensity after being fed through adiktable.

. Direct Color - Each pil value consists of one or more bits for each primary cdtach primary
color value is indvidually looked up in a table for that primary calgrelding an intensity for that
primary color For each piel, the red alue is loolkd up in the red table, the greealue in the green
table, and the bluealue in the blue table.

Here are somexamples:
A simple monochrome 1 bit per @kdisplay is Static Gray

A display that has 2 bits per pixfor a choice between the colors of black, white, green and violet is
Static Color

A display that has three bits per pixwhere each bit turns on of ohe of the red, green or blue
guns, is in the fue Color class.

If you take the last ®ample and scramble the correspondence betweehvpixes and colors it
becomes a Static Color display

A display has 8 bits per pgk The8 hits select one entry out of 256 entries in a lookup table, each

entry consisting of 24 bits (8bits each for red, green, and blt®).display can shoany 256 of 16
million colors on the screen at oncehis is a pseudocolor displayhe client application gets to fill
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the lookup table in this class of display

Imagine the same hardwe from the lasb@mple. Your serer softvare allavs the useron the com-

mand line that starts up the serprogram, to fill the lookup table to his liking once and for all.

From then on, the sezv software would not change the lookup table untilxite. For instance, the
default might be a lookup table with a reasonable sample of colors from throughout the color space.
But the user could specify that the table be filled with 256 steps of gray scale because delde

of time he vould be manipulating a lot of black-and-white scanned photographs anernohary

color things. Clients would be presented with this unchangeable lookup tadtdough the hard-

ware qualifies as a PseudoColor dispthg facade presented to the X client is that this is a Static
Color display

You haveto decide what kind of display youveaa want to pretend you kke. When you initialize
the screen(s), this clasalue must be set in thasvialRec data structure along with other display
characteristics li& the depth and other numbers.

The allavable DepthRes and MisualRecs ae pointed to by fields in the ScreenRa@hese are set
up when InitOutput() is called; you should Xalloc() appropriate blocks or use sigtbles initial-
ized to the correctalues.

5.2.7. Colormapdfor Screens
A colormap is a ddce-independent mapping betweengbivalues and colors displayed on the screen.

Different windevs on the same screen canddfferent colormaps at the same tin#&t any given time,

the most recently installed colormap(s) will be in use in theesexvthat its (their) windes’ colors will be
guaranteed to be corredther windevs may be dfcolor. Although this may seem to be chaotic, in prac-
tice most clients use the @it colormap for the screen.

The deéult colormap for a screen is initialized when the screen is initialitedways remains inxds-
tence and is notvened by ag regular client. It is owned by client O (the seey itself). Many clients will
simply use this deiult colormap for their dweing. Dependingipon the class of the screen, the entries in
this colormap may be modifiable by client applications.

5.2.7.1. ColormapRoutines

You need to implement the follding routines to handle the vlee-dependent aspects of color majgeu

will end up placing pointers to these procedures in your ScreenRec data struciitve(sample seer
implementations of marof these routines are in both cfbcmap.c and mfbcmap.c; since mfb does not do
very much with colorthe cfb \ersions are typically more useful prototypes.

Bool pScreen->CreateColormap(pColormap)
ColormapPtr pColormap;

This routine is called by the DIX CreateColormap routine after it has allocated all the data fov toé ne
ormap and just before it returns to the dispatchés the DDX layers chance to initialize the colormap,
particularly if it is a static mapSee the follwing section for more details on initializing colormafhe
routine returns ALSE if creation &iled, such as due to memory limitatiomdotice that the colormap has a
devPriv field from which you can hangyanolormap specific storage you neesince each colormap

might need special information, we attached the field to the colormap and not the visual.

void pScreen->DestyColormap(pColormap)
ColormapPtr pColormap;
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This routine is called by the DIX FreeColormap routine after it has uninstalled the colormap and notified all
interested parties, and before it has fregdddimhe colormap storagdt is the DDX layers chance to free
ary data it added to the colormap.

void pScreen->InstallColormap(pColormap)
ColormapPtr pColormap;

InstallColormap should fill a lookup table on the screen with which the colormap is associated with the col-
ors in pColormapf there is only one hardave lookup table for the screen, then all colors on the screen
may change simultaneously

In the more general case of multiple haage/lookup tables, this may cause some other colormap to be
uninstalled, meaning that winals that subscribed to the colormap thaswninstalled may end up being
off-color. See the note, belg about uninstalling maps.

void pScreen->UninstallColormap(pColormap)
ColormapPtr pColormap;

UninstallColormap should reme pColormap from screen pColormap->pScre&ome other map, such as
the de&ult map if possible, should be installed in place of pColormap if applicilg€olormap is the
default map, do nothinglf any client has requested ColormapNotifyeats, the DDX layer must notify the
client. (Theroutine WalkTree() is be used to find such wingd TheDIX routines ElIINoMap(), Tell-
NewMap() andTellGainedMap() are praded to be used as the procedure parameteatkvée. These
procedures are in Xseaxr/dix/colormap.c.)

int pScreen->ListinstalledColormaps(pScreen, pCmapList)
ScreenPtr pScreen;
XID *pCmaplList;

ListInstalledColormaps fills the pCMapList in with the resource ids of the installed maps and returns a
count of installed mapsgpCmapList will point to an array of size MaxInstalledMaps thas allocated by
the caller

void pScreen->StoreColors (pmap, ndef, pdefs)
ColormapPtr pmap;
int ndef;
xColorltem *pdefs;

StoreColors changes some of the entries in the colormap prhemumber of entries to change are ndef,
and pdefs points to the information describing what to chaNg¢e that partial changes of entries in the
colormap are allwed. Onlythe colors indicated in the flags field of each xColorltem need to be changed.
However, dl three color fields will be sent with the propedwe for the benefit of screens that may not be
able to set part of a colormaplue. Ifthe screen is a static class, this routine does notfihg.structure

of colormap entries is nontial; see colormapst.h and the definition of xColorltem in Xproto.h for more
details.

void pScreen->ResobColor(pRed, pGreen, pBlue, igval)

unsigned short *pRed, *pGreen, *pBlue;
VisualPtr pVsual;
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Given a requested colpResolheColor returns the nearest color that this haréws capable of displaying
on this visual.In other words, this rounds beach \alue, in place, to the number of bits per primary color
that your screen can usBemember that each screen has one of these roufihedevel of roundof

should be what you euld expect from the &lue you put in the bits_pegly field of the p¥éual.

Each alue is an unsignedalue ranging from 0 to 65535 he bits least ligly to be used are thewest
ones.

For example, if you had a pseudocolor display witly anmber of bits per ped that had a lookup table
supplying 6 bits for each color gun (a total of 256Kedént colors), you wuld round df each \alue to 6
bits. Pleaselon’t simply truncate thesealues to the upper 6 bits, scale the result so that the maximum
value seen by the client will be 65535 for each primdryis males color alues more portable between
different depth displays (a 6-bit truncated white will not look white on an 8-bit display).

5.2.7.2. Initializing a Colormap

When a client requests ameolormap and when the sencreates the datlt colormap, the procedure
CreateColormap in the DIX layer isvisked. Thatprocedure allocates memory for the colormap and
related storage such as the lists of which cligmtsowhich pixels. Itthen sets a bit, BeingCreated, in the
flags field of the ColormapRec and calls the DDX lag/€eateColormap routineThis is your chance to
initialize the colormaplf the colormap is static, which you can tell by looking at the class field, you will
want to fill in each color cell to match the ham@hes notion of the color for that pix If the colormap is

the dedult for the screen, which you can tell by looking at the lablebit in the flags field, you should
allocate BlackPigl and WhitePigl to match thealues you set in the pScreen structyfef course, you
picked those &lues to bgin with.)

You can also wait and use AllocColor() to allocate black&ixand whitePigl after the defult colormap has
been createdlf the defult colormap is static and you initialized it in pScreen->CreateColormap, then use
can use AllocColor afterards to choose pek values with the closesgb values to those desired for black-
Pixel and whitePigl. If the de&ult colormap is dynamic and uninitialized, then tjie values you request

will be obeyed, and AllocColor will agin choose pigl values for you.These piel values can then be

stored into the screen.

There are tw ways to fill in the colormapThe simplest @y is to use the DIX function AllocColor

int AllocColor (pmap, pred, pgreen, pblue, pPix, client)
ColormapPtr pmap;
unsigned short *pred, *pgreen, *pblue;
Pixel *pPix;
int client;

This tales three pointers to 16 bit colalues and a pointer to a suggeste@lpiglue. Thepixel value is
either an inde into one colormap or a combination of three indices depending on the type of lpyayr.
colormap starts out emptsnd you dort deliberately pick the samealue twice, you will akays get your
suggested p&{d. Thetruly nenous could check that thale returned in *pPix is the one AllocColoasv
called with. If you dont care which piel is used, or wuld like them sequentially allocated from entry O,
set *pPix to 0.This will find the first free pigl and use that.

AllocColor will take care of all thebookkeeping and wiltall StoreColors to get the colormagbnalues
initialized. Thehardware colormap will be changed whe&eethis colormap is installed.

If for some reason AllocColor doesiglo what you vant, you can do youmm bookleeping and call Store-
Colors yourself.This is much more ditult and shouldr’be necessary for most diees.

5.2.8. Fonts for Screens

A font is a set of bitmaps that depict the symbols in a characteéeaei. font is for only one typate in a
given dze, in other wrds, just one bitmap for each charactearallel fonts may bevailable in a \ariety of
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sizes and ariations, including "bold" and "italic.X supports fonts for 8-bit and 16-bit character codes (for
oriental languages thatVenore than 256 characters in the forBlyphs are bitmaps for inddual char
acters.

The source comes with some useful font files in an ASCII, plairféemat that should be comprehensible
on a wide ariety of operating systemd.he text format, referred to as BDFIs a dight extension of the cur
rent Adobe 2.1 Bitmap Distriltion Format (Adobe Systems, Inc.).

A short paper in PostScript format is included with the samplessémat defines BDFIt includes helpful
pictures, which is wiit is done in PostScript and is not included in this document.

Your implementation should include some sort of font compiler to read these files and generate binary files
that are directly usable by your servmplementation.The sample seer comes with the source for a font
compiler

It is important the font properties contained in the BDF files are pexbawross anfont compilation. In
particular copyright information cannot be casually tossed aside withgat tamifications. Other proper
ties will be important to some sophisticated applications.

All clients get font information from the sew Therefore, your seer can support gfonts it wants to. It
should probably support at least the fonts supplied with the X11 lageinciple, you can cormrt fonts
from other sources or dream up yowmofonts for use on your sew

5.2.8.1. Prtable Compiled Format

A font compiler is supplied with the sample sgnit has compile-time switches to oant the BDF files
into a portable binary form, called Portable Compiledhfrat or PCF This allavs for an arbitrary data for
mat inside the file, and by describing the details of the format in the header of the/fR€Fafile can be
read by ayp PCF reading clientBy selecting the format which matches the required internal format for
your rendererthe PCF reader carad reformatting the data each time it is readTie font compiler
should be quite portable.

The fonts included with the tape are stored in fonts/Btie font compiler is found in fonts/tools/bdftopcf.

5.2.8.2. Bnt Realization

Each screen configured into the sgrlaas an opportunity at font-load time to "realize" a font into some
internal format if necessaryrhis happenswery time the font is loaded into memory

A font (FontRec in Xserer/include/dixfontsth) is a deice-independent structure containing &ide-inde-
pendent representation of the follhen a font is created, it is "realized" for each scref¢rthis point,

the screen has the chance tovanrnthe font into some other formathe DDX layer can also put informa-
tion in the dePrivate storage.

Bool pScreen->Realizeft(pScr pFont)
ScreenPtr pScr;
FontPtr pfont;

Bool pScreen->Unrealizeft(pScr pFont)
ScreenPtr pScr;
FontPtr pfont;

Realizelont and Unrealizednt should calculate and allocate theseeedata structures and dispose of them

when no longer neededhese are called in response to Omemfand Closednt requests from the client.
The sample seer implementation is in mfbfont.c (which doesry little).
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5.2.9. OtherScreen Routines

You must supply seeral other screen-specific routines for your X selimplementationSome of these
are described in other sections:

. Getlmage() is described in the Driag Primitives ection.

. GetSpans() is described in the Pixblit routine section.

. Seveal windov and pixmap manipulation procedures are described in thd section under
Drawables.

. The CreateGC() routine is described under Graphics €isnte

void pScreen->QueryBestSize(kind, pith, pHeight)
int kind,;
unsigned short *p\idth, *pHeight;
ScreenPtr pScreen,;

QueryBestSize() returns the best sizes for cursors, tiles, and stipples in response to client karpliests.
one of the defined constants CursorShapeShape, or StippleShape (defined in X.Byy CursorShape,
return the maximum width and height for cursors that you can haRdidlileShape and StippleShape,
start with the suggestealues in pVifith and pHeight and modify them in place to be optinafles that
are greater than or equal to the suggesthaeg. Thesample semr implementation is in
Xsener/mfb/mfbmisc.c.

pScreen->SourceMdate(pDravable, x, y width, height)
DrawablePtr pDravable;
int x, y, width, height;

Source\dlidate should be called by Gofrea/CopyPlane primitves when the source drable is not the
same as the destination, and the Soualid&te function pointer in the screen is non-nifllyou knaw that
you will never need Sourcedidate, you canvaid this check.Currently Source\alidate is used by the mi
software cursor code to rem® the cursor from the screen when the source rectamgiiaps the cursor
position. x,ywidth,height describe the source rectangle (sourcevelitat is) for the copoperation.

Bool pScreen->S&Screen(pScreen, on)
ScreenPtr pScreen,;
int on;

SaveScreen() is used for ScreervBasupport (see \AitForSomething()). pScreds the screen to sa

Bool pScreen->CloseScreen(pScreen)
ScreenPtr pScreen;

When the sem®r is reset, it calls this routine for each screen.

Bool pScreen->CreateScreenResources(pScreen)
ScreenPtr pScreen;

If this routine is not NULL, it will be called once per screen peresanitialization/reset after all modules
have had a chance to géster their dePrivates on all structures that support them (see the sectiorvBni-de
vates belav). If you need to create ymesources that kka dynamic dePrivates as part of your screen ini-
tialization, you should do so in this function instead of in the screen init function passed to AddScreen to
guarantee that the resourceséha omplete set of déd°rivates. Thisroutine returns TRE if successful.
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5.3. Drawables

A drawable is a descriptor of a sade that graphics are @m into, either a windw on the screen or a
pixmap in memory

Each dravable has a type, class, ScreenPtr for the screen it is associated with, depth, position, size, and
serial number The type is one of the defined constants RRBLE_PIXMAP, DRAWABLE_WINDOW

and UNDRANABLE_WINDOW. (An undravable windav is used for windav class InputOnly The

serial number is guaranteed to be unique acrosglles, and is used in determining tlaidity of the

clipping information in a GCThe screen selects the set of procedures used to manipulateanatarie
dravable. Positioris used (currently) only by wines; pixmaps must set these fields to 0,0 as this reduces
the amount of conditional codaeeuted throughout the mi cod&ize indicates the actual client-specified
size of the draable. Thereare, in &ct, no other fields that a wingdarawable and pixmap drable hare

in common besides those mentioned here.

Both PixmapRecs and MowRecs are structs that start with avasble and continue on with more fields.
Pixmaps hee cevPrivate pointers which usually point to the pixmap datadould conceiably be used for
arything that DDX vants. Bothwindows and pixmaps va an array of de/Privates unions, one entry of
which will probably be used for DDX specific datantries in this array are allocated using Allocat@fw
dow|Pixmap}Prvatelndex() (see Wrappers andwderivates belw). Thisis done because &fent graphics
hardware has dferent requirements for management; if the graphicsigyalhandled by a processor with
an independent address space, there is no paiimigha pointer to the bit image itself.

The definition of a drable and a pixmap can be found in the file Xeefimclude/pixmapsin. Thedefini-
tion of a windav can be found in the file Xsegv/include/windastr.h.

5.3.1. Pixmaps

A pixmap is a three-dimensional array of bits stored sdmee ofscreen, rather than in the visible portion

of the screeis dsplay frame bffer. It can be used as a source or destination in graphics operafioaise

is no implied interpretation of the gkvalues in a pixmap, because it has no associated visual or colormap.
There is only a depth that indicates the number of significant bits r pibso,there is no implied prsi-

cal size for each pét; all graphic units are in numbers of @iz Thereforea pxmap alone does not con-
stitute a complete image; it represents only a rectangular arrayebi/ives.

Note that the pixmap data structure is reference-counted.

The serer implementation is free to put the pixmap datandrere it sees fit, according to its graphics
hardware setup.Marny implementations will simply ha te data dynamically allocated in the sty
address spaceVore sophisticated implementations may put the data in undisplayed triienetiorage.

In addition to dynamic de°rivates (see the section onviReivates belav), the pixmap data structure has
two fields that are prate to the deice. Althoughyou can use them for githing you vant, the have
intended purposesievKind is intended to be a diee specific indication of the pixmap location (host
memory off-screen, etc.)In the sample seev, since all pixmaps are in memggeKind stores the width
of the pixmap in bitmap scanline unitdevPrivate is probably a pointer to the bits in the pixmap.

A bitmap is a pixmap that is one bit deep.
PixmapPtr pScreen->CreatePixmap(pScreen, width, height, depth)
ScreenPtr pScreen,;

int width, height, depth;

This ScreenRec procedure must create a pixmap of the size requestadt allocate a PixmapRec and
fill in all of the fields. The reference count field must be set tdf width or height are zero, no space
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should be allocated for the pixmap data, and if the implementation is using/heate field as a pointer
to the pixmap data, it should be set to NULE successful, it returns a pointer to thew@xmap; if not, it
returns NULL. See Xserer/mfb/mfbpixmap.c for the sample serimplementation.

Bool pScreen->Desty®ixmap(pPixmap)
PixmapPtr pPixmap;

This ScreenRec procedure must "degt@pixmap. It should decrement the reference count and, if zero, it
must deallocate the PixmapRec and all attacheBrie@te blocks. If successful, it returns TBE. See
Xsener/mfb/mfbpixmap.c for the sample serimplementation.

Bool
pScreen->ModifyPixmapHeader(pPixmap, width, height, depth, bitskRérBaKind, pPixData)
PixmapPtr pPixmap;

int width;

int height;

int depth;

int bitsPerPirl;
int devKind;

pointer pPixData;

This routine taks a pixmap header (the PixmapRec plus all the dynawiRridates) and initializes the

fields of the PixmapRec to the parameters of the same nalPmenap must hae keen created via
pScreen->CreatePixmap with a zero width or heightvtoadaallocating space for the pixmap dafRix-

Data is assumed to be the pixmap data; it will be stored in an implementation-dependent place (usually
pPixmap->dePrivate.ptr). Thisroutine returns THE if successful.See Xsergr/mi/miscrinit.c for the

sample serer implementation.

PixmapPtr
GetScratchPixmapHeader(pScreen, width, height, depth, bitsBeidKind, pPixData)
ScreenPtr pScreen;

int width;

int height;

int depth;

int bitsPerPirl;
int devKind;

pointer pPixData;

void FreeScratchPixmapHeader(pPixmap)
PixmapPtr pPixmap;

DDX should use these tDIX routines when it has auffer of rav image data that it ants to manipulate

as a pixmap temporarjlysually so that some other part of the seran be leeraged to perform some
operation on the datalhe data should be passed in pPixData, and will be stored in an implementation-
dependent place (usually pPixmap-#egvate.ptr). The other fields go into the corresponding PixmapRec
fields. Ifsuccessful, GetScratchPixmapHeader returradid RixmapPtr which can be usedraere the
sener epects a pixmap, else it returns NULIThe pixmap should be released when no longer needed
(usually within the same function that allocated it) with FreeScratchPixmapHeader

5.3.2. Windows

A window is a vsible, or potentially visible, rectangle on the screBihX windowing functions maintain

an internal n-ary tree data structure, which represents the current relationships of the mappesl windo
Windows that are contained in another windare children of that winde and are clipped to the bound-
aries of the parentThe root windev in the tree is the windefor the entire screerSibling windavs
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constitute a doubly-lingd list; the parent windohas a pointer to the head and tail of this liEach child
also has a pointer to its parent.

The border of a winde is dawn by a DDX procedure when DIX requests that it bevdraThecontents
of the windav is dawn by the client through requests to the serv

Window painting is orchestrated through atpese gent system.When a rgion is eposed, DIX gener
ates anpose gent, telling the client to repaint the windand passing the gion that is the minimal area
needed to be repainted.

As a fva to dients, the semmr may retain the output to the hidden parts of wivelm of-screen memory;
this is called "backing store'When a part of such a winddecomes xposed, it can quickly nve pixels

into place instead of triggering arp®se gent and vaiting for a client on the other end of the natkvto
respond. Een if the netwrk response is insignificant, the time to intelligently paint a section of awindo
is usually more than the time to just gaiready-painted sectionsit best, the repainting wolves blank-

ing out the area to a background cplanich will take ebout the same amount of timin this way, back-

ing store can dramatically increase the performance of wimamves.

On the other hand, backing store can be quite compézause all graphics dra to hidden areas must be
intercepted and redirected to thésfreen windw sections. Nobnly can this be complicated for the
sener programmetbut it can also impact windopainting performanceThe backing store implementa-
tion can choose, at gtime, to foget pieces of backing that are written into, relying instead uppose
evants to repaint for simplicity

In X, the decision to use the backing-store scheme is made by you, taeisgiementar X provides

hooks for implementing backing store, therefore the decision to use thigytatebe made on the.fly

For example, you may use backing store only for certain wirgdilat the user requests or you may use
backing store until memory runs out, at which time you start dropping pieces of backing as needed to mak
more room.

When a windw operation is requested by the client, such as a wirisiing created or nwed, a n&v state
is computed.During this transition, DIX informs DDX what rectangles in what wind@re about to
become obscured and what rectangles in what wiad@ave become gposed. Thigprovides a hook for
the implementation of backing stord.DDX is unable to restorexposed rgions, DIX generatesxpose
evants to the clientlt is then the cliens responsibility to paint the winaoparts that werexposed bt not
restored.

If a window is resized, pirls sometimes need to be vad, depending upon the applicatiofibe client can
request "Graity" so that certain blocks of the windare moved as a esult of a resizeFor instance, if the
window has controls or other items thatval/s hang on the edge of the wing@nd that edge is nved as

a result of the resize, then thosegisshould be m@d to avoid having the client repaint itlf the client
needs to repaint it gway, such an operation tals time, so it is desirable for the sarto approximate the
appearance of the windss best it can while &iting for the client to do it perfectlyGravity is used for
that, also.

The windav has sgeral fields used in dwing operations:

. clipList - This region, in conjunction with the client clipgen in the gc, is used to clip outpudli-
pList has the windwe’s dhildren subtracted from it, in addition to pieces of sibling wimslthat @er-
lap this windav. To get the list with the children included (subwingdonode is Includelnferiors), the
routine NotClippedByChildren(pifY) returns the unclipped gen.

. borderClip is the rgion used by CopNindow and includes the area of the winddts children, and
the borderbut with the @erlapping areas of sibling children reweo.

Most of the other fields are for DIX use only
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5.3.2.1. Window Procedures in the SceenRec
You should implement all of the folleing procedures and store pointers to them in the screen record.

The deice-independent portion of the servowns" the winda tree. Havever, dever hardware might

want to knav the relationship of mapped wings. Thereare pointers to procedures in the ScreenRec data
structure that are called tovgithe hardvare a chance to update its internal stdiieese are helpers and

hints to DDX only; thg do not change the windwotree, which is only changed by DIX.

Bool pScreen->CreateMton(pWin)
WindowPtr pWn;

This routine is a hook for when DIX creates a wiwddt should fill in the "Window Procedures in the
WindonvRec" belov and also allocate the derivate block for it.

See Xsergr/mfb/mfbwindav.c for the sample seev implementation.

Bool pScreen->DestydVindow(pWin);
WindowPtr pWn;

This routine is a hook for when DIX desgsoa windav. It should deallocate the dBrivate block for it and
ary other blocks that need to be freed, besides doing other cleanup actions.

See Xserer/mfb/mfbwindav.c for the sample seev implementation.

Bool pScreen->Positionivdowv(pWin, X, y);
WindowPtr pWn;
int x,y;

This routine is a hook for when DIX mes a resizes a windwe. It should do whateer private operations
need to be done when a windcs moved or resized. Br instance, if DDX keps a pixmap tile used for
drawing the background or bordend it keeps the tile rotated such that it is logdvaligned to longard
locations in the frameuifer, then you should rotate your tiles hefehe actual graphicswolved in ma-
ing the pixels on the screen and diag the border are handled by Gdyindow(), belaw.

See Xsergr/mfb/mfbwindav.c for the sample seev implementation.

Bool pScreen->RealizeMtown(pWin);
WindowPtr pWn;

Bool pScreen->UnrealizeMtow(pWin);
WindowPtr pWn;

These routines are hooks for when DIX maps @saksible) and unmaps (nmekirvisible) a windev. It

should do whateer private operations need to be done when these happen, such as allocating or deallocat-
ing structures that are only needed for visible winsloRealizeWwhdow does NO draw the windav bor-

der, background or contents; UnrealizéWow does NO erase the windw or generate xposure eents

for underlying windass; this is takn care of by DIX.DIX does, havever, call PaintWindowBackground()

and RintWindowBorder() to perform some of these.

Bool pScreen->ChangemtowAttributes(pWh, vmask)
WindowPtr pWn;
unsigned long vmask;

ChangeVindowAttributes is called whewer DIX changes windw attributes, such as the size, front-to-
back ordering, title, or atthing of lesser aerity that afects the windw itself. Thesample serer
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implements this routinelt computes accelerators for quickly putting up background and border(&les.
description of the set of routines stored in thed@wvRec.)

int pScreen->¥lidateTee(pRrent, pChildkind)
WindowPtr pRarent, pChild;
VTKind kind;

ValidateTree calculates the clippinggien for the parent windw and all of its children.This routine must
be pravided. The sample sewhas a machine-independeatsion in Xserer/mi/mwvaltree.c. Thids a
very difficult routine to replace.

void pScreen->Pos#lidateTee(pRrent, pChildkind)
WindowPtr pRarent, pChild;
VTKind kind;

If this routine is not NULL, DIX calls it shortly after callingalidate Tee, passing it the samegyaments.
This is useful for managing multi-layered fraraéfbrs. Thesample semr sets this to NULL.

void pScreen->WhdowExposures(p\ii, pReagion, pBSRgion)
WindowPtr pWn;
RegionPtr pRegion;
RegionPtr pBSRgion;

The WindowExposures() routine paints the border and genergpesere gents for the windw. pRegion
is an unoccluded gion of the windw, and pBSRgion is an occluded géon that has backing stor&ince
exposure eents include a rectangle describing whatsveposed, this routine may &t snd back a
series of gposure gents, one for each rectangle of thgiom. Thecount field in the xpose gent is a hint
to the client as to the number ofjiens that are after this on&his routine must be pvaded. The sample
sener has a machine-independeatsion in Xserer/mi/miexpose.c.

void pScreen->ClipNotify (pW, dx, dy)
WindowPtr pWn;
int dx, dy;

Wheneer the cliplist for a windw is changed, this function is called to perform whatéardware manip-
ulations might be necessarwhen called, the clip list and border cligiens in the winde are set to the
new values. dx,dyare the distance that the wivdbas been meed (if at all).

5.3.2.2. Window Painting Procedures

In addition to the procedures listed abahere are four routines which manipulate the actual windo
image directly In the sample seer, mi implementations will wrk for most purposes and mfb/cfb routines
speed up situations, such as solid backgrounds/borders or tiles that are 8, 16 els32)pate.

These three routines are used for systems that implement a backing-store scheme fow itvizekrio
stash way areas of piels and to restore or reposition them.

void pScreen->CleadBackground(pW, x, y, w, h, generateExposures);
WindowPtr pWn;
intx,y, w, h;
Bool generateExposures;

This routine is called on a windan response to a CleasBackground request from the cliefithis
request has tadifferent lut related functions, depending upon generateExposures.
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If generateExposures is true, the client is declaring that ¥lee gictangle on the windois incorrectly
painted and needs to be repaint@&tie sample seer implementation calculates thepesure rgion and
hands it to the DIX procedure HandleExposures(), which calls thdoMExposures() routine, beio for
the windav and all of its child windws.

If generateExposures ial§e, the client is trying to simply erase part of the wintinthe background fill

style. CleardBackground should write the background color or tile to the rectangle in question (probably
using RintWindowBackground). Ifw or h is zero, it clears all the &y to the right or lwver edge of the

window.

The sample seer implementation is in Xsegv/mi/miwindaow.c.

void pScreen->RintWindowBackground(p\Wh, region, kind)
WindowPtr pWn;
RegionPtr region;
intkind;  /* must be PW_BCKGROUND */

void pScreen->BintWindowBorder(pWhn, region, kind)
WindowPtr pWn;
RegionPtr region;
intkind;  /* must be PW_BORDER */

These tw routines are for painting pieces of the windsackground or borderThey both actually paint
the area designated bygien. Thekind parameter is a defined constant thatvisgd PW_BA\CK-
GROUND or PW_BORDER, as sthm. Thereforeyou can use the same routine for botie defined
constant tells the routine whether to use the winddworder fill style or its background fill style to paint
the given regon. Bothfill styles consist of a union which holds a tile pointer and alp&iue, along with
a eparate ariable which indicates which entry ialid. For PW_BORDER, borderIsRek!= 0 indicates
that the border PixUnion contains aglixalue, else a tileFor PW_BACKGROUND there are fouralues,
contained in backgroundState; NonaréhtRelatie, BackgroundPixmap and BackgroundélixNone
indicates that the ggon should be left unfilled, whileaPentRelatie indicates that the background of the
parent is inherited (see the Protocol document forxhetesemantics).

void pScreen->Cop/Nindown(pWin, oldpt, oldRegion);
WindowPtr pWn;
DDXPointRec oldpt;
RegionPtr oldRgion;

CopyWindow is called when a winde is moved, and graphically mees to pixels of a winda on the
screen. Ishould not change gother state within DDX (see Positioriidow(), abwe).

oldpt is the old location of the uppkeft corner oldRegion is the old rgion it is coming from.The nev
location and ne& regon is stored in the WdowRec. oldRgion might modified in place by this routine
(the sample implementation does this).

CopyArea could be usedxeept that this operation has more complicatidfisst of all, you do not ant to
copy a rectangle onto a rectangl&@he original windev may be obscured by other wings, and the ne
window location may be similarly obscure@econd, some harénre supports multiple winge with mul-
tiple depths, and your routine needs teetedre of that.

The pixels in oldRgion (with reference point oldpt) are copied to the wimdgaew regon (pWn->border
Clip). pwin->borderClip is gotten directly from the wingprather than passing it as a parameter

The sample seer implementation is in Xseev/mfb/mfbwindav.c.
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5.3.2.3. Sceen Operations 6r Backing Store

Each ScreenRec has six functions whichvigle the backing store inteide. Br screens not supporting
backing store, these pointers may be rg&gners that implement some backing store scheme must fill in
the procedure pointers for the proceduresvaednd must maintain the backStorage field in each windo
struct. Thesample implementation is in mi/mibstore.c.

void pScreen->SaeDoomedAreas(p\M, pRegion, dx, dy)
WindowPtr pWn;
RegionPtr pRegion;
int dx, dy;

This routine sees the nevly obscured rgion, pRgion, in backing storedx, dy indicate ha far the win-
dow is being maved, useful as the obscuredjien is relatve o the windav as it will appear in the ng
location, rather then relg# o the bits as the are on the screen when the functioudketh

RegionPtr pScreen->RestoreAreas(ip\\pRagion)
WindowPtr pWn;
RegionPtr pRegion;

This looks at thexposed rgion of the windw, pRegion, and tries to restore to the screen the parts that
have keen seed. Itremoves the restored parts from the backing storage (becaugertheav on the
screen) and subtracts the areas from xipesged rgion. Thereturned rgion is the area of the windo
which should hee expose gents generated for and can be eithera regjon, pWn->exposed, or NULL.
The reggion left in pR@ion is set to the area of the windarhich should be painted with the winddack-
ground.

RegionPtr pScreen->anslateBackingStore(pW/ dx, dy oldClip, oldx, oldy)
WindowPtr pWn;
int dx, dy;
RegionPtr oldClip;
int oldx, oldy;

This is called when the windois noved or resized so that the backing store can be translated if necessary
oldClip is the old cliplist for the winde, which is used to s& doomed areas if the windois noved
underneath its parent as a result of bitgya The returned mgion represents occluded areas of the windo

for which the backing store contents anesiial.

void pScreen->ExposeCygfpSrc, pDst, pGC, pnExposed, srcx, sycdstx, dsty plane)
WindowPtr pSrc;
DrawablePtr pDst;
GCPtr pGC;
RegionPtr pgnExposed;
int srcx;
int sroy;
int dstx;
int dsty;
unsigned long plane;

Copies a rgion from the backing store of pSrc to pDst.
RegionPtr pScreen->ClearBackingStore(ipdbw, X, y, w, h, generateExposures)
WindowPtr pWindow;

int x;
inty;
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int w;
int h;
Bool generateExposures;

Clear the gien area of the backing pixmap with the background of the windd generateExposures is
TRUE, generatexposure gents for the area. Note that if the area haspant outside the sad portions of
the windav, we do not allow the count in thexpose gents to be 0, since there will be morgese gents
to come.

void pScreen->DraGuarantee(pWdow, pGC, guarantee)
WindowPtr pWindow;
GCPtr pGC;
int guarantee;

This informs the backing store layer that you are aboudlidate a gc with a windg and that subsequent
output to the windw is (or is not) guaranteed to be already clipped to the visigiene of the winde.

5.3.2.4. Sceen Operations 6r Multi-Lay ered Frameluffers

The following screen functions are useful if yowha fameluffer with multiple sets of independent bit
planes, e.g.\@rlays or underlays in addition to the "main" plands/ou have a $mple single-layer frame-
buffer, you should probably use the n@rgions of these routines in mi/miwindo. Thiscan be easily
accomplished by calling miScreenlnit.

void pScreen->Mark\Widow(pWin)
WindowPtr pWn;

This formerly dix function MarkWidow has maed to ddx and is accessed via this screen functibhnis
function should store something, usually a pointer tovacdalependent structure, in pW>valdata so that
ValidateTree has the information it needs tdidate the winde.

Bool pScreen->MarkQarlappedvihdows(parent, firstChild, ppLayerih)
WindowPtr parent;
WindowPtr firstChild,;
WindowPtr * ppLayerWh;

This formerly dix function MarkWwidow has maed to ddx and is accessed via this screen functiorthe
process, it has gnm another parameter: ppLayen)Mwhich is filled in with a pointer to the winaaat
which sae winder marking and alidateTee should bgin. Inthe single-layered framafier case, pLayer
Win == pWin.

Bool pScreen->Change®#nder(pLayer\in, firstChild)
WindowPtr pLayerWh;
WindowPtr firstChild,;

The dix functions Change@nder and CheckSaUnder hae noved to ddx and are accessed via this
screen functionplLayerWn should be the windereturned in the ppLayerkV parameter of MarkGar-
lappedWhdows. Thefunction may turn on backing store for wivdnthat might be cgred, and may par
tially turn off backing store for windes. Itreturns TRIE if PostChangeSaUnder needs to be called to
finish turning of backing store.

void pScreen->PostChange&ander(pLayer\ih, firstChild)

WindowPtr pLayerWh;
WindowPtr firstChild,;

Porting Layer Definition -41 - April 8, 1994



The dix function DoChange®aUnder has meed to ddx and is accessed via this screen functibinis
function completes the job of turningf dacking store that as started by Change&fnder

void pScreen->MeeWindon(pWin, X, y, pSib, kind)
WindowPtr pWn;
int x;
inty;
WindowPtr pSib;
VTKind kind;

The formerly dix function MeeWindow has maed to ddx and is accessed via this screen functibime
new position of the windw is gven by x,y. kind is VTMove if the windav is anly moving, or VTOther if
the border is also changing.

void pScreen->ResizeMdow(pWin, X, y;, w, h, pSib)
WindowPtr pWn;
int x;
inty;
unsigned int w;
unsigned int h;
WindowPtr pSib;

The formerly dix function SlideAndSizeMdow has mwed to ddx and is accessed via this screen function.
The nev position is gven by x,y. The nev size is gven by w,h.

WindowPtr pScreen->GetLayeridow(pWin)
WindowPtr pWn

This is a ne function which returns a child of the layer parent ofipw

void pScreen->HandleExposures(m)V
WindowPtr pWn;

The formerly dix function HandleExposures hasvetbto ddx and is accessed via this screen function.
This function is called afteralidateTee and uses the information containedalata to sendx@osures to
windows.

void pScreen->Reparentidow(pWin, pPriorRrent)
WindowPtr pWn;
WindowPtr pPriorRrent;

This function will be called when a winadds reparented. Athe time of the call, pWi will already be
spliced into its n& position in the windw tree, and pPriorent is its préous parent.This function can
be NULL.

void pScreen->SetShape(pvy
WindowPtr pWn;

The formerly dix function SetShape hasvembto ddx and is accessed via this screen functibime win-
dow’s rew shape will hae dready been stored in the windavhen this function is called.

void pScreen->ChangeBorderiith(p\Win, width)

WindowPtr pWn;
unsigned int width;
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The formerly dix function ChangeBordeiiith has mued to ddx and is accessed via this screen function.
The nev border width is gien by width.

void pScreen->MarkUnrealizedWtow(pChild, pWn, fromConfigure)
WindowPtr pChild;
WindowPtr pWn;
Bool fromConfigure;

This function is called for windes that are being unrealized as part of an Unreaize TpChilds the
window being unrealized, pWi is an ancestpand the fromConfigurealue is simply propagted from
UnrealizeTee.

5.4. GraphicsContexts and \alidation

This graphics conte (GC) contains stateaviables such as fggeound and background gikvalue (color),
the current line style and width, the current tile or stipple for pattern generation, the current fout for te
generation, and other similar attrtles.

In mary graphics systems, the egdent of the graphics conteand the draable are combined as one
entity. The main distinction between thedwinds of status is that a dvable describes a writing sade
and the writings that may @ dready been done on it, whereas a graphics gbdescribes the dndang
process. Adrawable is like a dhalkboard. AGC is like a pece of chalk.

Unlike mary similar systems, there is no "current pen locatioBvery graphic operation is accompanied
by the coordinates where it is to happen.

The GC also includes twwectors of procedure pointers, the first operate on the GC itself and are called GC
funcs. Thesecond, called GC ops, contains the functions that carry out the fundamental graphic operations
such as dmaing lines, polygons, arcs,xe and coging bitmaps. The DDX graphic softare can, if it

wants to be smart, change these wectors of procedure pointers to ¢akivantage of hardare/firmware

in the serer machine, which can do a better job under certain circumstancesduce the amount of

memory consumed by each GC, it is wise to createvdbieilerplate” GC opseactors which can be shared

by every GC which matches the constraints for that #dso, it is usually reasonable toveaerery GC cre-

ated by a particular module to share a common set of GC f@araples of this sort of sharing can be seen

in cfb/cfbgc.c and mfb/mfbgc.c.

The DDX softvare is notified antime the client (or DIX) uses a changed G&x instance, if the hard-
ware has special support for driag fixed-width fonts, DDX can intercept changes to the current font in a
GC just before draing is done.It can plug into either a fed-width procedure that me& the hardare

draw characters, or aariable-width procedure that carefully lays out glyphs by hand in adtvdepend-

ing upon the ne font that is selected.

A definition of these structures can be found in the file X3énclude/gcstruct.h.

Also included in each GC is an array o¥/Bevates which portions of the DDX can use foyaaason.
Entries in this array are allocated with AllocateGE&&eInde() (see Wrappers and aies belav).

The DIX routines wailable for manipulating GCs are CreateGC, ChangeGCyG@p SetClipRects, Set-
Dashes, and FreeGC.

GCPtr CreateGC(pDveable, mask, pal, pStatus)
DrawablePtr pDravable;
BITS32 mask;
XID *pval;
int *pStatus;
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int ChangeGC(pGC, mask, @y
GCPtr pGC;
BITS32 mask;
XID *pval;

int CopyGC(pgcSrc, pgeDst, mask)
GCPtr pgcSrc;
GCPtr pgcDst;
BITS32 mask;

int SetClipRects(pGC, xOrigin, yOrigin, nrects, prects, ordering)
GCPtr pGC;
int xOrigin, yOrigin;
int nrects;
xRectangle *prects;
int ordering;

SetDashes(pGC, fskt, ndash, pdash)
GCPtr pGC;
unsigned dket;
unsigned ndash;
unsigned char *pdash;

int FreeGC(pGC, gid)
GCPtr pGC;
GContet gid;

As a corenience, each Screen structure contains an array of GCs that are preallocated, one at each depth
the screen support3.hese are particularly useful in the mi codevo DIX routines must be used to get
these GCs:

GCPtr GetScratchGC(depth, pScreen)
int depth;
ScreenPtr pScreen;

FreeScratchGC(pGC)
GCPtr pGC;

Always use these tvroutines, dort’'try to extract the scratch GC yourself -- someone else might be using
it, SO a n&v one must be created on the fly

If you need a GC for aery long time, say until the sawis restarted, you should notéatne from the
pool used by GetScratchGQyttshould get yourwen using CreateGC or CreateScratchGis leares the
ones in the pool free for routines that only need it for a little while and dant to pay a heg cost to get
it.

GCPtr CreateScratchGC(pScreen, depth)
ScreenPtr pScreen;
int depth;

NULL is returned if the GC cannot be creatdthe GC returned can be freed with FreeScratchGC.
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5.4.1. Detailsof operation

At screen initialization, a screen must supply a GC creation proce8iuf@C creation, the screen must fill
in GC funcs and GC opsetors (Xsergr/include/gcstruct.h). df ary particular GC, the funceactor must
remain constant, while the opator may ary. This invariant is to ensure that Wrappersnk correctly

When a client request is processed that results in a change to the G@jadkeéndiependent state of the
GC is updatedThis includes a record of the state that chan@éw:n the ChangeGC GC func is called.
This is useful for graphics subsystems that are able to process state changes in parallel widr bEderv
DDX may opt not to tad any action at GC-modify time.This is more dicient if multiple GC-modify
requests occur between diausing a gien GC.

Validation occurs at the first dreoperation that specifies the GC after that G&3 wodified.DIX calls

then the dlidateGC GC funcDDX should then update its internal stai2DX internal state may be
stored as one or more of the fellog: 1)device private block on the GC; 2) harcse state; 3) changes to
the GC ops.

The GC contains a serial numpehich is loaded with a number fetched from the wimdoat was dravn
into the last time the GCag used.The serial number in the dvable is changed when the drable’s di-
pList or absCorner change$hus, by comparing the GC serial number with thevelbée serial number
DIX can force a glidate if the dravable has been changed since the last tima# used with this GC.

In addition, the dnaable serial number isabys guaranteed to tia the most significant bit set to 0hus,

the DDX layer can set the most significant bit of the serial number to 1 in a GC to falmasevthe ne

time the GC is usedDIX also uses this technique to indicate that a change has been made to the GC by
way of a SetGC, a SetDashes or a SetClip request.

5.4.2. GCHandling Routines
The ScreenRec data structure has a pointer for CreateGC().

Bool pScreen->CreateGC(pGC)
GCPtr pGC;
This routine must fill in the fields of a dynamically allocated GC that is passéiddioes NO alocate the
GC record itself or fill in the datilts; DIX does that.

This must fill in both the GC funcs and ops; none of thevidigafunctions will be called before the GC has
been walidated, ot the others (dealing with allocating of cligiens, changing and desying the GC, etc.)
might be.
The GC funcs &ctor contains pointers to 7 routines and\&Pdeate field:
pGC->funcs->ChangeGC(pGC, changes)
GCPtr pGC;

unsigned long changes;

This GC func is called immediately after a field in the GC is changeanges is a bit mask indicating the
changed fields of the GC in this request.

The ChangeGC routine is useful if yowha gstem where state-changes to the GC can bdmsved
immediately by your graphics system, andaidate is not necessary

pGC->funcs->¥lidateGC(pGC, changes, prga
GCPtr pGC;
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unsigned long changes;
DrawablePtr pDrav;

ValidateGC is called by DIX just before the GC will be used when one of passible changes to the GC
or the graphics system has happenédan modify a dePrivates field of the GC or its contents, change the
op \ector or change hardare according to thealues in the GCIt may not change the diee-independent
portion of the GC itself.

In almost all cases, yourlidateGC() procedure should &ake ragions that draing needs to be clipped

to and combine them into a composite cligioa, which you kep a pointer to in the pete part of the GC.
In this way, your draving primitive routines (and whater is below them) can easily determine what to clip
and where.You should combine the ggons clientClip (the rgion that the client desires to clip output to)
and the rgion returned by NotClippedByChildren(), in DDAn example is in Xserer/mfb/mfbgc.c.

Some kinds ofxension softare may cause this routine to be called more than originally intended; you
should not rely on algorithms that will break under such circumstances.

See the Stragges document for more information on credyii using this routine.

pGC->funcs->CopGC(pGCSrc, mask, pGCDst)
GCPtr pGCSrec;
unsigned long mask;
GCPtr pGCDst;

This routine is called by DIX when a GC is being copied to anotherT®6. is for situations where
dynamically allocated chunks of memory are hangiig @C devPrivates field which need to be trans-
ferred to the destination GC.

pGC->funcs->DestygGC(pGC)
GCPtr pGC;

This routine is called before the GC is degta for the entity interested in this GC to clean up after itself.
This routine is responsible for freeingyaauxiliary storage allocated.

5.4.3. GCClip Region Routines

The GC clientClip field requires three procedures to managdénése procedures are in the GC funes-v
tor. The underlying principle is that dix kes nothing about the internals of the clipping information,
(except when it has come from the client), and so calls ddX wieenteneeds to cop set, or destrg such
information. Itcould hae been possible for dix not to alloddX to touch the field in the GC, and require
it to keep its wn copy in devPriv, but since clip masks can bery lage, this seems léka kad idea. Thus,
the serer allovs ddX to do whateer it wants to the clientClip field of the GQutrequires it to do all
manipulation itself.

void pGC->funcs->ChangeClip(pGC, type,ailMe, nrects)
GCPtr pGC;
int type;
char *p\alue;
int nrects;

This routine is called whewer the client changes the client climien. ThepGC points to the GC

involved, the type tells what form thegien has been sent inf type is CT_NONE, then there is no client
clip. If type is CT_UNSORED, CT_YBANDED or CT_YXBANDED, then p\alue pointer to a list of
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rectangles, nrects londf type is CT_REGION, then plue pointer to a RgonRec from the mi gion

code. Iftype is CT_PIXMAP p¥lue is a pointer to a pixmagThe defines for CT_NONE, etc. are in
Xsener/include/gc.h.) Thisoutine is responsible for incrementingyarecessary reference counts (e.g. for
a pxmap clip mask) for the meclipmask and freeing aathing that used to be in the GQlipMask field.

The lists of rectangles passed in can be freed with Xfree(),dlmnsecan be destyed with the RgionDe-
stroy field in the screen, and pixmaps can be dgstrdy calling the screenDestrg/Pixmap function.

DIX and MI code gpect what thg pass in to this to be freed or otherwise inaccessible, and wéi heok
inside whats been put in the GCThis is a good place to beaw of storage leaks.

In the sample seey, this routine transforms either the bitmap or the rectangle list inlgi@nteso that
future routines will hee a nore predictable starting point taovk from. (The \alidate routine must tak
this client clip rgion and mege it with other rgions to arsie & a composite clip rgion before ay draw-
ing is done.)

void pGC->funcs->DestyClip(pGC)
GCPtr pGC;

This routine is called whewer the client clip rgion must be destyed. ThepGC points to the GC
involved. Thiscall should set the cligype field of the GC to CT_NONHnN the sample seev, the pointer
to the client clip rgion is set to NULL by this routine after desfirng the rgion, so that other softwe
(including ChangeClip() alwe) will recognize that there is no client clipgien.

void pGC->funcs->CopClip(pgcDst, pgcSrc)
GCPtr pgcDst, pgcSrec;

This routine ma&s a cop of the clipMask and clipfpe from pgcSrc into pgcDstt is responsible for
destrging ary previous clipMask in pgcDstThe clip mask in the source can be the same as the clip mask
in the dst (clients do the strangest things), so care mustdreudien destgang things. This call is

required because dix does not wniwow to copy the clip mask from pgcSrc.

5.5. Drawing Primiti ves

The X protocol (rules for the byte stream that goes between client aed) <ygs all graphics using primi-
tive gperations, which are called Qvang Primitives. Theseénclude line draving, area filling, arcs, andxe
drawing. Your implementation must supply 16 routines to perform these on yourdrard{l henumber

16 is arbitrary)

More specifically16 procedure pointers are in each GC epter At any gven time, ALL of them MUST

point to a alid procedure that attempts to do the operation assigned, although the procedure pointers may
change and may point to féifent procedures to carry out the same opera#losimple serer will leave

them all pointing to the same 16 routines, while a more optimized implementation will switch each from
one procedure to anothelepending upon what is most optimal for the current GC arwiabite.

The sample seer contains a considerable chunk of code called the mi (machine independent) routines,
which sere & drawing primitive routines. Mag server implementations will be able to use these as-is,
because thework for arbitrary depthsThey make no assumptions about the formats of pixmaps and
frame luffers, since thecall a set of routines kmn as the "Pixblit Routines" (seexteection). They do
assume that theay to drav is through these lo-level routines that apply pet values ravs at a time.If

your hardvare or firmvare gies more performance when things are donéedéntly you will want to tale

this fact into account andweite some or all of the dwdng primitives to fit your needs.
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5.5.1. GCComponents

This section describes the fields in the GC tHacakach dnaing primitive. The only primitize that is not
affected is Getlmage, which does not use a GC because its destination is a protocol-style bBimcage.
each dreving primitive mirrors exactly the X protocol request of the same name, you should refer to the X
protocol specification document for more details.

ALL of these routines MUST CLIP to the appropriatgioas in the dnaable. Sincehere are man
regions to clip to simultaneouslyour ValidateGC routine should combine these into a unified djipmne
to which your dreving routines can quickly refefThis is exactly what the cfb and mfb routines supplied
with the sample seer do. The mi implementation passes responsibility for clipping whilgviirg.dowvn

to the Pixblit routines.

Also, all of them must adhere to the current plane mékle plane mask has one bit fwesy bit plane in
the dravable; only planes with 1 bits in the mask areetied by ay drawing operation.

All functions ecept for Image@xt calls must obg the alu function.This is usually Cop but could be ay
of the allavable 16 rastepps.

All of the functions, rcept for CogArea, might use the current fgrund and background gkvalues.
Each piel value is 32 bits.These correspond to fgeund and background colorsitlyou hae o run
them through the colormap to find out what color thelpialues representDo not worry about the color
just apply the pigl value.

The routines that dvalines (PolyLine, PolySgment, PolyRect, and PolyArc) use the line width, line style,
cap style, and join styleline width is in pixels. Theline style specifies whether it is solid or dashed, and
what kind of dash.The cap style specifies whether Rounded, Butt, Bte join style specifies whether
joins between joined lines are Mit&ound or Beeled. Wherlines cross as part of the same polylineythe
are assumed to be @m once. (See the X protocol specification for more details.)

Zero-width lines are NDmeant to be really zero width; this is the clisay of telling you that you can
optimize line draving with little regard to the end caps and joinShey are called "thin" lines and are
meant to be one pgkwide. These are frequently done in haade or in a streamlined assembly language
routine.

Lines with widths greater than zero, though, must all bemrith the same algorithm, because client
software assumes thatery jag on @ery line at an angle will come at the same plateo lines that

should hae me pixel in the space between them (because of their distance apart and their widths) should
have sich a one-pigl line of space between them if dig regardless of angle.

The solid area fill routines (FillPolygon, PolyFillRect, PolyFillArc) all use the fill rule, which specifies sub-
tle interpretations of what points are inside and what are outside \wrapglygon. ThePolyFillArc rou-
tine also uses the arc mode, which specifies whether to fill gneesets or single-edge slices of an ellipse.

The line draving, area fill, and Poly@x routines must all apply the correct "fill styleThis can be either a
solid foreground coloya transparent stipple, an opaque stipple, or a Slgpples are bitmaps where the 1
bits represent that the famund color is written, and 0 bits represent that either the isiteft alone
(transparent) or that the background color is written (opagiiéi)e is a pixmap of the full depth of the
GC that is applied in its full glory to all areaBhe stipple and tile patterns can bg egctangular size,
although some implementations will keester for certain sizes such as 8x8 or 32XB2e mi implementa-
tion passes this responsibilitywdio to the Pixblit routines.

See the X protocol document for full detailBhe description of the CreateGC request hasrna good,
detailed description of these attrtbs.
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5.5.2. ThePrimiti ves
The Draving Primitives ae as follavs:

RegionPtr pGC->ops->Cofrea(src, dst, pGC, srcx, syav, h, dstx, dsty)
DrawablePtr dst, src;
GCPtr pGC;
int srcx, sry, w, h dstx, dsty;

CopyArea copies a rectangle of pis from one draable to another of the same depffo dfect scrolling,
this must be able to cggrom ary drawable to itself, erlapped. Nosqueezing or stretching is done
because the source and destination are the same-&izever, everything is still clipped to the clip
regions of the destination drable.

If pGC->graphicsExposures isuk, ary portions of the destination which were nalid in the source
(either occluded by eering windaws, or outside the bounds of thewdahle) should be collected together
and returned as agien (if this resultant igion is emptyNULL can be returned insteadfrurthermore, the
invalid bits of the source are not copied to the destination and (when the destination isva)\aiedidled
with the background tileThe sample routine miHandleExposures generates the appropriate adtgrn v
and fills the inalid area using pScreen-atWindovBackground.

For instance, imagine a windathat is partially obscured by other wivd®in front of it. As text is

scrolled on your winde, the pidels that are scrolled out from under obscuring wivelwill not be aail-
able on the screen to gpfo the right places, and so axpesure gent must be sent for the client to eor
rectly repaint themOf course, if you implement some sort of backing store, you could do this without
resorting to Rposure eents.

An example implementation is mfbCp@rea() in Xserer/mfb/mfbbitblt.c.

RegionPtr pGC->ops->CofPlane(src, dst, pGC, srcx, grav, h, dstx, dsty plane)
DrawablePtr dst, src;
GCPtr pGC;
int srcx, srg, w, h dstx, dsty;
unsigned long plane;

CopyPlane must cgpone plane of a rectangle from the sourcevdide onto the destination dvable.
Because this routine only copies one bit out of eaosl,gixcan cop between dravables of diferent
depths. Thiss the only vay of copying between draables of diferent depths,»&ept for coging bitmaps
to pixmaps and applying fageound and background colors to &ll other conditions of CopArea apply
to CopyPlane too.

An example implementation is mfbCgBlane() in Xsergr/mfb/mfbbitblt.c.

void pGC->ops->PolyPoint(dst, pGC, mode, n, pPoint)
DrawablePtr dst;
GCPtr pGC;
int mode;
int n;
DDXPointPtr pPoint;

PolyPoint dravs a set of one-péet dots (forground color) at the locationsvgh in the array mode is one

of the defined constants Origin (absolute coordinates) oidRe(each coordinate is relatio the last).
Note that this does not use the background colortfilas or stipples.
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Example implementations are mfbPolyPoint() in Xsewmfb/mfbpolypnt.c and miPolyPoint in
Xsener/mi/mipolypnt.c.

void pGC->ops->Polylines(dst, pGC, mode, n, pPoint)
DrawablePtr dst;
GCPtr pGC;
int mode;
int n;
DDXPointPtr pPoint;

Similar to PolyPoint, Polylines dnss lines between the locationsgi in the array Zero-width lines are
NOT meant to be really zero width; this is the clienay of telling you that you can maximally optimize
line draving with little regard to the end caps and joinsiode is one of the defined constants/ues or
Origin, depending upon whether the points are eachwelatthe last or are absolute.

Example implementations are midféLine() and miVileDash() in mi/miwideline.c and miZeroLine() in
mi/mizerline.c.

void pGC->ops->PolySgment(dst, pGC, n, pPoint)
DrawablePtr dst;
GCPtr pGC;
int n;
xSgment *pSgments;

PolySgments drars unconnected lines between pairs of points in the array; the array musvbe sfes
no interconnecting lines are dr.

An example implementation is miPoly&§aent() in mipolysg.c.

void pGC->ops->PolyRectangle(dst, pGC, n, pRect)
DrawablePtr dst;
GCPtr pGC;
int n;
xRectangle *pRect;

PolyRectangle dras outlines of rectangles for each rectangle in the array
An example implementation is miPolyRectangle() in Xssfmi/mipolyrect.c.

void pGC->ops->PolyArc(dst, pGC, n, pArc)
DrawablePtr dst;
GCPtr pGC;
int n;
XArc*pArc;

PolyArc dravs connected conic arcs according to the descriptions in the &vaythe protocol specifica-
tion for more details.

Example implementations are miZeroPolyArc in Xsefmi/mizerarc. and miPolyArc() in
Xsener/mi/miarc.c.

void pGC->ops->FillPolygon(dst, pGC, shape, mode, count, pPoint)

DrawablePtr dst;
GCPtr pGC;
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int shape;
int mode;
int count;
DDXPointPtr pPoint;

FillPolygon fills a polygon specified by the points in the array with the appropriate fill Htylecessary
an tra border line is assumed between the starting and ending Tiheshape can be used as a hint to
optimize filling; it indicates whether it is ceex @ll interior angles less than 180), noneex (some inte-
rior angles greater than 18Qtkborder does not cross itself), or comylleorder crosses itself)Y¥ou can
choose appropriate algorithms or haade/based upon modenode is one of the defined constants/Pre
ous or Origin, depending upon whether the points are eaclvedtathe last or are absolute.

An example implementation is miFillPolygon() in Xsenimi/mipoly.c.

void pGC->ops->PolyFillRect(dst, pGC, n, pRect)
DrawablePtr dst;
GCPtr pGC;
int n;
xRectangle *pRect;

PolyFillRect fills multiple rectangles.

Example implementations are mfbPolyFillRect() in Xeemfb/mfbfillrct.c and miPolyFillRect() in
Xsener/mi/mifillrct.c.

void pGC->ops->PolyFillArc(dst, pGC, n, pArc)
DrawablePtr dst;
GCPtr pGC;
int n;
XArc *pArc;

PolyFillArc fills a shape for each arc in the list that is bounded by the arc and oreelimetagments with
the current fill style.

An example implementation is miPolyFillArc() in Xsewmi/mifillarc.c.

void pGC->ops->Putimage(dst, pGC, depth, xwyh, leftPad, format, pBinlmage)
DrawablePtr dst;
GCPtr pGC;
intx,y, w, h;
int format;
char *pBinlmage;

Putimage copies a pixmap image into themdide. Thepixmap image must be in X protocol format
(either Bitmap, XYPixmap, or ZPixmap), and format tells the fornf@ee the X protocol specification for
details on these formatsYou must be able to accept all three formats, because the client gets to decide
which format to sendEither the drevable and the pixmap imageveate same depth, or the source
pixmap image must be a Bitmalf.a Bitmap, the forground and background colors will be applied to the
destination.

An example implementation is miPutimage() in Xsen‘mfb/mibitblt.c.

void pScreen->Getlmage(src, x,w; h, format, planeMask, pBinimage)
DrawablePtr src;
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intx,y,w, h;

unsigned int format;
unsigned long planeMask;
char *pBinlmage;

Getlmage copies the bits from the sourcevdlde into the destination pointefhe bits are written into the
buffer according to the seewdefined pixmap padding rulepBinimage is guaranteed to be big enough to
hold all the bits that must be written.

This routine does not correspondetly to the X protocol Getimage request, since DIX has to break the
reply up into loffers of a size requested by the transport lajfdiormat is ZPixmap, the bits are written in

the ZFormat for the depth of the drable; if there is a O bit in the planeMask for a particular plane, all pix-
els must hee the bit in that plane equal to If. format is XYPixmap, planemask is guaranteed teeha

single bit set; the bits should be written in Bitmap format, which is the format for a single plane of an XYP-
ixmap.

An example implementation is miGetlmage() in Xsami/mibitblt.c.

void pGC->ops->Imagedxt8(pDrav, pGC, X, y count, chars)
DrawablePtr pDrav;
GCPtr pGC;
int x,y;
int count;
char *chars;

Image®xt8 draws text. Thetext is dravn in the forground color; the background color fills the remainder
of the character rectangle¥he coordinates specify the baseline and start of fhe te

An example implementation is milmageX8() in Xsener/mi/mipolytet.c.

int pGC->ops->Poly@&xt8(pDraw, pGC, X, y count, chars)
DrawablePtr pDrav;
GCPtr pGC;
intx,y;
int count;
char *chars;

PolyText8 works like Image®xt8, except it dravs with the current fill style for speciaffe€ts such as
shaded tet. Seethe X protocol specification for more details.

An example implementation is miPolg®8() in Xsener/mi/mipolytext.c.

int pGC->ops->Poly&xt16(pDrav, pGC, X, ¥ count, chars)
DrawablePtr pDrav;
GCPtr pGC;
int x,y;
int count;
unsigned short *chars;

void pGC->ops->Imagedxt16(pDrav, pGC, X, y count, chars)
DrawablePtr pDrav;
GCPtr pGC;
int x,y;
int count;
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unsigned short *chars;

These tw routines are the same as the "8fsions, rcept that the are for 16-bit character codes (useful
for oriental writing systems).

The primary diference is in the ay the character information is laedk up. The 8-bit and the 16-biter
sions obiously hare dfferent kinds of charactealues to look up; the main goal of the lookup is to pro-
vide a pointer to the CharlInfo structs for the characters o @hd to pass these pointers to the Glyph rou-
tines. Gven a Charlnfo struct, laver-level software can dna the glyph desired with little concern for other
characteristics of the font.

16-bit character fonts ke a pw-and-column scheme, where the 2bytes of the character code constitute the
row and column in a square matrix of Charinfo strudEsich font has m and column minimum and maxi-
mum \alues; the Charlnfo structures form atdimensional matrix.

Example implementations are miPobx16() and milmagedxt16() in Xsener/mi/mipolytext.c.

See the X protocol specification for more details on these graphic operations.

There is a hook in the GC ops, called LineHelffeat used to be used in the sample implementation by the
code for wide lineslt no longer serers ay purpose in the sample sersg, lut still exists, #ifdefed by
NEED_LINEHELPER, in case someone needs it.

5.6. Pixblit Procedures

The Draving Primitive functions must be defined for your servOne possible &y to do this is to use the
mi routines from the sample serv If you choose to use the mi routinegefepart of them!) you must
implement these Pixblit routine3.hese routines read and write g@lixalues and deal directly with the
image data.

The Pixblit routines for the sample senare part of the "mfb" routines (for Monochrome Framdds)f
and "cfb" routines (for Color Frame Baf). Aswith the mi routines, the mfb and cfb routines are portable
but are not as portable as the mi routines.

The mfb routines only ark for monochrome frameuffers, the simplest type of displajurthermore, thg
only work for screens that ganize their bits in rars of pixels on the screenSee the Stratges document
for more details on porting mfp Thecfb routines werk for pacled-pixel displays from 2 to 32 bits in
depth, although thehavea hit of code which has been tuned to run on 8-bit (lgber byte) displays.

In other words, if you hae a ‘hormal” frame bffer type displayyou can probably use either the mfb or cfb
code, and the mi codéf you have a sranger hardare, you will hae © supply your avn Pixblit routines,

but you can use the mi routines on top of thdfmyou harve ketter ways of doing some of the Dwang
Primitive functions, then you mayamt to supply some of youmnm Drawing Primitive routines. (Een
people who write theirwn Draving Primitives saveat least some of the mi code for certain special cases
that their hardware or library ordng/ algorithm does not handle.)

The client, DIX, and the machine-independent routines do not carry the final responsibility of clipping.
They al depend upon the Pixblit routines to do their clipping for thihe rule is, if you touch the frame
buffer, you clip.

(The higher legel routines may decide to clip at a highék but this is only for increased performance and
cannot substitute for bottomwvid clipping. For instance, the mi routines, DIX, or the client may decide to
check all character strings to bewraand chop dfall characters that auld not be displayedif so, it

must retain the character on the edge that is partly displayed so that the Pixblit routines chprelip of
cisely at the right place.)
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To make this easierdl of the reasons to clip can be combined into og@rein your \alidateGC proce-
dure. You tale this composite clip igion with you into the Pixblit routineqThe sample seer does this.)

Also, FillSpans() has to apply tile and stipple patteffise patterns are all aligned to the windarigin so
that when tw people write patches that are contiguousy thil merge nicely (Really, they are aligned to
the patOg point in the GC.This defults to (0, 0) bt can be set by the client toydining.)

However, the mi routines can translate (relocate) the points from wirrdtative o screen-relatie if

desired. Ifyou set the miflanslate field in the GC (set it in the CreateGCaliddteGC routine), then the
mi output routines will translate all coordinatdsit is false, then the coordinates will be passed wirdo
relative. Screens with no hardave translation will probably set méinslate to TRE, so that geometry
(e.g. polygons, rectangles) can be translated, rather thanghhe resulting list of scanlines translated; this
is good because the listrtices in a draing request will generally be much smaller than the list of scan-
lines it producesSimilarly, hardware that does translation can set raiBlate to ALSE, and &oid the

extra addition per ertex, which can be (it is not alvays) important for getting the highest possible perfor
mance. (Contrashe behwaior of GetSpans, which is noxgected to be called as often, and so hdsrelif
ent constraints.)JThe miTranslate field is settable in each GC, if , fieample, you are mixing seral kinds
of destinations (décreen pixmaps, main memory pixmaps, backing store, and wingdall of which hae
different requirements, on one screen.

As with other dreving routines, there are fields in the GC to direct higher code to the correct routine to
execute for each functionln this way, you can optimize for special cases, feample, draving solids er-
sus draving stipples.

The Pixblit routines are brek up into three setd he Span routines simply fill inwe of pixels. The
Glyph routines fill in character glyph3.he PushPigls routine is a three-input bitblt for more sophisticated
image creation.

It turns out that the Glyph and Pushé&tscroutines actually lva a nachine-independent implementation
that depends upon the Span routinégou are really pressed for time, you can use thesgions,
although thg are quite slov.

5.6.1. SparRoutines

For these routines, all graphic operationsénkeen reduced to "spansA span is a horizontal v of pix-
els. Ifyou can design these routines which write into and read fraus @bpixels at a time, you can use
the mi routines.

Each routine tads a destination dnable to drav into, a GC to use while dréng, the number of spans to
do, and tw pointers to arrays that indicate the list of starting points and the list of widths of spans.

void pGC->ops->FillSpans(dst, pGC, nSpans, pPointddth4] sorted)
DrawablePtr dst;
GCPtr pGC;
int nSpans;
DDXPointPtr pPoints;
int *pWidths;
int sorted;

FillSpans should fill horizontal ves of pixels with the appropriate patterns, stipples, etc., based oalthe v
ues in the GCThe starting points are in the array at pPoints; the widths areiithdV If sorted is true,

the scan lines are in increasing y ordemhich case you may be able to maksumptions and optimiza-
tions.
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GC components: alu, clip@rclientClip, and fillStyle.

GC mode-dependent components: fgP{for fillStyle Solid); tile, patQy (for fillStyle Tile); stipple,
patOg, fgPixel (for fillStyle Stipple); and stipple, pat@rfgPixel and bgPigl (for fillStyle OpaqueStipple).

void pGC->ops->SetSpans(pbvable, pGC, pSrc, ppt, p\iths, nSpans, sorted)
DrawablePtr pDravable;
GCPtr pGC;
char *pSrc;
DDXPointPtr pPoints;
int *pWidths;
int nSpans;
int sorted;

For each span, this routine should ggpwVidths bits from pSrc to pDwable at pPoints using the rastgp
from the GC.If sorted is true, the scan lines are in increasing y orflee pixels in pSrc are padded
according to the screenpadding rules.These can be used to support interestkigresion libraries, for
example, shaded primites. Itdoes not use the tile and stipple.

GC components: alu, clip@rand clientClip

The abee functions arexpected to handle all modifiers in the current G@erefore, it is ®pedient to
have dfferent routines to quickly handle common special cases and reload the procedure poialiers at v
date time, as with the other output functions.

void pScreen->GetSpans(prable, wMax, pPoints, pWiths, nSpans)
DrawablePtr pDravable;
int wMax;
DDXPointPtr pPoints;
int *pWidths;
int nSpans;
char *pDst;

For each span, GetSpans gets bits from thevdoée starting at pPoints and continuing for iptlis bits.
Each scanline returned will be sergcanline paddedThe routine can return NULL if memory cannot be
allocated to hold the result.

GetSpans ner translates -- for a windg the coordinates are already screen-nsdatConsider the case of
hardware that doeshtlo translation: the mi code that calls ddX will translate each shape (rectangle, poly-
gon,. etc.) before scan-ocgnting it, which requires manfewer additions that héng GetSpans translate

each span doe<Lonversely, consider hardare that does translate: it can set its translation point to (0, 0)

and get each span, and the only penalty is the small number of additions required to translate each shape
being scan-corerted by the calling codeContrast the beli#r of FillSpans and SetSpans (discussed

above inder miTranslate), which arexpected to be used more often.

Thus, the penalty to harcne that does hardwe translation is mgigible, and code thatawts to call

GetSpans() is greatly simplified, both fotensions and the machine-independent core implementation.

5.6.1.1. GlyphRoutines
The Glyph routines draindividual character glyphs forxedraving requests.

You havea choice in implementing these routin€gou can use the miersions; the depend ultimately
upon the span routineg\lthough text drawing will work, it will be very slaw.
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void pGC->ops->PolyGlyphBlt(pDraable, pGC, x, ynglyph, ppci, pglyphBase)
DrawablePtr pDravable;
GCPtr pGC;
intx,y;
unsigned int nglyph;
CharlinfoRec **ppci; /* array of character info */
pointer unused,; /* unused since R5 */

GC components: alu, clip@rclientClip, font, and fillStyle.

GC mode-dependent components: fgP{for fillStyle Solid); tile, patQy (for fillStyle Tile); stipple,
patOg, fgPixel (for fillStyle Stipple); and stipple, pat@rfgPixel and bgPigl (for fillStyle OpaqueStipple).

void pGC->ops->ImageGlyphBlt(pDvable, pGC, x, ynglyph, ppci, pglyphBase)
DrawablePtr pDravable;
GCPtr pGC;
intx,y;
unsigned int nglyph;
CharinfoRec **ppci; /* array of character info */
pointer unused,; /* unused since R5 */

GC components: clip@r clientClip, font, fgPirl, bgPiel

These routines must cpghe glyphs defined by the bitmaps in pglyphBase and the font metrics in ppci to
the DravablePtr pDrawable. Thepoly routine follavs all fill, stipple, and tile rulesThe image routine
simply blasts the glyph onto the glyph&ctangle, in forground and background colors.

More preciselythe Image routine fills the character rectangle with the background aadathen the
glyph is applied in the foggound color The glyph canxdend outside of the character rectandhaageG-
lyph() is used for terminal emulators and informat fgurposes such asitton labels.

The eact specification for the Poly routine is that the glyph is painted with the current fill Stybechar
acter rectangle is irrelant for this operationPolyText, at a higher ke, includes &cilities for font
changes within strings and such; it is to be used for WY SIWY@& wrocessing and similar systems.

Both of these routines must clip themssito the weerall clipping region.

Example implementations in mi are miPolyGlyphBIt() and milmageGlyphBiIt() in Xs&ni/miglblt.c.

5.6.1.2. PushPixelsoutine

The PushPigls routine writes the current fill style onto thevesiale in a certain shape defined by a bitmap.
PushPiels is equialent to using a second stippl¥ou can thing of it as pushing the fillStyle through a
stencil. PushPgls is not used by grof the mi rendering codepbis used by the mi sofeawe cursor code.

Suppose the stencil is: 00111100
and the stipple is: 10101010
PushPiels result: 00101000

You havea choice in implementing this routiné/ou can use the miersion which depends ultimately upon
FillSpans(). Althought will w ork, it will be slaw.

void pGC->ops->PushPets(pGC, pBitMap, pDmaable, dx, dyxOrg, yOmg)
GCPtr pGC;
PixmapPtr pBitMap;
DrawablePtr pDravable;
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int dx, dy xOrg, yOg;

GC components: alu, clip@rclientClip, and fillStyle.

GC mode-dependent components: fgP{for fillStyle Solid); tile, patQy (for fillStyle Tile); stipple,
patOg, fgPixel (for fillStyle Stipple); and stipple, pat@rfgPixel and bgPigl (for fillStyle OpaqueStipple).

PushPiels applys the foground colortile, or stipple from the pGC through a stencil onto pitze.
pBitMap points to a stencil (of which we use an area dx wide by dy high), which is origatdékdeodrav-

able at xOg, yOig. Wherethere is a 1 bit in the bitmap, the destination is set according to the current fill
style. Wherdhere is a 0 bit in the bitmap, the destination is left thg ivis.

This routine must clip to theverall clipping region.

An Example implementation is miPush@lix() in Xserer/mi/mipushpxl.c.

5.7. Shutdavn Procedures

void AbortDDX()
void ddxGiveUp()

Some hardare may require specialork to be done before the serits so that it is not left in an inter
mediate stateAs explained in the OS laygFatalError() will call AbortDDX() just before terminating the
sener. In addition, ddxGveUp() will be called just before terminating the saren a "clean" deathwhat
AbortDDX() and ddxGreUP do is left unspecified, only that stubs mudgstan the ddx layerltis up to
local implementors as to what thehould accomplish before termination.

5.7.1. CommandLine Procedures

int ddxProcessAyument(agc, agy, i)
int agc;
char *agv[];
int i;

void
ddxUseMsg()

You should write these routines to deal withvide-dependent command lineggaments. Theoutine ddx-
ProcessAgument() is called with the command line, and the currenkiimde agv; you should return zero

if the agument is not a déce-dependent one, and otherwise return a count of the number of elements of
amgv that are part of this onegarment. Br a typical option (e.g., "-realtime"), you should return thiee

one. Thisroutine gets called before checks are madénatydeice-independent guments, so it is possi-

ble to peek at all guments or towerride device-independent gument processingyou can document the
device-dependent guments in ddxUseMsg(), which will be called from UseMsg() after printing out the
device-independent guments.
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5.8. Wrappersand devPrivates

Two new extensibility concepts hee keen deeloped for release 4, Wrappers andRiévates. These
replace the R3 GClinterest queues, which were not a general enough mechanisny &atenaions and
only provided hooks into a single data structure.

5.8.1. dePrivates

devPrivates are arrays ofalues attached tavious data structures (Screens, GCsidé¥vs, and Pixmaps
currently). Thesarrays are sized dynamically at sargtartup (and reset) time amious modules allocate
portions of them.They can be used for grpurpose; each array entry is actually a unionjUéon, of
common useful types (pointéong and unsigned longdevPrivates must be allocated on startup and
wheneer the serer resets.To make this easierthe global ariable "sererGeneration” is incremented each
time de/Privates should be allocated)tbefore the initialization processdies, typical usage euld be:
static int prvateGeneration = 0;

if (privateGeneration != seerGeneration)

{

allocate dePrivates here.

privateGeneration = seevGeneration;

}

5.8.1.1. Sceen dePrivates

An index into every screen dePrivates array is allocated with

int AllocateScreenPvatelnde()
This call can occur at griime, each xisting de/Privates array is resized to accommodate thve ergry.
This routine returns -1 indicating an allocatiafidre. Otherwisethe return @lue can be used to indthe
array of dePrivates on ay screen:

private = (PrvatePointer) pScreen->dBrivates[screenPvateInde].ptr;
The pointer in each screen is not initialized by AllocateScreesi®mdex().

5.8.1.2. Window devPrivates

An index into every window devPrivates array is allocated with
int AllocateWindowPrivatelndex ()
AllocateWindowPrivatelnde() never returns an errorThis call must be associated with a call which
causes a chunk of memory to be automatically allocated and attached teRtestieentry on eery
screen which the module will need to use thexnde
Bool AllocateWndowPrivate (pScreen, inde amount)
ScreenPtr pScreen;
int index;
unsigned amount;
If this space is not alays needed fornery object, use 0 as the amouih. this case, the pointer field of the
entry in the dePrivates array is initialized to NULLThis call ists so that DIX may preallocate all of the
space required for an object with one call; this reduces memory fragmentation consid&itabate\Win-
dowPrivate returns BLSE on allocationdilure. Bothof these calls must occur beforeyamindow struc-
tures are allocated; the servus careful toeoid window creation until all modules are initialized,tdo
not call this after initialization A typical allocation sequence forildowPrivates would be:
privatelnitialize (pScreen)
ScreenPtr pScreen;

{

if (privateGeneration != seerGeneration)

{

windowPrivatelnde = AllocateWndowPrivatelnde();
privateGeneration = seevGeneration;
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}

return (AllocateVihdowPrivate(pScreen, windePrivatelnde,
sizeof(windavPrivateStructure)));

}

5.8.1.3. GCand Pixmap de/Privates

The calls for GCs and Pixmaps mirror théndéw calls eactly; they havethe same requirements and limi-

tations:
int AllocateGCPwatelnde ()

Bool AllocateGCPrate (pScreen, inde amount)
ScreenPtr pScreen;
int index;
unsigned amount;

int AllocatePixmapPruiatelnde ()

Bool AllocatePixmapPvate (pScreen, inde amount)
ScreenPtr pScreen;
int index;
unsigned amount;

5.8.2. Wrappers

Wrappers are not a body of code, nor an iat&fspec.They are, instead, a technique for hooking avne
module into ansasting calling sequencelhere are limitations on other portions of the semnplementa-
tion which male using wrappers possible; limits on when specific fields of data structures may be modified.
They are intended as a replacement for GClnterest queues, which were not general enough tax&tpport e
ing modules; in particular sofawe cursors and backing store both needed more comwérdhe actvity.
The general mechanism for using wrappers is:
privateWrapperFunction (object, ...)

ObjectPtr  object;
{

pre-wrapped-function-stfif..

object->functionéctor = (wid *) object->de&Privates[privateInde].ptr;
(*object->function\éctor) (object, ...);

/*

* this net line is occasionally required by the rulevgoing
*wrapper functions Always using it will not cause problems.

* Not using it when necessary can causersetroubles.

*

object->d@Privates[privatelnde].ptr = (pointer) object->functior&ttor;
object->function¥éctor = prvateWrapperFunction;

post-wrapped-function-stif..

}

privatelnitialize (object)
ObjectPtr  object;
{

object->d@Privates[privatelnde].ptr = (pointer) object->functior&ttor;
object->functionéctor = prvateWrapperFunction;
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Thus the prateWrapperFunction prades hooks for performing avk both before and after the wrapped
function has been called; the process of resetting the funetitos called "unwrapping” while the pro-
cess of fetching the wrapped function and replacing it with the wrapping function is called "wrapping".
should be clear that GCinterest queues could be emulated using wrdppggaeral, apfunction \ectors
contained in objects can be wrappedt, dnly vectors in GCs and Screenyédeen tested.

Wrapping screen functions is quite easy; eattor is indvidually wrapped.Screen functions are not sup-
posed to change after initialization, sarapping is technically not necessamit causes no problems.

Wrapping GC functions is a bit more complicat€C’s havetwo sts of function ectors, one hanging
from gc->ops and the other from gc->fund&rappers should modify only thoselues, not the internal
values as thegmay be shared by more than one GC (and, in the case of funcs, are probably shared by all
gcs). D wrap the ops, wrap the funcs and, in each func wrapperap the ops and funcs, calvdn and
re-wrap. Ineach op wrappeunwrap both the funcs and ops, callwfoand revrap aftervards. Theule is:
if you wrap funcs+ops, you mustaays unwrap both before dm calling. If you wrap ops, you must
always pull the ops alue out of the GC in the func wrapper andesa If you wrap funcs, you needngull
the funcs alue out of the GC to weap as the funcalues are required to be constalmt this way, the
wrapped alidation routine can change the agctor and not hee it lost when your wrapper routine
rewraps the GC.This occurs when the wrapped opd@alates the GC with e entries (mag mi routines
do this for opaque stipples or double dash@&se corollary to this rule isNever change the funcector
after CreateGC.

5.9. Work Queue

To queue vork for execution when all clients are in a stable state (just before calling select() in &it-
ForSomething), call:
Bool QueueWrkProc(function,client,closure)

Bool (*function)();
ClientPtr  client;
pointer closure;

When the semr is about to suspend itself, theagi function will be e&ecuted:
(*function) (client, closure)

Neither client nor closure are actually used inside thek\wueue routines.

6. Extensioninterfaces
This section describes the functions whigfsein DDX for extension writers to use.

6.1. Extensioninitialization
This function should be called from yowtensionInitProc which should be called by InitExtensions.

ExtensionEntry *AddExtension(name, Nungggs,NumErrors,
MainProc, SwppedMainProc, CloseRmProc, MinorOpcodeProc)

char *name;/*Null terminate string; case matters*/

int NumEwents;

int NumErrors;

int (* MainProc)(ClientPtr);/*Called if client matches senorder*/

int (* SwappedMainProc)(ClientPtr);/*Called if client tifs from serer*/
void (* CloseDavnProc)(ExtensionEntry *);

unsigned short (*MinorOpcodeProc)(ClientPtr);

name is the name used by clients to refer toxtension. NumEents is the number ofent types used
by the etension, NumErrors is the number of error codes needed bytdresiomn. MainProds called
whenever a dient accesses the major opcode assigned taxtkaston. SwappedMainProc is identical,
except the client using thedension has rersed byte-se CloseDavnProc is called at segv reset time to
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deallocate anprivate storage used by thetension. MinorOpcodePras used by DIX to place the appro-
priate \alue into errors.The DIX routine StandardMinorOpcode can be used here whiel thk minor
opcode from the normal place in the request (i.e. just after the major opcode).

6.2. Resouce type allocation.

These functions should also be called from yottersionInitProc to allocate all of thanous resource
classes and types required for tlkeeasion. Eachime the serer resets, these types must be reallocated as
the old allocations will hae keen discardedResource types are iger \alues starting at 1Get a resource
type by calling

RESTYPE CreateNeResourceype(deleteFunc)
deleteFunc will be called to desyrdl resources with this type.

Resource classes are masks starting at 1 << 31 which can be or'edywika@mnce type to pride
attributes for the typeTo dlocate a ne class bit, call

RESTYPE CreateNeResourceClass()

There are tw ways of looking up resources, by type or by cla@ksses are norkelusive sibsets of the
space of all resources, so you can lookup the union of multiple clgg@sANY is the union of all
classes).

Note that the appropriate class bits must be or’ed intoate veturned by CreateiNBesourcef¥pe when
calling resource lookup functions.

If you need to create gfivate” resource ID for internal use, you can cak&ClientID.

XID FakeClientID(client)
int client;

This allocates from ID space resedvfor the serer.
To associate a resourcelue with an ID, use AddResource.

Bool AddResource(id, typealue)
XID id;
RESTYPE type;
pointer \alue;

The type should be the full type of the resource, includigglass bits. If AddResourcedils to allocate
memory to store the resource, it will call the deleteFunc for the type, and then edtgrn F

To free a resource, use one of the folltg.

void FreeResource(id, skipDeleteFugpe€)
XID id;
RESTYPE skipDeleteFungpe;

void FreeResourceBype(id, type, skipFree)
XID id;
RESTYPE type;
Bool skipFree;

FreeResource frees all resources matching trea @i, regardless of

type; the types celeteFunc will be called on each matching resource,
except that skipDeleteFungpe can be set to a single type for which
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the deleteFunc should not be called (otherwise pasSiRNE).
FreeResourceBype frees a specific resource matchingvargid
and type; if skipFree is true, then the deleteFunc is not called.

To look up a resource, use one of the follg.

pointer LookuplDByVpe(id, rtype)
XID id;
RESTYPE rtype;

pointer LookuplDByClass(id, classes)
XID id;
RESTYPE classes;

LookupIDByType finds a resource with thesgn id and exact type. LookuplDByClass finds a resource
with the gizen id whose type is included in amne of the specified classes.

6.3. Macros and Other Helpers

There are a number of macros in Xggfinclude/dix.h which are useful to thetension writer Ones of
particular interest are: RER(EST, REQUEST_SIZE_ MACH, REQJEST_AI_LEAST_SIZE,
REQUEST_FIXED_SIZE, LEGAL_NEW_RESOURCE, LOOKUP_DRABLE, VERIFY_GC, and
VALIDATE_DRANABLE_AND_GC. Useful byte sapping macros can be found in
Xsener/include/misc.h: Isapl, Iswaps, LengthRestB, LengthRestS, LengthRestla[iRestS, SapRestL,
swapl, svaps, cpswapl, and cpsaps.
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7. Callback Manager

To stisfy a graving number of requests for the introduction of ad hoc notification style hooks in tke serv
a generic callback manageraw introduced in R6A callback list object can be introduced for eactv ne
hook that is desired, and other modules in theesaran rgister interest in the mecallback list. The fol-
lowing functions support these operations.

Before getting bogged dm in the inter&ce details, an typical usageaeple should establish the frame-
work. Let's look at the ClientStateCallback in dix/dispatchltie purpose of this particular callback is to
notify intereseted parties when a clisrdate (initial, running, gone) changeshe callback is "created" in
this case by simply declaring anable:

CallbackListPtr ClientStateCallback;

Wheneer the clients date changes, the follong code appears, which notifies all intereseted parties of the
change:

if (ClientStateCallback) CallCallbacks(&ClientStateCallback, (pointer)client);

Interested parties subscribe to the ClientStateCallback list by saying:
AddCallback(&ClientStateCallback, func, data);

When CallCallbacks is ioked on the list, func will be called thusly:
(*func)(&ClientStateCallback, data, client)

Now for the details.

Bool CreateCallbackList(pcbl, cbfuncs)
CallbackListPtr *pchbl;
CallbackFuncsPtr cbfuncs;

CreateCallbackList creates a callback Idte envision that this function will be rarely used because the
callback list is created automatically (if it doasaifeady &ist) when the first call to AddCallback is made
on the list. The only reason taxglicitly create the callback list with this function is if yoamt to oerride
the implementation of some of the other operations on the list by passingmouabfuncs. You dso lose
something by plicit creation: you introduce an order depengetiuring serer startup because the list
must be created beforeyamodules subscribe to iReturns TRIE if successful.

Bool AddCallback(pchl, callback, subscriber_data)
CallbackListPtr *pcbl;
CallbackProcPtr callback;
pointer subscriber_data;

Adds the (callback, subscriber_data) pair to thvergcallback list. Creates the callback list if it doesn’
exist. ReturnsTRUE if successful.

Bool DeleteCallback(pcbl, callback, subscriber_data)
CallbackListPtr *pcbl;
CallbackProcPtr callback;
pointer subscriber_data;

Remaues the (callback, data) pair to thevgn callback list if presentReturns TRIE if (callback, data) as
found.
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void CallCallbacks(pchl, call_data)
CallbackListPtr *pcbl;
pointer call_data;
For each callback currently gistered on the gen callback list, call it as follas:
(*callback)(pcbl, subscriber_data, call_data);
void DeleteCallbackList(pcbl)
CallbackListPtr *pcbl;

Destrgys the gven callback list.
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8. Summaryof Routines

This is a summary of the routines discussed in this docuriiéiet procedure names are in alphabetical
order The Struct is the structure it is attached to; if blank, this procedure is not attached to a struct and
must be named as sho. Thesample semr provides implementations in the folling catgories. Notice
that may of the graphics routines @ both mi and mfb implementations.

dix portableto all systems; do not attempt tawrie (Xsener/dix)

0s routineprovided in Xserer/os or Xsergr/include/os.h

ddx framebuffer dependent gamples in Xsermr/mfb,Xserer/cfb)
mi routineprovided in Xserer/mi

hd hardvare dependentxXamples in may Xsener/hw directories)

none noimplemented in sample implementation

Procedure Port Struct
ALLOCATE_LOCAL 0s
AbortDDX hd
AddCallback dix
AddEnabledDeice 0s
AddInputDevice dix
AddScreen dix
Bell hd Device
ChangeClip mi GC func
ChangeGC GQunc
ChangeVihdowAttributes ddx Screen
ClearoBackground ddx Window
ClientAuthorized 0s
ClientSignal dix
ClientSleep dix
ClientWakeup dix
ClipNotify ddx Screen
CloseScreen hd
ConstrainCursor hd Screen
CopyArea mi GCop
CopyGCDest ddx GC func
CopyGCSource none GC func
CopyPlane mi GCop
CopyWindow ddx Window
CreateGC ddx Screen
CreateCallbackList dix
CreatePixmap ddx Screen
CreateScreenResources ddx Screen
CreateVeélIKnowSoclets 0S
CreateVihdow ddx Screen
CursorLimits hd Screen
DEALLOCATE_LOCAL 0s
DeleteCallback dix
DeleteCallbackList dix
Destrg/Clip ddx GC func
DestroyGC ddx GC func
Destrg/Pixmap ddx Screen
DestroyWindow ddx Screen
DisplayCursor hd Screen
Error 0s
ErrorF 0s
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Procedure

FatalError

FillPolygon

FillSpans
FlushAllOutput
FlushlIfCriticalOutputPending
FreeScratchPixmapHeader
Getlmage
GetMotionEents
GetScratchPixmapHeader
GetSpans
GetStaticColormap
ImageGlyphBIt
ImageBxt16

ImageExt8

Initinput

InitK eyboardDeiceStruct
InitOutput
InitPointerDeviceStruct
InsertFakeRequest
InstallColormap
Intersect

Inverse

LegdModifier
LineHelper
ListInstalledColormaps
LookupKeyboardDeice
LookupPointerDeice
ModifyPixmapheader
NextAvailableClient
Osilnit
PantWindowBackground
PantwindowBorder
PointerNonInterestBox
PointinRegjion

PolyArc

PolyFillArc

PolyFillRect
PolyGlyphBIt

Polylines

PolyPoint
PolyRectangle
PolySgment

PolyText16

PolyText8
PositionWndow
ProcessinputEnts
PushPiels

Putimage
QueryBestSize
ReadRequestFromClient
RealizeCursor
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0s
mi
ddx
0s
0s
dix
mi
hd
dix
ddx
ddx
mi
mi
mi
hd
dix
hd
dix
0s
ddx
mi
mi
hd
mi
ddx
dix
dix
mi
dix
0s
mi
mi
hd
mi
mi
mi
mi
mi
mi
mi
mi
mi
mi
mi
ddx
hd
mi
mi
hd
0s
hd

Struct

GC op
GCop

Screen
Device

Screen
Screen
GCop
GCop
GCop

Screen
Screen
Screen

GCop
Screen

Screen

Window
Window
Screen
Screen
GCop
GCop
GCop
GCop
GCop
GCop
GCop
GCop
GCop
GCop
Screen

GCop
GCop
Screen

Screen
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Procedure

Realize®nt
RealizeWhdow
RecolorCursor
Rectin
RegionCopy
RegionCreate
RegionDestry
RegionEmpty
RegionExtents
RegionNotEmpty
RegionReset
ResolheColor

RegisterkeyboardDeice
RegisterPointerDeice
RemaweEnabledDeice
ResetCurrentRequest

RestoreAreas
SavreDoomedAreas
SaveScreen

SetCriticalOutputPending

SetCursorPosition
SetinputCheck
SetSpans
StoreColors
Subtract

TimeSinceLastinputEnt
TranslateBackingStore

TranslateRgion
UninstallColormap
Union
UnrealizeCursor
Unrealizeont
UnrealizeWhdow
ValidateGC
ValidateTree
WaitForSomething
WindovExposures
WriteToClient
Xalloc

Xfree

Xrealloc
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ddx
ddx
hd
mi
mi
mi
mi
mi
mi
mi
mi
ddx
dix
dix
0s
0s
none
none
ddx
0s
hd
dix
ddx
ddx
mi
hd
none
mi
ddx
mi
hd
ddx
ddx
ddx
mi
0s
mi
0s
0s
0s
0s
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Struct

Screen
Screen
Screen
Screen
Screen
Screen
Screen
Screen
Screen
Screen
Screen
Screen

BackingStore
BackingStore
Screen

Screen

GCop
Screen
Screen

BackingStore
Screen
Screen
Screen
Screen
Screen
Screen

GC func
Screen

Window
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