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1 In tro duction

The Double Bu�er Extension (DBE) pro vides a standard w a y to utilize

double-bu�ering within the framew ork of the X Windo w System.

Double-bu�ering uses t w o bu�ers, called fron t and bac k, whic h hold images.

The fron t bu�er is visible to the user; the bac k bu�er is not. Successiv e

frames of an animation are rendered in to the bac k bu�er while the previously

rendered frame is displa y ed in the fron t bu�er. When a new frame is ready ,

the bac k and fron t bu�ers sw ap roles, making the new frame visible. Ideally ,

this exc hange app ears to happ en instan taneously to the user and with no

visual artifacts. Th us, only completely rendered images are presen ted to the

user, and they remain visible during the en tire time it tak es to render a new

frame. The result is a 
ic k er-free animation.

2 Goals

This extension should enable clien ts to:

� Allo cate and deallo cate double-bu�ering for a windo w.

� Dra w to and read from the fron t and bac k bu�ers asso ciated with a

windo w.

� Sw ap the fron t and bac k bu�ers asso ciated with a windo w.

� Sp ecify a wide range of actions to b e tak en when a windo w is sw app ed.

This includes explicit, simple sw ap actions (de�ned b elo w), and more

complex actions (for example, clearing ancillary bu�ers) that can b e put

together within explicit \b egin" and \end" requests (de�ned b elo w).

� Request that the fron t and bac k bu�ers asso ciated with m ultiple

double-bu�ered windo ws b e sw app ed sim ultaneously .

In addition, the extension should:

� Allo w m ultiple clien ts to use double-bu�ering on the same windo w.

� Supp ort a range of implemen tation metho ds that can capitalize on

existing hardw are features.

� Add no new ev en t t yp es.

� Be reasonably easy to in tegrate with a v ariet y of direct graphics

hardw are access (DGHA) arc hitectures.
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3 Concepts

Normal windo ws are created using the core CreateWindow request, whic h

allo cates a set of windo w attributes and, for InputOutput windo ws, a fron t

bu�er, in to whic h an image can b e dra wn. The con ten ts of this bu�er will b e

displa y ed when the windo w is visible.

This extension enables applications to use double-bu�ering with a windo w.

This in v olv es creating a second bu�er, called a bac k bu�er, and asso ciating

one or more bac k bu�er names (XID s) with the windo w for use when referring

to (that is, dra wing to or reading from) the windo w's bac k bu�er. The bac k

bu�er name is a DRA W ABLE of t yp e BA CKBUFFER .

DBE pro vides a relativ e double-bu�ering mo del. One XID, the windo w,

alw a ys refers to the fron t bu�er. One or more other XIDs, the bac k bu�er

names, alw a ys refer to the bac k bu�er. After a bu�er sw ap, the windo w

con tin ues to refer to the (new) fron t bu�er, and the bac k bu�er name

con tin ues to refer to the (new) bac k bu�er. Th us, applications and to olkits

that w an t to just render to the bac k bu�er alw a ys use the bac k bu�er name

for all dra wing requests to the windo w. P ortions of an application that w an t

to render to the fron t bu�er alw a ys use the windo w XID for all dra wing

requests to the windo w.

Multiple clien ts and to olkits can all use double-bu�ering on the same windo w.

DBE do es not pro vide a request for querying whether a windo w has

double-bu�ering supp ort, and if so, what the bac k bu�er name is. Giv en the

async hronous nature of the X Windo w System, this w ould cause race

conditions. Instead, DBE allo ws m ultiple bac k bu�er names to exist for the

same windo w; they all refer to the same ph ysical bac k bu�er. The �rst time a

bac k bu�er name is allo cated for a windo w, the windo w b ecomes

double-bu�ered and the bac k bu�er name is asso ciated with the windo w.

Subsequen tly , the windo w already is a double-bu�ered windo w, and nothing

ab out the windo w c hanges when a new bac k bu�er name is allo cated, except

that the new bac k bu�er name is asso ciated with the windo w. The windo w

remains double-bu�ered un til either the windo w is destro y ed or un til all of the

bac k bu�er names for the windo w are deallo cated.

In general, b oth the fron t and bac k bu�ers are treated the same. In

particular, here are some imp ortan t c haracteristics:

� Only one bu�er p er windo w can b e visible at a time (the fron t bu�er).

� Both bu�ers asso ciated with a windo w ha v e the same visual t yp e, depth,

width, heigh t, and shap e as the windo w.

� Both bu�ers asso ciated with a windo w are \visible" (or \obscured") in
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the same w a y . When an Expose ev en t is generated for a windo w, b oth

bu�ers should b e considered to b e damaged in the exp osed area.

Damage that o ccurs to either bu�er will result in an Expose ev en t on

the windo w. When a double-bu�ered windo w is exp osed, b oth bu�ers

are tiled with the windo w bac kground, exactly as stated b y the core

proto col. Ev en though the bac k bu�er is not visible, terms suc h as

obscure apply to the bac k bu�er as w ell as to the fron t bu�er.

� It is acceptable at an y time to pass a BA CKBUFFER in an y request,

notably an y core or extension dra wing request, that exp ects a

DRA W ABLE. This enables an application to dra w directly in to

BA CKBUFFER s in the same fashion as it w ould dra w in to an y other

DRA W ABLE.

� It is an error ( Window ) to pass a BA CKBUFFER in a core request that

exp ects a Windo w.

� A BA CKBUFFER will nev er b e sen t b y core X in a reply , ev en t, or

error where a Windo w is sp eci�ed.

� If core X11 bac king-store and sa v e-under applies to a double-bu�ered

windo w, it applies to b oth bu�ers equally .

� If the core ClearArea request is executed on a double-bu�ered windo w,

the same area in b oth the fron t and bac k bu�ers is cleared.

The e�ect of passing a windo w to a request that accepts a DRA W ABLE is

unc hanged b y this extension. The windo w and fron t bu�er are synonomous

with eac h other. This includes ob eying the GetImage seman tics and the

sub windo w-mo de seman tics if a core graphics con text is in v olv ed. Regardless

of whether the windo w w as explicitly passed in a GetImage request, or

implicitly referenced (that is, one of the windo w's ancestors w as passed in the

request), the fron t (that is, visible) bu�er is alw a ys referenced. Th us,

DBE-na • �v e screen dump clien ts will alw a ys get the fron t bu�er. GetImage on

a bac k bu�er returns unde�ned image con ten ts for an y obscured regions of the

bac k bu�er that fall within the image.

Dra wing to a bac k bu�er alw a ys uses the clip region that w ould b e used to

dra w to the fron t bu�er with a GC sub windo w-mo de of ClipByChildren . If

an ancestor of a double-bu�ered windo w is dra wn to with a core GC ha ving a

sub windo w-mo de of IncludeInferiors , the e�ect on the double-bu�ered

windo w's bac k bu�er dep ends on the depth of the double-bu�ered windo w

and the ancestor. If the depths are the same, the con ten ts of the bac k bu�er

of the double-bu�ered windo w are not c hanged. If the depths are di�eren t,

the con ten ts of the bac k bu�er of the double-bu�ered windo w are unde�ned

for the pixels that the IncludeInferiors dra wing touc hed.
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DBE adds no new ev en ts. DBE do es not extend the seman tics of an y existing

ev en ts with the exception of adding a new DRA W ABLE t yp e called

BA CKBUFFER . If ev en ts, replies, or errors that con tain a DRA W ABLE (for

example, GraphicsExpose ) are generated in resp onse to a request, the

DRA W ABLE returned will b e the one sp eci�ed in the request.

DBE adv ertises whic h visuals supp ort double-bu�ering.

DBE do es not include an y timing or sync hronization facilities. Applications

that need suc h facilities (for example, to main tain a constan t frame rate)

should in v estigate the Sync hronization Extension, an X Consortium standard.3.1 Window Management Operations
The basic philosoph y of DBE is that b oth bu�ers are treated the same b y core

X windo w managemen t op erations.

When the core DestroyWindow is executed on a double-bu�ered windo w, b oth

bu�ers asso ciated with the windo w are destro y ed, and all bac k bu�er names

asso ciated with the windo w are freed.

If the core ConfigureWindow request c hanges the size of a windo w, b oth

bu�ers assume the new size. If the windo w's size increases, the e�ect on the

bu�ers dep ends on whether the implemen tation honors bit gra vit y for bu�ers.

If bit gra vit y is implemen ted, then the con ten ts of b oth bu�ers are mo v ed in

accordance with the windo w's bit gra vit y (see the core ConfigureWindow

request), and the remaining areas are tiled with the windo w bac kground. If

bit gra vit y is not implemen ted, then the en tire unobscured region of b oth

bu�ers is tiled with the windo w bac kground. In either case, Expose ev en ts are

generated for the region that is tiled with the windo w bac kground.

If the core GetGeometry request is executed on a BA CKBUFFER, the

returned x, y , and b order-width will b e zero.

If the Shap e extension ShapeRectangles , ShapeMask , ShapeCombine , or

ShapeOffset request is executed on a double-bu�ered windo w, b oth bu�ers

are reshap ed to matc h the new windo w shap e. The region di�erence is the

follo wing: D = newshape � oldshape
It is tiled with the windo w bac kground in b oth bu�ers, and Expose ev en ts are

generated for D.
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DBE has no explicit kno wledge of ancillary bu�ers (for example, depth bu�ers

or alpha bu�ers), and only has a limited set of de�ned sw ap actions. Some

applications ma y need a ric her set of sw ap actions than DBE pro vides. Some

DBE implemen tations ha v e kno wledge of ancillary bu�ers, and/or can pro vide

a ric h set of sw ap actions. Instead of con tin ually extending DBE to increase

its set of sw ap actions, DBE pro vides a 
exible \idiom" mec hanism. If an

application's needs are serv ed b y the de�ned sw ap actions, it should use them;

otherwise, it should use the follo wing metho d of expressing a complex sw ap

action as an idiom. F ollo wing this p olicy will ensure the b est p ossible

p erformance across a wide v ariet y of implemen tations.

As suggested b y the term \idiom," a complex sw ap action should b e expressed

as a group/series of requests. T ak en together, this group of requests ma y b e

com bined in to an atomic op eration b y the implemen tation, in order to

maximize p erformance. The set of idioms actually recognized for optimization

is implemen tation dep enden t. T o help with idiom expression and

in terpretation, an idiom m ust b e surrounded b y t w o proto col requests:

DBEBeginIdiom and DBEEndIdiom . Unless this b egin-end pair surrounds the

idiom, it ma y not b e recognized b y a giv en implemen tation, and p erformance

will su�er.

F or example, if an application w an ts to sw ap bu�ers for t w o windo ws, and use

core X to clear only certain planes of the bac k bu�ers, the application w ould

issue the follo wing proto col requests as a group, and in the follo wing order:

� DBEBeginIdiom request.

� DBESwapBuffers request with XIDs for t w o windo ws, eac h of whic h uses

a sw ap action of Untouched .

� Core X PolyFillRectangl e request to the bac k bu�er of one windo w.

� Core X PolyFillRectang le request to the bac k bu�er of the other

windo w.

� DBEEndIdiom request.

The DBEBeginIdiom and DBEEndIdiom requests do not p erform an y actions

themselv es. They are treated as mark ers b y implemen tations that can

com bine certain groups/series of requests as idioms, and are ignored b y other

implemen tations or for nonrecognized groups/series of requests. If these

requests are sen t out of order, or are mismatc hed, no errors are sen t, and the

requests are executed as usual, though p erformance ma y su�er.
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An idiom need not include a DBESwapBuffers request. F or example, if a sw ap

action of Copied is desired, but only some of the planes should b e copied, a

core X CopyArea request ma y b e used instead of DBESwapBuffers . If

DBESwapBuffers is included in an idiom, it should immediately follo w the

DBEBeginIdiom request. Also, when the DBESwapBuffers is included in an

idiom, that request's sw ap action will still b e v alid, and if the sw ap action

migh t o v erlap with another request, then the �nal result of the idiom m ust b e

as if the separate requests w ere executed serially . F or example, if the sp eci�ed

sw ap action is Untouched , and if a PolyFillRectang le using a clien t clip

rectangle is done to the windo w's bac k bu�er after the DBESwapBuffers

request, then the con ten ts of the new bac k bu�er (after the idiom) will b e the

same as if the idiom w as not recognized b y the implemen tation.

It is highly recommended that Application Programming In terface (API)

pro viders de�ne, and application dev elop ers use, \con v enience" functions that

allo w clien t applications to call one pro cedure that encapsulates common

idioms. These functions will generate the DBEBeginIdiom request, the idiom

requests, and DBEEndIdiom request. Usage of these functions will ensure b est

p ossible p erformance across a wide v ariet y of implemen tations.

4 C Language Binding

The header for this extension is <X11/extensions/X db e.h > . All iden ti�er

names pro vided b y this header b egin with Xdb e.4.1 Types
The t yp e XdbeBackBuffer is a Drawable .

The t yp e XdbeSwapAction can b e one of the constan ts XdbeUndefined ,

XdbeBackground , XdbeUntouched , or XdbeCopied .4.2 C Functions
The C functions pro vide direct access to the proto col and add no additional

seman tics. F or complete details on the e�ects of these functions, refer to the

appropriate proto col request, whic h can b e deriv ed b y replacing Xdb e at the

start of the function name with DBE. All functions that ha v e return t yp e

Status will return nonzero for success and zero for failure.
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Status

Xdb eQueryExtension ( Displa y * dpy , in t * major version return,

in t * minor version return )

XdbeQueryExtensi on sets ma jor v ersion return and minor v ersion return to

the ma jor and minor DBE proto col v ersion supp orted b y the serv er. If the

DBE library is compatible with the v ersion returned b y the serv er, it returns

nonzero. If dp y do es not supp ort the DBE extension, or if there w as an error

during comm unication with the serv er, or if the serv er and library proto col

v ersions are incompatible, it returns zero. No other Xdb e functions ma y b e

called b efore this function. If a clien t violates this rule, the e�ects of all

subsequen t Xdb e calls that it mak es are unde�ned.

Xdb eScreenVisualInfo *

Xdb eGetVisualInfo ( Displa y * dpy , Dra w able * screen speci�ers, in t *num screens )

XdbeGetVisualInf o returns information ab out whic h visuals supp ort double

bu�ering. The argumen t n um screens sp eci�es ho w man y elemen ts there are

in the screen sp eci�ers list. Eac h dra w able in screen sp eci�ers designates a

screen for whic h the supp orted visuals are b eing requested. If n um screens is

zero, information for all screens is requested. In this case, up on return from

this function, n um screens will b e set to the n um b er of screens that w ere

found. If an error o ccurs, this function returns NULL; otherwise, it returns a

p oin ter to a list of XdbeScreenVisua lI nfo structures of length n um screens.

The nth elemen t in the returned list corresp onds to the nth dra w able in the

screen sp eci�ers list, unless n um screens w as passed in with the v alue zero, in

whic h case the nth elemen t in the returned list corresp onds to the nth screen

of the serv er, starting with screen zero.

The XdbeScreenVisua lIn fo structure has the follo wing �elds:

in t count n um b er of items in visinfo

Xdb eVisualInfo * visinfo list of visuals and depths for this screen

The XdbeVisualInfo structure has the follo wing �elds:

VisualID visual one visual ID that supp orts double-bu�ering

in t depth depth of visual in bits

in t per
evel p erformance lev el of visual
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v oid

Xdb eF reeVisualInfo ( Xdb eScreenVisualInfo * visual info )

XdbeFreeVisualIn fo frees the list of XdbeScreenVisua lIn fo returned b y

XdbeGetVisualInf o .

Xdb eBac kBu�er

Xdb eAllo cateBac kBu�erName ( Displa y * dpy , Windo w window ,

Xdb eSw apAction swap action )

XdbeAllocateBack Buf fe rNa me returns a dra w able ID used to refer to the

bac k bu�er of the sp eci�ed windo w. The sw ap action is a hin t to indicate the

sw ap action that will lik ely b e used in subsequen t calls to XdbeSwapBuffers .

The actual sw ap action used in calls to XdbeSwapBuffers do es not ha v e to b e

the same as the sw ap action passed to this function, though clien ts are

encouraged to pro vide accurate information whenev er p ossible.

Status

Xdb eDeallo cateBac kBu�erName ( Displa y * dpy , Xdb eBac kBu�er bu�er )

XdbeDeallocateBa ckB uf fer Na me frees the sp eci�ed dra w able ID, bu�er, that

w as obtained via XdbeAllocateBac kBu ff erN am e . The bu�er m ust b e a v alid

name for the bac k bu�er of a windo w, or an XdbeBadBuffer error results.

Status

Xdb eSw apBu�ers ( Displa y * dpy , Xdb eSw apInfo * swap info ,

in t num windows )

XdbeSwapBuffers sw aps the fron t and bac k bu�ers for a list of windo ws. The

argumen t n um windo ws sp eci�es ho w man y windo ws are to ha v e their bu�ers

sw app ed; it is the n um b er of elemen ts in the sw ap info arra y . The argumen t

sw ap info sp eci�es the information needed p er windo w to do the sw ap.

The XdbeSwapInfo structure has the follo wing �elds:

Windo w swap window windo w for whic h to sw ap bu�ers

Xdb eSw apAction swap action sw ap action to use for this sw ap windo w

Status

Xdb eBeginIdiom ( Displa y * dpy )

XdbeBeginIdiom marks the b eginning of an idiom sequence. See section 3.2

for a complete discussion of idioms.
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Status

Xdb eEndIdiom ( Displa y * dpy )

XdbeEndIdiom marks the end of an idiom sequence.

Xdb eBac kBu�erA ttributes *

Xdb eGetBac kBu�erA ttributes ( Displa y * dpy , Xdb eBac kBu�er bu�er )

XdbeGetBackBuffe rAt tr ibu te s returns the attributes asso ciated with the

sp eci�ed bu�er.

The XdbeBackBufferA ttr ib ute s structure has the follo wing �elds:

Windo w window windo w that bu�er b elongs to

If bu�er is not a v alid XdbeBackBuffer , windo w is set to None .

The returned XdbeBackBufferAt tr ib ute s structure can b e freed with the

Xlib function XFree .4.3 Errors
The XdbeBufferError structure has the follo wing �elds:

in t type
Displa y * display Displa y the ev en t w as read from

Xdb eBac kBu�er bu�er resource id

unsigned long serial serial n um b er of failed request

unsigned c har error code error base + XdbeBadBuffer

unsigned c har request code Ma jor op-co de of failed request

unsigned c har minor code Minor op-co de of failed request
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