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Double Bu�er Extension Speci�cation 31 IntroductionThe Double Bu�er Extension (DBE) provides a standard way to utilizedouble-bu�ering within the framework of the X Window System.Double-bu�ering uses two bu�ers, called front and back, which hold images.The front bu�er is visible to the user; the back bu�er is not. Successiveframes of an animation are rendered into the back bu�er while the previouslyrendered frame is displayed in the front bu�er. When a new frame is ready,the back and front bu�ers swap roles, making the new frame visible. Ideally,this exchange appears to happen instantaneously to the user and with novisual artifacts. Thus, only completely rendered images are presented to theuser, and they remain visible during the entire time it takes to render a newframe. The result is a 
icker-free animation.2 GoalsThis extension should enable clients to:� Allocate and deallocate double-bu�ering for a window.� Draw to and read from the front and back bu�ers associated with awindow.� Swap the front and back bu�ers associated with a window.� Specify a wide range of actions to be taken when a window is swapped.This includes explicit, simple swap actions (de�ned below), and morecomplex actions (for example, clearing ancillary bu�ers) that can be puttogether within explicit \begin" and \end" requests (de�ned below).� Request that the front and back bu�ers associated with multipledouble-bu�ered windows be swapped simultaneously.In addition, the extension should:� Allow multiple clients to use double-bu�ering on the same window.� Support a range of implementation methods that can capitalize onexisting hardware features.� Add no new event types.� Be reasonably easy to integrate with a variety of direct graphicshardware access (DGHA) architectures.



Double Bu�er Extension Speci�cation 43 ConceptsNormal windows are created using the core CreateWindow request, whichallocates a set of window attributes and, for InputOutput windows, a frontbu�er, into which an image can be drawn. The contents of this bu�er will bedisplayed when the window is visible.This extension enables applications to use double-bu�ering with a window.This involves creating a second bu�er, called a back bu�er, and associatingone or more back bu�er names (XIDs) with the window for use when referringto (that is, drawing to or reading from) the window's back bu�er. The backbu�er name is a DRAWABLE of type BACKBUFFER.DBE provides a relative double-bu�ering model. One XID, the window,always refers to the front bu�er. One or more other XIDs, the back bu�ernames, always refer to the back bu�er. After a bu�er swap, the windowcontinues to refer to the (new) front bu�er, and the back bu�er namecontinues to refer to the (new) back bu�er. Thus, applications and toolkitsthat want to just render to the back bu�er always use the back bu�er namefor all drawing requests to the window. Portions of an application that wantto render to the front bu�er always use the window XID for all drawingrequests to the window.Multiple clients and toolkits can all use double-bu�ering on the same window.DBE does not provide a request for querying whether a window hasdouble-bu�ering support, and if so, what the back bu�er name is. Given theasynchronous nature of the X Window System, this would cause raceconditions. Instead, DBE allows multiple back bu�er names to exist for thesame window; they all refer to the same physical back bu�er. The �rst time aback bu�er name is allocated for a window, the window becomesdouble-bu�ered and the back bu�er name is associated with the window.Subsequently, the window already is a double-bu�ered window, and nothingabout the window changes when a new back bu�er name is allocated, exceptthat the new back bu�er name is associated with the window. The windowremains double-bu�ered until either the window is destroyed or until all of theback bu�er names for the window are deallocated.In general, both the front and back bu�ers are treated the same. Inparticular, here are some important characteristics:� Only one bu�er per window can be visible at a time (the front bu�er).� Both bu�ers associated with a window have the same visual type, depth,width, height, and shape as the window.� Both bu�ers associated with a window are \visible" (or \obscured") in



Double Bu�er Extension Speci�cation 5the same way. When an Expose event is generated for a window, bothbu�ers should be considered to be damaged in the exposed area.Damage that occurs to either bu�er will result in an Expose event onthe window. When a double-bu�ered window is exposed, both bu�ersare tiled with the window background, exactly as stated by the coreprotocol. Even though the back bu�er is not visible, terms such asobscure apply to the back bu�er as well as to the front bu�er.� It is acceptable at any time to pass a BACKBUFFER in any request,notably any core or extension drawing request, that expects aDRAWABLE. This enables an application to draw directly intoBACKBUFFERs in the same fashion as it would draw into any otherDRAWABLE.� It is an error (Window) to pass a BACKBUFFER in a core request thatexpects a Window.� A BACKBUFFER will never be sent by core X in a reply, event, orerror where a Window is speci�ed.� If core X11 backing-store and save-under applies to a double-bu�eredwindow, it applies to both bu�ers equally.� If the core ClearArea request is executed on a double-bu�ered window,the same area in both the front and back bu�ers is cleared.The e�ect of passing a window to a request that accepts a DRAWABLE isunchanged by this extension. The window and front bu�er are synonomouswith each other. This includes obeying the GetImage semantics and thesubwindow-mode semantics if a core graphics context is involved. Regardlessof whether the window was explicitly passed in a GetImage request, orimplicitly referenced (that is, one of the window's ancestors was passed in therequest), the front (that is, visible) bu�er is always referenced. Thus,DBE-na��ve screen dump clients will always get the front bu�er. GetImage ona back bu�er returns unde�ned image contents for any obscured regions of theback bu�er that fall within the image.Drawing to a back bu�er always uses the clip region that would be used todraw to the front bu�er with a GC subwindow-mode of ClipByChildren. Ifan ancestor of a double-bu�ered window is drawn to with a core GC having asubwindow-mode of IncludeInferiors, the e�ect on the double-bu�eredwindow's back bu�er depends on the depth of the double-bu�ered windowand the ancestor. If the depths are the same, the contents of the back bu�erof the double-bu�ered window are not changed. If the depths are di�erent,the contents of the back bu�er of the double-bu�ered window are unde�nedfor the pixels that the IncludeInferiors drawing touched.



Double Bu�er Extension Speci�cation 6DBE adds no new events. DBE does not extend the semantics of any existingevents with the exception of adding a new DRAWABLE type calledBACKBUFFER. If events, replies, or errors that contain a DRAWABLE (forexample, GraphicsExpose) are generated in response to a request, theDRAWABLE returned will be the one speci�ed in the request.DBE advertises which visuals support double-bu�ering.DBE does not include any timing or synchronization facilities. Applicationsthat need such facilities (for example, to maintain a constant frame rate)should investigate the Synchronization Extension, an X Consortium standard.3.1 Window Management OperationsThe basic philosophy of DBE is that both bu�ers are treated the same by coreX window management operations.When the core DestroyWindow is executed on a double-bu�ered window, bothbu�ers associated with the window are destroyed, and all back bu�er namesassociated with the window are freed.If the core ConfigureWindow request changes the size of a window, bothbu�ers assume the new size. If the window's size increases, the e�ect on thebu�ers depends on whether the implementation honors bit gravity for bu�ers.If bit gravity is implemented, then the contents of both bu�ers are moved inaccordance with the window's bit gravity (see the core ConfigureWindowrequest), and the remaining areas are tiled with the window background. Ifbit gravity is not implemented, then the entire unobscured region of bothbu�ers is tiled with the window background. In either case, Expose events aregenerated for the region that is tiled with the window background.If the core GetGeometry request is executed on a BACKBUFFER, thereturned x, y, and border-width will be zero.If the Shape extension ShapeRectangles, ShapeMask, ShapeCombine, orShapeOffset request is executed on a double-bu�ered window, both bu�ersare reshaped to match the new window shape. The region di�erence is thefollowing: D = newshape� oldshapeIt is tiled with the window background in both bu�ers, and Expose events aregenerated for D.



Double Bu�er Extension Speci�cation 73.2 Complex Swap ActionsDBE has no explicit knowledge of ancillary bu�ers (for example, depth bu�ersor alpha bu�ers), and only has a limited set of de�ned swap actions. Someapplications may need a richer set of swap actions than DBE provides. SomeDBE implementations have knowledge of ancillary bu�ers, and/or can providea rich set of swap actions. Instead of continually extending DBE to increaseits set of swap actions, DBE provides a 
exible \idiom" mechanism. If anapplication's needs are served by the de�ned swap actions, it should use them;otherwise, it should use the following method of expressing a complex swapaction as an idiom. Following this policy will ensure the best possibleperformance across a wide variety of implementations.As suggested by the term \idiom," a complex swap action should be expressedas a group/series of requests. Taken together, this group of requests may becombined into an atomic operation by the implementation, in order tomaximize performance. The set of idioms actually recognized for optimizationis implementation dependent. To help with idiom expression andinterpretation, an idiom must be surrounded by two protocol requests:DBEBeginIdiom and DBEEndIdiom. Unless this begin-end pair surrounds theidiom, it may not be recognized by a given implementation, and performancewill su�er.For example, if an application wants to swap bu�ers for two windows, and usecore X to clear only certain planes of the back bu�ers, the application wouldissue the following protocol requests as a group, and in the following order:� DBEBeginIdiom request.� DBESwapBuffers request with XIDs for two windows, each of which usesa swap action of Untouched.� Core X PolyFillRectangle request to the back bu�er of one window.� Core X PolyFillRectangle request to the back bu�er of the otherwindow.� DBEEndIdiom request.The DBEBeginIdiom and DBEEndIdiom requests do not perform any actionsthemselves. They are treated as markers by implementations that cancombine certain groups/series of requests as idioms, and are ignored by otherimplementations or for nonrecognized groups/series of requests. If theserequests are sent out of order, or are mismatched, no errors are sent, and therequests are executed as usual, though performance may su�er.



Double Bu�er Extension Speci�cation 8An idiom need not include a DBESwapBuffers request. For example, if a swapaction of Copied is desired, but only some of the planes should be copied, acore X CopyArea request may be used instead of DBESwapBuffers. IfDBESwapBuffers is included in an idiom, it should immediately follow theDBEBeginIdiom request. Also, when the DBESwapBuffers is included in anidiom, that request's swap action will still be valid, and if the swap actionmight overlap with another request, then the �nal result of the idiom must beas if the separate requests were executed serially. For example, if the speci�edswap action is Untouched, and if a PolyFillRectangle using a client cliprectangle is done to the window's back bu�er after the DBESwapBuffersrequest, then the contents of the new back bu�er (after the idiom) will be thesame as if the idiom was not recognized by the implementation.It is highly recommended that Application Programming Interface (API)providers de�ne, and application developers use, \convenience" functions thatallow client applications to call one procedure that encapsulates commonidioms. These functions will generate the DBEBeginIdiom request, the idiomrequests, and DBEEndIdiom request. Usage of these functions will ensure bestpossible performance across a wide variety of implementations.4 RequestsThe DBE de�nes the following requests.4.1 DBEGetVersionThis request returns the major and minor version numbers of this extension.DBEGetVersionclient-major-version : CARD8client-minor-version : CARD8)server-major-version : CARD8server-minor-version : CARD8The client-major-version and client-minor-version numbers indicate whatversion of the protocol the client wants the server to implement. Theserver-major-version and the server-minor-version numbers returned indicatethe protocol this extension actually supports. This might not equal theversion sent by the client. An implementation can (but need not) supportmore than one version simultaneously. The server-major-version andserver-minor-version allow the creation of future revisions of the DBE protocolthat may be necessary. In general, the major version would increment for



Double Bu�er Extension Speci�cation 9incompatible changes, and the minor version would increment for small,upward-compatible changes. Servers that support the protocol de�ned in thisdocument will return a server-major-version of one (1), and aserver-minor-version of zero (0).The DBE client must issue a DBEGetVersion request before any other doublebu�ering request in order to negotiate a compatible protocol version;otherwise, the client will get unde�ned behavior (DBE may or may not work).4.2 DBEGetVisualInfoThis request returns information about which visuals support doublebu�ering.DBEGetVisualInfoscreen-speci�ers : LISTofDRAWABLE)visinfo : LISTofSCREENVISINFOwhere:SCREENVISINFO: LISTofVISINFOVISINFO: [ visual: VISUALIDdepth: CARD8per
evel: CARD8 ]Errors: DrawableAll of the values passed in screen-speci�ers must be valid DRAWABLEs (or aDrawable error results). For each drawable in screen-speci�ers, the reply willcontain a list of VISINFO structures for visuals that support double-bu�eringon the screen on which the drawable resides. The visual member speci�es theVISUALID. The depth member speci�es the depth in bits for the visual. Theper
evel is a performance hint. The only operation de�ned on a per
evel iscomparison to a per
evel of another visual on the same screen. The visualhaving the higher per
evel is likely to have better double-bu�er graphicsperformance than the visual having the lower per
evel. Nothing can bededuced from any of the following: the magnitude of the di�erence of twoper
evels, a per
evel value in isolation, or comparing per
evels from di�erentservers.If the list of screen-speci�ers is empty, information for all screens is returned,starting with screen zero.



Double Bu�er Extension Speci�cation 104.3 DBEAllocateBackBu�erNameThis request allocates a drawable ID used to refer to the back bu�er of awindow.DBEAllocateBackBu�erNamewindow : WINDOWback-bu�er-name : BACKBUFFERswap-action-hint : SWAPACTIONErrors: Alloc, Value, IDChoice, Match, WindowIf the window is not already a double-bu�ered window, the window becomesdouble-bu�ered, and the back-bu�er-name is associated with the window. Theswap-action-hint tells the server which swap action is most likely to be usedwith the window in subsequent DBESwapBuffers requests. Theswap-action-hint must have one of the values speci�ed for typeSWAPACTION (or a Value error results). See the description of theDBESwapBuffers request for a complete discussion of swap actions and theSWAPACTION type.If the window already is a double-bu�ered window, nothing about the windowchanges, except that an additional back-bu�er-name is associated with thewindow. The window remains double-bu�ered until either the window isdestroyed, or until all of the back bu�er names for the window aredeallocated.The window passed into the request must be a valid WINDOW (or a Windowerror results). The window passed into the request must be an InputOutputwindow (or a Match error results). The visual of the window must be in thelist returned by DBEGetVisualInfo (or a Match error results). Theback-bu�er-name must be in the range assigned to the client, and must notalready be in use (or an IDChoice error results). If the server cannot allocateall resources associated with turning on double-bu�ering for the window, anAlloc error results, the window's double-bu�er status (whether it is alreadydouble-bu�ered or not) remains unchanged, and the back-bu�er-name is freed.4.4 DBEDeallocateBackBu�erNameThis request frees a drawable ID that was obtained byDBEAllocateBackBufferName.DBEDeallocateBackBu�erNameback-bu�er-name : BACKBUFFERErrors: Buffer



Double Bu�er Extension Speci�cation 11The back-bu�er-name passed in the request is freed and no longer associatedwith the window. If this is the last back-bu�er-name associated with thewindow, then the back bu�er is no longer accessible to clients, and alldouble-bu�ering resources associated with the window may be freed. Thewindow's current front bu�er remains the front bu�er.The back-bu�er-name must be a valid BACKBUFFER associated with awindow (or a Buffer error results).4.5 DBESwapBu�ersThis request swaps the bu�ers for all windows listed, applying the appropriateswap action for each window.DBESwapBu�erswindows : LISTofSWAPINFOwhere:SWAPINFO: [ window: WINDOWswap-action: SWAPACTION ]SWAPACTION: fUndefined, Background, Untouched, CopiedgErrors: Match, Window, ValueEach window passed into the request must be a valid WINDOW (or a Windowerror results). Each window passed into the request must be a double-bu�eredwindow (or a Match error results). Each window passed into the request mustonly be listed once (or a Match error results). Each swap-action in the listmust have one of the values speci�ed for type SWAPACTION (or a Valueerror results). If an error results, none of the valid double-bu�ered windowswill have their bu�ers swapped.The swap-action determines what will happen to the new back bu�er of thewindow it is paired with in the list in addition to making the old back bu�erbecome visible. The de�ned actions are as follows:Undefined The contents of the new back bu�er become unde�ned. Thismay be the most e�cient action since it allows the implementation todiscard the contents of the bu�er if it needs to.Background The unobscured region of the new back bu�er will be tiledwith the window background. The background action allows devices touse a fast clear capability during a swap.Untouched The unobscured region of the new back bu�er will beunmodi�ed by the swap.



Double Bu�er Extension Speci�cation 12Copied The unobscured region of the new back bu�er will be the contentsof the old back bu�er.If DBESwapBuffers is included in a \swap and clear" type of idiom, it mustimmediately follow the DBEBeginIdiom request.4.6 DBEBeginIdiomThis request informs the server that a complex swap will immediately followthis request.DBEBeginIdiomAs previously discussed, a complex swap action is a group/series of requeststhat, taken together, may be combined into an atomic operation by theimplementation. The sole function of this request is to serve as a \marker"that the server can use to aid in idiom processing. The server is free toimplement this request as a no-op.4.7 DBEEndIdiomThis request informs the server that a complex swap has concluded.DBEEndIdiomThe sole function of this request is to serve as a \marker" that the server canuse to aid in idiom processing. The server is free to implement this request asa no-op.4.8 DBEGetBackBu�erAttributesThis request returns information about a back bu�er.DBEGetBackBu�erAttributesback-bu�er-name : BACKBUFFER)attributes : BUFFER ATTRIBUTESwhere:BUFFER ATTRIBUTES: [window: WINDOW ]If back-bu�er-name is a valid BACKBUFFER, the window �eld of the



Double Bu�er Extension Speci�cation 13attributes in the reply will be the window which has the back bu�er thatback-bu�er-name refers to. If back-bu�er-name is not a valid BACKBUFFER,the window �eld of the attributes in the reply will be None.5 EncodingPlease refer to the X11 Protocol Encoding document as this section usessyntactic conventions and data types established there.The name of this extension is \DOUBLE-BUFFER".5.1 TypesThe following new types are used by the extension.BACKBUFFER: XIDSWAPACTION#x00 Unde�ned#x01 Background#x02 Untouched#x03 CopiedSWAPINFO4 WINDOW window1 SWAPACTION swap action3 unusedVISINFO4 VISUALID visual1 CARD8 depth1 CARD8 per
evel2 unusedSCREENVISINFO4 CARD32 n, number in list8n LISTofVISINFO n VISINFOs



Double Bu�er Extension Speci�cation 14BUFFER ATTRIBUTES4 WINDOW window5.2 ErrorsBu�er1 0 error1 error base + 0 code2 CARD16 sequence number4 CARD32 bad bu�er2 CARD16 minor-opcode1 CARD8 major-opcode21 unused5.3 RequestsDBEGetVersion1 CARD8 major-opcode1 0 minor-opcode2 2 request length1 CARD8 client-major-version1 CARD8 client-minor-version2 unused)1 1 Reply1 unused2 CARD16 sequence number4 0 reply length1 CARD8 server-major-version1 CARD8 server-minor-version22 unused



Double Bu�er Extension Speci�cation 15DBEAllocateBackBu�erName1 CARD8 major-opcode1 1 minor-opcode2 4 request length4 WINDOW window4 BACKBUFFER back bu�er name1 SWAPACTION swap action hint3 unusedDBEDeallocateBackBu�erName1 CARD8 major-opcode1 2 minor-opcode2 2 request length4 BACKBUFFER back bu�er nameDBESwapBu�ers1 CARD8 major-opcode1 3 minor-opcode2 2+2n request length4 CARD32 n, number of window/swap action pairs in list8n LISTofSWAPINFO window/swap action pairsDBEBeginIdiom1 CARD8 major-opcode1 4 minor-opcode2 1 request lengthDBEEndIdiom1 CARD8 major-opcode1 5 minor-opcode2 1 request length



Double Bu�er Extension Speci�cation 16DBEGetVisualInfo1 CARD8 major-opcode1 6 minor-opcode2 2+n request length4 CARD32 n, number of screen speci�ers in list4n LISTofDRAWABLE n screen speci�ers)1 1 Reply1 unused2 CARD16 sequence number4 CARD32 reply length4 CARD32 m, number of SCREENVISINFOs in list20 unused4j LISTofSCREENVISINFO m SCREENVISINFOsDBEGetBackBu�erAttributes1 CARD8 major-opcode1 7 minor-opcode2 2 request length4 BACKBUFFER back-bu�er-name)1 1 Reply1 unused2 CARD16 sequence number4 0 reply length4 BUFFER ATTRIBUTES attributes20 unused
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