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Abstract

TheX Window Systemallows multiple windows to oc-
cupy thesamecoordinateson thescreen.Thecorepro-
tocol defineswhich portionsof eachwindow arevisible
andwhichareoccludedby overlappingwindows,but the
overlappingwindowsarealwayscompletelyopaque.

Varioustechniquescanbeusedto simulatenon-opaque
windows in controlledenvironments.TheShapeExten-
sioncanbeusedto make areasof thewindow transpar-
ent. A backgroundof “None” canbeusedto inherit the
contentsof thescreenin theregionoccupiedby thewin-
dow whenit is first mapped.Whereavailable,hardware
overlayscanbe usedwhich exposea transparentpixel
value.

Noneof thesetechniquescanbeusedfor translucency in
a generalway; hardwareoverlaysandtheShapeExten-
sioncanonly providetransparency andcannotblendthe
pixel colorstogether. A backgroundof “None” cannot
beusedwhentheoccludingwindowsareto bereconfig-
uredor whentheoccludedregion contentsareexpected
to change.

The X TranslucentWindow Extension is described
which solves the generaltranslucency problemby as-
signing alphavaluesfor pixels in occludingwindows.
Thesevaluesare usedto blend the occludingwindow
contentswith the occludedregion for display. The de-
tails of managingtranslucentwindow hierarchies,re-
parentingtranslucentwindows andX visualdifferences
betweenblendedpixelsarediscussed.

1 Translucency

Physically, translucentobjectsabsorbsome,but not all,
of thelight passingthroughthem.Thecolorof theobject
affectswhich wavelengthsaremoststronglyabsorbed.

Visually, translucentobjectsappearto affect the color
andbrightnessof objectsbeyondthem.

The effect of light on a translucentobjectcanbe sim-
ulatedby blending the color of the translucentobject
with thatof objectsbeyondit. Whendealingwith com-
puterimages,translucency canbedescribedasa math-
ematicaloperationon the color dataof a collectionof
images.This mathematicalcompositionof imageswas
formally definedby ThomasPorter and Tom Duff in
1984 [PD84]. They define formulaewhich usecolor
datain conjunctionwith a per-pixel opacityvaluecalled
“alpha”. With theseformulaemany intuitive imagema-
nipulationscanbeperformed.

1.1 Image Compositing Operators

Eachof the operatorsdefinedby PorterandDuff oper-
ateindependentlyon eachof thecolor channelsin each
pixel. Theequationsareabbreviatedto show theopera-
tion on asinglechannelof a singlepixel.

A commoncompositingoperationis to placeoneimage
over another. Transparentareasof the overlying image
allow the underlyingimageto show through. Opaque
areashidetheunderlyingimagewhile translucentareas
blendthe two imagestogether. By definingthe“alpha”
of apixel asanumberfrom 0 to 1 measuringits opacity,
a simpleequationcombinestwo pixel colorstogether:�

result � �
under � �����	� over 
�� � over � � over

PorterandDuff call this the“over” operator.

Another commonoperationis to maskan imagewith
another;transparentareasin themaskareremovedfrom
theimagewhile opaqueareasof themaskleave theim-
agevisible. �

result � �
mask � � image

This is the“in” operator. They provideacompletecom-
positingalgebraincluding otheroperations;only these
two areneededfor this extension.



One importantaspectof this model is that it createsa
new imagedescriptionwhichattachesanothervalue“al-
pha” to eachpixel. Thisvaluemeasuresthe“opacity” of
thepixel andcanbeoperatedon by therenderingfunc-
tionsalongwith thecolorcomponents.

1.2 Destination Alpha

Sometimesit is usefulto createcompositeimageswhich
arethemselvestranslucent,in otherwords,containalpha
values. This effect canbe achieved by augmentingthe
operatorswith anoperationwhichproducesacomposite
alphavaluealongwith thecolor values.For the “over”
operator, thecompositealphavalueis definedas:

�
result � �

under � ���
�	� result 
�� � over

The“in” operatorcompositealphavalueis:
�

result � �
mask � � image

Theresultingimagescannow beusedin additionalren-
deringoperations.

1.3 Premultiplied Alpha

Visible in theaboveequationsfor computingthe“over”
operatoris the asymmetryin the computationof alpha
andthecolorcomponents:

�
result � �

under � �����	� over 
�� � over
�

result � �
under � �����	� over 
�� � over � � over

This is “fix ed” by respecifyingthe imagedataasbeing
“premultipliedby alpha”. Eachcolor componentin the
imageis replacedby that componentmultiplied by the
associatedalphavalue.Blinn [Bli94] notesthatpremul-
tiplied imageseasily provide the correct resultswhen
run throughlong sequencesof operations,while non-
premultipliedimagesinvolveawkwardcomputations.

2 Uses For Translucent Windows

As user interfacedesignmoves forward with increas-
ing graphicsperformance,thingsformerly passedover
ascomputationallyintractablearenow quitereasonable.
Here are a couple of ideashow translucentwindows
couldbeused.

2.1 Window Management Effects

It is possibleto simulatetranslucency duringsomewin-
dow manipulationoperationsto provideadditionalfeed-
backfor theuser. Thiscanbeimplementedby capturing
a staticimageof thewindow andthedesktop,blending
them,andupdatingthedisplay.

This meansthat any changesthat occur to the window
contentsduring the operationcannotbe reflecteddy-
namicallyon thescreen,limiting this to window move-
mentoperations.Moving the blendingoperationsinto
thewindow systemallows for thedynamiccomposition
of applicationandunderlyingimages.

Applicationsshouldnot berequiredto cooperateto pro-
vide theseeffects.This requiresanexternalcontrolover
window hierarchytranslucence.

2.2 Transient Data

User interfaceelementswhich appeartransientlyover
applicationwindows suchas menusand dialog boxes
oftenoccludeinformationusefulin theoperationof the
transientaction.By makingthebackgroundof thetran-
sientwindow transparentandusingtranslucency to high-
light dialogelements,aneffectiveuserinterfaceelement
can be usableand yet still allow interpretationof oc-
cludedapplicationdata.

While thiscanbeeffectedby eliminatingwindowing for
thetransientelementsandrenderingthemdirectly to the
applicationwindow, the ability to continueto usewin-
dow managementand other windowing metaphorsfor
theseelementsprovidesastrongincentiveto incorporate
thesesemanticsinto thewindow system.

2.3 Overlays and Annotation

Applications with complex image displays frequently
presentthe ability for usersto overlay associatedin-
formation or annotatethe imagewithout affecting the
underlyingimagedata. Theseneedsaresatisfiedtoday
only with graphicshardwarethatsupportsoverlays.But
even wheresupported,the annotationsareusually lim-
ited to fewer color planesthanthemainimageandcan-
not incorporatetranslucencein the image,only opacity
andtransparency.

Again, theseeffectscanbe implementedby the appli-



cation, however, the underlyinggraphicsare often ex-
pensive to redisplay. Moving theseoperationsinto the
window systemprovidestheability to useoverlayhard-
warewhereavailableandgracefullyfallbackto software
whennecessary.

Both transientwindows and annotationsrequire per-
pixel translucency thattracksrenderingoperations.

3 The X Rendering Extension

The X Window System[SG92] is a networked, exten-
sible window systemproviding hierarchicalwindows.
It wasdesignedto operateon a wide variety of graph-
ics hardware, from simple frame buffers to high-end
graphicssystemswith overlays,underlays,accumula-
tion buffers, z-buffers, doublebuffering, etc. Over the
last12years,it hasbecomethestandardwindow system
for Unix andUnix-likesystems.

TheX RenderingExtension[Pac00] providesanew ren-
deringarchitecturefor X applicationsincluding image
compositing,sub-pixel positionedgeometricprimitives
andapplicationmanagementof glyphs.TheX Translu-
cent Window Extensionbuilds on the imagecomposi-
tion ideasandmechanismsprovidedby theX Rendering
Extension.

3.1 New Objects

The “PictFormat” object holds information neededto
translateX pixel valuesinto color andalphadata. For
TrueColorvisuals,the color dataareextracteddirectly
from thepixel while pseudocolor visualsusea separate
Colormap. The PictFormat referencesthe appropriate
Colormapin that case. It also indicatesthe portion of
thepixel whichcontainsalphainformation(if any).

To encapsulaterenderingstateandcolor information,X
Drawables(pixmapsandwindows)arewrappedinsidea
new “Picture” object. An externalpixmapPicturecon-
taining alphadatacan be associatedwith the Picture.
This externalalphadataoverridesany embeddedalpha
data.

3.2 Rendering Operators

The X RenderingExtensionusesa modifiedversionof
the Plan 9 renderingprimitive [Pik00] as the basisfor
imagecomposition:�

result � � �
image IN

�
mask 
 OP

�
result

In the Plan 9 window system,OP is always OVER.
The extensionallows any of the operatorsdefinedby
PorterandDuff alongwith a specialoperatordesigned
for drawinganti-aliasedgraphicsadaptedfrom OpenGL.

Using this basicrenderingprimitive, the extensionde-
fines geometricoperationsby specifyingthe construc-
tion of animplicit maskwhichis thenusedin thegeneral
primitiveabove. Anti-aliasedgraphicscanbesimulated
by generatingimplicit maskswith partialopacityalong
theedges.

3.3 Color Management

The coreX protocoldefinesall renderingprimitivesin
termsof pixel values. While this works whenthe ren-
deringis donewith booleanoperations,it’s color-based
renderingmusthaveacolor interpretationfor eachpixel
value.

The PictFormatobject containsthe informationneces-
saryto translateapixel valueinto acolor. Theconverted
colorcanthenbecompositedwith othercolorsto gener-
atethedisplayedcolor. Oncea final color is computed,
the extensionconverts it back to a pixel valueusinga
fixedpalettewith optionalditheringto improvecolor fi-
delity. Pseudocolor displaysusea fixed palettegen-
eratedby the server for all images;the flexibility of a
dynamicpalettewasdiscardedin favor of reducedcol-
ormapflashingandsimplercode.

4 Windowing Semantics

X provides a hierarchicalwindow system. Windows
provide a view ontoa documentor scene.Windows are
stacked over or undertheir peersand containsubwin-
dows. Thetopof thewindow hierarchyis calledtheroot
andis distinguishedfrom otherwindows by beingcon-
tainedin no window.

Thevisible areaof a subwindow is confinedto thevis-
ible areaof thecontainingwindow. Thevisible areaof



a window is occludedby all subwindows. A window
alongwith all subwindows stacktogetherwith respect
to thatwindowspeers.

Giventheabovesemantics,thevisible portionof a win-
dow canbefoundby computingtheportionof thewin-
dow within the visible portion of its including window
andsubtractingtheareasof any subwindowsandoverly-
ing peerwindows. Thevisible portionsof eachwindow
arecombinedto form thefinal displayedimage.As the
visible portionsof eachwindow form a partition of the
root window area,eachpixel on the screenbelongsto
thevisibleportionof preciselyonewindow.

4.1 Transparent Windows

Graphicshardware frequently provides the ability to
“color-key” oneframebuffer overanotherframebuffer.
This compositingis donein hardware,andallowseither
theunderlayor overlayto bedisplay, but notacombina-
tion of thetwo.

For hardwarewith this capability, X lists pairsof visu-
als for eachscreen,oneasthe underlayandanotheras
theoverlay. Transparentareasin windowscreatedin the
overlayvisualshow throughcontentsof windows in the
underlay. The transparentareasare typically specified
with a specialpixel value.

The semanticsof this mechanismaremeantto expose
theunderlyinghardwareabilities,ratherthanmatchthe
windowing model and can generatesurprisingresults.
Onesuchsurprisewasthattransparentpixelsin theover-
lay visual would unconditionallyshow throughto the
nearestoccludedwindow in the underlay, even if inter-
veningwindowsexistedin theoverlay.

The X ShapeExtension[Pac89] providesa mechanism
for altering the visible region of a window. This af-
fects graphicaloutput as well as pointer input: areas
outsideof the shapedo not receive pointerevents. The
ShapeExtensioncanbeusedto implementpartialwin-
dow transparency, but the effect on input is usuallynot
desirable.Additionally, the regularX semanticsfail to
ensurethat the occludedwindow contentswill be pre-
served by the X server for redisplay. A large classof
applicationsfail to performacceptablywhentheir con-
tentsaredamaged,makingshapedwindowsunsuitable.

The final problem is that the ShapeExtensionis im-
plementedby modifying the window clipping regions
within theserver. Theseregionsarerepresentedaslists

of rectangles.Complex bitmapshapesgenerateclip lists
of thousandsof rectangles,slowing theserverunaccept-
ably.

4.2 Windowing as Compositing

An informal descriptionof typical window systemse-
manticsis thatof overlappingpiecesof paperonadesk-
top. This characterizesthe original intent asdeveloped
at Xerox, but seemsfar removedfrom the formal X se-
manticsdescribedabove.

Reinterpretingthosein termsof imagecompositionpro-
videsa moretransparentdescription.

A window is composedof an imageandzeroor more
stackedsubwindows. Thevisible imageof a window is
generatedby composingthewindow with thevisibleim-
ageof its subwindowsusingtheover operator. Thealpha
valueof a window is 1 insidethe shapeof the window
and0 outside.

5 Translucent Windowing Semantics

Existingsystemsprovidetwo interpretationsfor translu-
cency. A reasonablesystemwill provide mechanisms
for bothandalsoallow hardwareaccelerationwhenpos-
sible.

Systemsbasedon hardwareoverlaysprovide a special
pixel valuethatexposesdatain theunderlyingwindow.
Theseembedtransparency in thepixel valueitself. Each
pixelcanbeeitheropaqueor transparent,but nottranslu-
cent.

Systemsdesignedto animatewindow operationsprovide
an external opacityvalue that controlsthe blendingof
a window to the desktop.The datawithin the window
needn’t containopacity information, rather that is ap-
plied by the externalwindow managementagentto af-
fect thedisplayof theresultingimage.

6 Prototype

To provideaframework for exploringwindow composit-
ing, a simpleprototypewasconstructedthatallows for
arbitrarycompositingbetweenwindows.



As seenabove,windowing canbedescribedin termsof
compositingimagesin layers. The displayedimageof
a window is formedby compositingthe window image
dataalong with the displayedimagesof eachinferior
window.

This suggestsa relatively straightforward, if somewhat
inefficient, implementationof windowing. Insteadof
providing window layeringby clipping eachrendering
operationto asinglesharedimage,window layeringcan
beimplementedby compositingseparatelyrenderedim-
ages.

6.1 Prototype Implementation

Theimagedatafor eachwindow is keptin anoff-screen
imagebuffer. The completedisplayedimageis formed
by recursively compositingtheseimagestogether.

A separatedisplayedimagebuffer is usedto renderthe
compositeimageof the window andsubwindows. The
window imagedataarecopiedto that displayedimage
buffer. Finally, the displayedimagefor eachinferior is
generatedandcompositedto thedisplayedimagebuffer.
Therootwindow usestheframebuffer itself for thedis-
playedimage.

As all renderingoperationsnow occur off screen,the
X server mustupdatethe displayedimagefor the root
window whenever visible changesoccur. The proto-
typekeepsa singleregion which enclosesany damage.
Eachrenderingcommandupdatesthatregion. Whenthe
server is aboutto wait for additionalX requests,it re-
cursesthroughthewindow hierarchyupdatingthedam-
agedareasof eachdisplayedimage. Finally, the dam-
agedregion is emptied.

6.2 Prototype Results

The initial prototypeprovidesanalternateimplementa-
tion of X windowing. By itself, that is not terribly use-
ful. To demonstratethe capabilitiesof the architecture,
theserverwasmodifiedto maskeach“overrideredirect”
window with a constantalphavalueof 2/3. This makes
mostmenusappeartranslucent.

The prototypeis minimally functional. Performanceis
poor, enoughfor a demonstrationbut not for realappli-
cations.Nonetheless,it is interestingto seetheeffectof
translucency on real applicationsandgaugethe usabil-

ity of varioususerinterfaceideas. For example,mak-
ing menusentirelytranslucentleadsto readabilityprob-
lems. Thetext shouldprobablybeopaqueandoutlined
in a contrastingcolor while thebackgroundof themenu
remainstranslucent.The Phillips TiVo, a Linux-based
videostoragedevice,displaystext in this manner.

The prototypecanbe extendedto supportthe Translu-
centWindow Extension;addingsemanticsfor different
compositingoperatorsis quiteeasyoncetheentirecon-
tentsof everywindow is available.

7 Improving the Design

While the prototypedemonstratesan easyintuitive ar-
chitecturefor window compositing,it usesmemoryfor
window imagedatawhich is not usedto generatethefi-
naldisplay. It alsorecompositeswindow imagesateach
level of the hierarchy, makingdeepwindow treesper-
form poorly. The prototypehasbeenuseful,but archi-
tecturalchangesareneededfor a productionsystem.

The final designshouldbe equivalentto the existing X
windowing systemin theabsenceof translucency.

7.1 Opaque Windows

Windowswith aconstantalphavalueof 1 (thosewithout
analphachannelor mask)canbedirectlyrenderedto the
enclosingwindow’s imagebuffer. This is a generaliza-
tion of thestandardX renderingmodelin whichall win-
dowssharetheframebuffer for imagedata.Similarrules
applyhere:theenclosingwindow andany occludedwin-
dows mustclip renderingout of that area. Whencom-
positing the displayedimage,any occludedareasfrom
otherwindowsmustnot touchtheoccludingpixels.

7.2 Occluded Window Regions

Sectionsof windows occludedby opaquewindows are
not neededto generatethefinal displayedimageon the
screenandsoneednot becontainedin any image. Ex-
isting X clipping operationscanbeusedto modify ren-
deringoperationsin this case.

For the root window, this will allow direct renderingto
theframebuffer, entirelyavoiding thecostof composit-



ing windows while ensuringaccelerationof rendering
operationswith any displayhardware.

7.3 Translucent Subwindows

Theprototypestorestheentirewindow imageoff screen
so that the image can be compositedwith subwin-
dows. Instead,only theportionof a window coveredby
translucentwindows needbestoredin a separatebuffer
with theremainderrendereddirectlyto thedisplayedim-
agebuffer.

Thisgiveseachwindow two regions,onecontainingthe
arearendereddirectly to thedisplayedimagebuffer and
asecondcontainingtheareacoveredby translucentsub-
windowswhichmustberenderedto anoff-screenimage
buffer.

7.4 Multiple Frame Buffers

The prototypeworks only for a homogeneousdisplay;
all windows mustbe true color at the samedepth. To
extendthis for hardwarewith overlays,the implemen-
tation must allow for windows of differentdepthsand
visualclasses.

For opaquewindows, providing separatedisplayedim-
agebuffers whereneededin the hierarchyis sufficient.
Translucentwindowsmustbeblendedtogetherto bedis-
played. For windows not usinga true color visual, the
pixel valuesmustbeconvertedto color values,blended
togetherthenconvertedbackto pixel valuesandstored
in the displayedimagebuffer of an appropriateformat.
Thesemanticsfor thisconversionaredescribedin detail
by theRenderingExtension.

8 X Translucent Window Extension

The X TranslucentWindow Extensionexposesseman-
tics for window translucency to applications,allowing
themto manipulatethe compositionof window datato
thescreen.TheTranslucentWindow Extensionusesthe
RenderingExtensioncompositingprimitivewith afixed
OVER operator.�

result � � �
image IN

�
mask 
 OVER

�
result

This singleoperatorcombinesthe maskingof the “in”
operatorwith the blendingof the “over” operator. The

Plan9 window systemusesthisprimitivefor all graphics
operations.Blinn suggeststhat for imagecomposition,
the OVER operatoris sufficient for nearlyevery opera-
tion. This extendedprimitive incorporatestheability to
rendergeometricobjects,text andimageswith external
alphachannelswith a singlesimpleoperation.

8.1 Embedded Alpha Values

To allow applicationsto control opacity while render-
ing, pixel valuesmustmapto opacityvalues. Overlay
hardwarefrequentlyusesspecialpixel values,but is usu-
ally limited to either transparentor opaquepixels. A
more generalsolution associatesa deeperalphavalue
with eachpixel allowing it to berenderedalongwith the
pixel values.

The RenderingExtensiondescribespixel formats in-
cluding alpha; thoseresultingalphavaluesmay be di-
rectly usedaswindow opacityvalueswhen that is ap-
propriate. For visualswithout embeddedalphavalues,
an externalpixmap will containthe alphavalues. For
windowswithoutembeddedor separatealphavalues,the
extensionusesa constantalphavalueof 1.

8.2 External Opacity Control

This operationsis frequentlyusedto take an existing
window and blend it over the screen. Menus,cursors
anddialogsareexampleswhereaccessto underlyingin-
formationis desiredevenwhenthedialogmayocclude
thatinformation.Theessentialrequirementis for a sep-
aratealphachannelthatcancausethewindow contents
to go from opaqueto transparentwithout changingthe
contentsof thewindow. The“mask” operandin thePlan
9 primitiveprovidessuchcontrol.

TheRenderingExtensionallows thatmaskto be“tiled”
overtheoperation,repeatingthemaskin bothdirections
to cover thearea.By creatinga 1x1 mask,theresulting
singlevaluecontrolstheblendingof theentirewindow.

9 Directions

There are several lines of work relatedto this exten-
sion. While the X RenderingExtensionhasa prelimi-
nary specification,thereremainssignificantimplemen-



tation to be completedwhich may affect that specifica-
tion.

The server windowing infrastructureneedsto be modi-
fied to supporttranslucentwindows. Thereareseveral
otherpotentialenhancementsto theX Window System
whichwouldbeableto takeadvantageof thesearchitec-
tural changes.Amongthemareanimprovedsave-under
system,amechanismfor changingthehardwareacceler-
atedvisualsoneachscreen,changesto thebackingstore
systemandtranslucentmulti-colorcursors.

Finally, the TranslucentWindow Extension protocol
must be formally definedand implemented. With the
architecturalinfrastructurein place,this shouldbea rel-
atively smalleffort.

10 Conclusion

Imagecompositingformsthebasisof many modernren-
deringsystems,from PostScriptandPDFto GL andthe
Quartzwindowing system.ExtendingtheX windowing
semanticsto allow for window-level compositingpro-
videsa powerful new tool for applicationdevelopment.
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