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Abstract

The X Window Systemallows multiple windows to oc-
cupy the samecoordinaten the screen.The corepro-
tocol defineswhich portionsof eachwindow arevisible
andwhichareoccludedy overlappingwindows, but the
overlappingwindows arealwayscompletelyopaque.

Varioustechniqguesanbe usedto simulatenon-opaque
windowsin controlledervironments.The ShapeExten-
sion canbe usedto make areasof thewindow transpar
ent. A backgroundf “None” canbe usedto inherit the
contentf thescreerin theregion occupiedoy thewin-
dow whenit is first mapped Whereavailable,hardware
overlayscan be usedwhich exposea transparenpixel
value.

Noneof thesetechniquesanbeusedfor transluceng in
ageneralay; hardwareoverlaysandthe ShapeExten-
sioncanonly provide transparengandcannotblendthe
pixel colorstogether A backgroundof “None” cannot
beusedwhentheoccludingwindows areto bereconfig-
uredor whenthe occludedregion contentsareexpected
to change.

The X TranslucentWindow Extensionis described
which solves the generaltransluceng problemby as-
signing alphavaluesfor pixels in occludingwindows.

Thesevaluesare usedto blend the occludingwindow

contentswith the occludedregion for display The de-

tails of managingtranslucentwindow hierarchies,re-

parentingtranslucentvindows and X visualdifferences
betweerblendedpixelsarediscussed.

1 Translucency

Physically translucenbbjectsabsorbsome,but not all,
of thelight passinghroughthem. Thecolor of theobject
affects which wavelengthsare most strongly absorbed.

Visually, translucentobjectsappearto affect the color
andbrightnesof objectsbeyondthem.

The effect of light on a translucentbbjectcanbe sim-
ulated by blendingthe color of the translucentobject
with thatof objectsbeyondit. Whendealingwith com-
puterimages transluceng canbe describedasa math-
ematicaloperationon the color dataof a collection of
images. This mathematicatompositionof imageswas
formally definedby ThomasPorterand Tom Duff in
1984 [PD84. They defineformulae which use color
datain conjunctionwith a perpixel opacityvaluecalled
“alpha”. With theseformulaemary intuitive imagema-
nipulationscanbe performed.

1.1 Image Compositing Operators

Eachof the operatorsdefinedby Porterand Duff oper
ateindependentlyn eachof the color channeldn each
pixel. The equationsaareabbreviatedto shav the opera-
tion on asinglechannelof a singlepixel.

A commoncompositingoperations to placeoneimage
over another Transparenareasof the overlying image
allow the underlyingimageto shav through. Opaque
areashide the underlyingimagewhile translucengareas
blendthe two imagestogether By definingthe “alpha”

of apixel asanumberfrom 0 to 1 measuringts opacity

asimpleequationcombinegwo pixel colorstogether:

Cresult = Cunder - (1 — @over) + Cover - cover
PorterandDuff call thisthe“over” operator

Another commonoperationis to maskan image with
anothertransparenareasn themaskareremovedfrom
theimagewhile opaqueareasof the maskleave theim-
agevisible.

Cresult = “mask - Ci mage
Thisis the“in” operator They provide acompletecom-

positing algebraincluding other operations;only these
two areneededor this extension.



Oneimportantaspectof this modelis thatit createsa
new imagedescriptiorwhich attachesanothewalue“al-
pha”to eachpixel. This valuemeasurethe“opacity” of
the pixel andcanbe operatedn by the renderingfunc-
tionsalongwith the color components.

1.2 Destination Alpha

Sometimedt is usefulto createcompositémageswhich

arethemselestranslucentin otherwords,containalpha
values. This effect canbe achieved by augmentinghe

operatorsith anoperationvhich produces composite
alphavaluealongwith the color values. For the “over”

operatoythe compositealphavalueis definedas:

Areqult = Qunder * (1 — @result) + cover

The“in” operatorcompositealphavalueis:

Uresult = ¥mask * ®image

Theresultingimagescannow be usedin additionalren-
deringoperations.

1.3 Premultiplied Alpha

Visible in theabove equationdor computingthe“over”
operatoris the asymmetryin the computationof alpha
andthe color components:

resylt = “under * (1 — @over) + aover

Cresult = Cunder - (1 — aover) + Cover - aover

This is “fix ed” by respecifyingthe imagedataasbeing
“premultiplied by alpha”. Eachcolor componenin the
imageis replacedby that componenmultiplied by the
associate@lphavalue.Blinn [Bli94] notesthatpremul-
tiplied imageseasily provide the correctresultswhen
run throughlong sequence®f operationswhile non-
premultipliedimagesinvolve awkward computations.

2 UsesFor Translucent Windows

As userinterface designmoves forward with increas-
ing graphicsperformancethingsformerly passedver

ascomputationallyintractablearenow quitereasonable.

Here are a couple of ideashow translucentwindows
couldbeused.

2.1 Window Management Effects

It is possibleto simulatetransluceng duringsomewin-

dow manipulationoperationgo provide additionalfeed-
backfor theuser This canbeimplementedy capturing
a staticimageof thewindow andthe desktop blending
them,andupdatingthedisplay

This meansthat any changeghat occurto the window
contentsduring the operationcannotbe reflecteddy-
namicallyon the screen]imiting this to window move-
mentoperations. Moving the blendingoperationsnto
thewindow systemallows for the dynamiccomposition
of applicationandunderlyingimages.

Applicationsshouldnotberequiredto cooperateo pro-
vide theseeffects. This requiresanexternalcontrolover
window hierarchytranslucence.

2.2 Transient Data

User interface elementswhich appeartransientlyover

applicationwindows such as menusand dialog boxes
often occludeinformationusefulin the operationof the

transientaction. By makingthe backgroundf thetran-

sientwindow transparer@ndusingtransluceng to high-

light dialogelementsaneffective userinterfaceelement
can be usableand yet still allow interpretationof oc-

cludedapplicationdata.

While this canbe effectedby eliminatingwindowing for

thetransienelementsandrenderinghemdirectly to the
applicationwindow, the ability to continueto usewin-

dow managemenénd other windowing metaphorgor

theseelementgprovidesastrongincentiveto incorporate
thesesemanticsnto thewindow system.

2.3 Overlaysand Annotation

Applications with comple< image displays frequently
presentthe ability for usersto overlay associatedn-

formation or annotatethe image without affecting the
underlyingimagedata. Theseneedsare satisfiedtoday
only with graphicshardwarethatsupportsoverlays.But
even wheresupportedthe annotationsare usually lim-

ited to fewer color planesthanthe mainimageandcan-
not incorporatetranslucencén the image,only opacity
andtranspareng

Again, theseeffects can be implementedby the appli-



cation, however, the underlyinggraphicsare often ex-
pensve to redisplay Moving theseoperationsnto the
window systemprovidesthe ability to useoverlay hard-
warewhereavailableandgracefullyfallbackto software
whennecessary

Both transientwindows and annotationsrequire per
pixel transluceng thattracksrenderingoperations.

3 TheX Rendering Extension

The X Window System[SG97 is a networked, exten-
sible window systemproviding hierarchicalwindows.
It wasdesignedo 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,t hasbecomehestandardvindow system
for Unix andUnix-lik e systems.

TheX Renderingextensior{Pac0Q providesanew ren-
dering architecturefor X applicationsincluding image
compositing,sub-pixel positionedgeometricprimitives
andapplicationmanagementf glyphs. The X Translu-
centWindow Extensionbuilds on the image composi-
tionideasandmechanismgrovidedby the X Rendering
Extension.

3.1 New Objects

The “PictFormat” object holds information neededto
translateX pixel valuesinto color and alphadata. For
TrueColorvisuals,the color dataare extracteddirectly
from the pixel while pseudccolor visualsusea separate
Colormap. The PictFormat referenceghe appropriate
Colormapin that case. It alsoindicatesthe portion of
the pixel which containsalphainformation(if ary).

To encapsulateenderingstateandcolor information, X

Drawables(pixmapsandwindows) arewrappednsidea
new “Picture” object. An external pixmap Picturecon-
taining alpha data can be associatedvith the Picture.
This externalalphadataoverridesary embeddedilpha
data.

3.2 Rendering Operators

The X RenderingExtensionusesa modified versionof
the Plan 9 renderingprimitive [Pik0Q] asthe basisfor
imagecomposition:

Cresult = (Cimage IN Crmask) OP Cresult
In the Plan 9 window system,OP is always OVER.
The extensionallows ary of the operatorsdefinedby
Porterand Duff alongwith a specialoperatordesigned
for drawing anti-aliasedjraphicsadaptedrom OpenGL.

Using this basicrenderingprimitive, the extensionde-
fines geometricoperationsby specifyingthe construc-
tion of animplicit maskwhichis thenusedn thegeneral
primitive above. Anti-aliasedgraphicscanbe simulated
by generatingmplicit maskswith partial opacityalong
theedges.

3.3 Color Management

The core X protocoldefinesall renderingprimitivesin
termsof pixel values. While this works whenthe ren-
deringis donewith booleanoperationsit’s color-based
renderingmusthave a color interpretatiorfor eachpixel
value.

The PictFormat object containsthe information neces-
saryto translatea pixel valueinto a color. Thecorverted
colorcanthenbecompositedwvith othercolorsto gener
atethedisplayedcolor. Onceafinal coloris computed,
the extensioncorwvertsit backto a pixel value usinga
fixed palettewith optionalditheringto improve color fi-
delity. Pseudocolor displaysusea fixed palettegen-
eratedby the sener for all images;the flexibility of a
dynamicpalettewasdiscardedn favor of reducedcol-
ormapflashingandsimplercode.

4 Windowing Semantics

X provides a hierarchicalwindow system. Windows
provide aview ontoa documenbr scene Windows are
stacled over or undertheir peersand contain subwin-
dows. Thetop of thewindow hierarchyis calledtheroot
andis distinguishedrom otherwindows by beingcon-
tainedin nowindow.

Thevisible areaof a subwindav is confinedto the vis-
ible areaof the containingwindow. The visible areaof



a window is occludedby all subwindavs. A window
alongwith all subwindavs stacktogetherwith respect
to thatwindows peers.

Giventheabove semanticsthevisible portion of a win-
dow canbefound by computingthe portion of the win-
dow within the visible portion of its including window
andsubtractingheareasof any subwindavsandoverly-
ing peerwindows. The visible portionsof eachwindow
arecombinedto form thefinal displayedimage. As the
visible portionsof eachwindow form a partition of the
root window area,eachpixel on the screenbelongsto
thevisible portion of preciselyonewindow.

4.1 Transparent Windows

Graphicshardware frequently provides the ability to

“color-key” oneframebuffer over anotherframebuffer.

This compositings donein hardware,andallows either
theunderlayor overlayto bedisplay but notacombina-
tion of thetwo.

For hardwarewith this capability X lists pairsof visu-
alsfor eachscreenoneasthe underlayandanotheras
theoverlay. Transparenareadn windows createdn the
overlayvisualshowv throughcontentsof windows in the
underlay The transparentireasaretypically specified
with a specialpixel value.

The semanticof this mechanismare meantto expose
the underlyinghardwareabilities, ratherthanmatchthe
windowing model and can generatesurprisingresults.
Onesuchsurprisewasthattransparenpixelsin theover-

lay visual would unconditionallyshav throughto the
nearesbccludedwindow in the underlay evenif inter-

veningwindows existedin the overlay.

The X ShapeExtension[Pac89 providesa mechanism
for altering the visible region of a window. This af-
fects graphicaloutput as well as pointerinput: areas
outsideof the shapedo not receve pointerevents. The
ShapeExtensioncanbe usedto implementpartial win-
dow transpareny, but the effect on input is usually not
desirable. Additionally, the regular X semanticdail to
ensurethat the occludedwindow contentswill be pre-
sened by the X sener for redisplay A large classof
applicationsfail to performacceptablywhentheir con-
tentsaredamagedmakingshapedvindows unsuitable.

The final problemis that the ShapeExtensionis im-
plementedby modifying the window clipping regions
within the sener. Theseregionsarerepresentedslists

of rectanglesComplex bitmapshapegeneratelip lists
of thousand®f rectanglesslowing the sener unaccept-
ably.

4.2 Windowing as Compositing

An informal descriptionof typical window systemse-
manticsis thatof overlappingpiecesof paperon a desk-
top. This characterizeshe original intentasdeveloped
at Xerox, but seemdar removedfrom the formal X se-
manticsdescribedabore.

Reinterpretinghosein termsof imagecompositiorpro-
videsa moretransparentlescription.

A window is composedf animageandzeroor more
stacled subwindavs. The visible imageof a window is

generatetby composinghewindow with thevisibleim-

ageof its subwindavsusingtheover operator Thealpha
value of a window is 1 insidethe shapeof the window

andO outside.

5 Translucent Windowing Semantics

Existingsystemsrovidetwo interpretationgor translu-
ceng. A reasonablesystemwill provide mechanisms
for bothandalsoallow hardwareaccelerationvhenpos-
sible.

Systemsbasedon hardware overlaysprovide a special
pixel valuethat exposegdatain the underlyingwindow.

Theseembedransparengin the pixel valueitself. Each
pixel canbeeitheropaqueor transparentyut nottranslu-
cent.

Systemslesignedo animatewvindow operationgrovide
an external opacity value that controlsthe blending of
awindow to the desktop. The datawithin the window
neednt containopacity information, ratherthat is ap-
plied by the externalwindow managemenagentto af-
fectthedisplayof theresultingimage.

6 Prototype

To provideaframeawork for exploringwindow composit-
ing, a simple prototypewas constructedhat allows for
arbitrarycompositingbetweenwindows.



As seenmabove, windowing canbe describedn termsof
compositingimagesin layers. The displayedimage of
awindow is formedby compositingthe window image
dataalong with the displayedimagesof eachinferior
window.

This suggestsa relatively straightforvard, if somavhat
inefficient, implementationof windowing. Insteadof

providing window layering by clipping eachrendering
operationto asinglesharedmage,window layeringcan
beimplementedy compositingseparatelyenderedm-

ages.

6.1 Prototype lmplementation

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

A separatalisplayedimagebuffer is usedto renderthe
compositeimageof the window and subwindavs. The
window imagedataare copiedto that displayedimage
buffer. Finally, the displayedimagefor eachinferior is
generate@ndcompositedo thedisplayedmagebuffer.
Therootwindow usesthe framebuffer itself for thedis-
playedimage.

As all renderingoperationsnow occur off screen,the
X sener mustupdatethe displayedimagefor the root
window wheneer visible changesoccur The proto-
type keepsa singleregion which enclosesany damage.
Eachrenderingcommandupdateghatregion. Whenthe
sener is aboutto wait for additionalX requestsit re-
curseghroughthewindow hierarchyupdatingthe dam-
agedareasof eachdisplayedimage. Finally, the dam-
agedregionis emptied.

6.2 Prototype Results

Theinitial prototypeprovidesan alternateémplementa-
tion of X windowing. By itself, thatis not terribly use-
ful. To demonstratehe capabilitiesof the architecture,
thesenerwasmodifiedto maskeach'overrideredirect”
window with a constantalphavalueof 2/3. This makes
mostmenusappeatranslucent.

The prototypeis minimally functional. Performances
poor, enoughfor a demonstratiorbut not for realappli-
cations.Nonethelesst is interestingto seethe effect of
transluceng on real applicationsand gaugethe usabil-

ity of varioususerinterfaceideas. For example, mak-
ing menusentirelytranslucenteadsto readabilityprob-
lems. Thetext shouldprobablybe opaqueandoutlined
in a contrastingcolor while the backgroundf the menu
remainstranslucent. The Phillips TiVo, a Linux-based
videostoragedevice, displaystext in this manner

The prototypecan be extendedto supportthe Translu-
centWindow Extension;addingsemanticdor different
compositingoperatorss quite easyoncethe entirecon-
tentsof everywindow is available.

7 Improving the Design

While the prototypedemonstratean easyintuitive ar

chitecturefor window compositing,it usesmemoryfor

window imagedatawhich is not usedto generatehefi-

nal display It alsorecompositesvindow imagesateach
level of the hierarchy making deepwindow treesper

form poorly. The prototypehasbeenuseful,but archi-
tecturalchangesreneededor a productionsystem.

The final designshouldbe equivalentto the existing X
windowing systemin theabsencef translucenyg.

7.1 OpaqueWindows

Windowswith aconstanglphavalueof 1 (thosewithout
analphachannebr mask)canbedirectlyrenderedo the
enclosingwindow’s imagebuffer. This is a generaliza-
tion of thestandardX renderingmodelin which all win-
dowsshareheframebuffer forimagedata.Similarrules
applyhere:theenclosingvindow andany occludedwin-
dows mustclip renderingout of thatarea. Whencom-
positing the displayedimage,any occludedareasfrom
otherwindows mustnottouchthe occludingpixels.

7.2 Occluded Window Regions

Sectionsof windows occludedby opaquewindows are
not neededo generateahe final displayedimageon the
screenandso neednot be containedn ary image. Ex-
isting X clipping operationsanbe usedto modify ren-
deringoperationsn this case.

For the root window, this will allow directrenderingto
theframebuffer, entirely avoiding the costof composit-



ing windows while ensuringacceleratiorof rendering
operationswith ary displayhardware.

7.3 Translucent Subwindows

Theprototypestoregheentirewindow imageoff screen
so that the image can be compositedwith subwin-
dows. Instead only the portion of awindow coveredby

translucentvindows needbe storedin a separatéuffer

with theremainderenderedlirectlyto thedisplayedm-

agebuffer.

This giveseachwindow two regions,onecontainingthe
arearenderedlirectly to the displayedmagebuffer and
aseconcontainingtheareacoveredby translucensub-
windowswhich mustberenderedo anoff-screernimage
buffer.

7.4 Multiple Frame Buffers

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

For opaquewindows, providing separatedisplayedim-

agebuffers whereneededn the hierarchyis sufficient.

Translucenwindows mustbeblendedogetheto bedis-
played. For windows not usinga true color visual, the
pixel valuesmustbe corvertedto color values,blended
togetherthencorvertedbackto pixel valuesandstored
in the displayedimagebuffer of an appropriatdformat.
The semanticdor this corversionaredescribedn detail
by the Renderingextension.

8 X Transucent Window Extension

The X TranslucenWindow Extensionexposesseman-
tics for window transluceng to applications,allowing

themto manipulatethe compositionof window datato

thescreenThe TranslucenwWindow Extensionusesthe
Renderingextensioncompositingprimitive with afixed

OVER operator

Cresult = (Cimage IN Crask) OVER Cieg it

This single operatorcombinesthe maskingof the “in”
operatorwith the blendingof the “over” operator The

Plan9 window systenmuseghis primitivefor all graphics
operations.Blinn suggestghat for imagecomposition,
the OVER operatoris sufficient for nearlyevery opera-
tion. This extendedprimitive incorporateghe ability to

rendergeometricobjects, text andimageswith external
alphachannelswith a singlesimpleoperation.

8.1 Embedded Alpha Values

To allow applicationsto control opacity while render
ing, pixel valuesmustmapto opacity values. Overlay
hardwarefrequentlyusesspecialpixel valuesbutis usu-
ally limited to eithertransparenbr opaquepixels. A
more generalsolution associates deeperalphavalue
with eachpixel allowing it to berenderedalongwith the
pixel values.

The RenderingExtensiondescribespixel formats in-
cluding alpha; thoseresultingalphavaluesmay be di-
rectly usedaswindow opacity valueswhenthatis ap-
propriate. For visualswithout embeddedilphavalues,
an external pixmap will containthe alphavalues. For
windowswithoutembeddedr separatalphavaluesthe
extensionusesa constantlphavalueof 1.

8.2 External Opacity Control

This operationsis frequently usedto take an existing
window andblendit over the screen. Menus, cursors
anddialogsareexampleswhereaccesgo underlyingin-
formationis desiredevenwhenthe dialog may occlude
thatinformation. The essentiatequirements for a sep-
aratealphachannelthat cancausethe window contents
to go from opaqueto transparentvithout changingthe
contentf thewindow. The“mask” operandn thePlan
9 primitive providessuchcontrol.

The Renderingextensionallows thatmaskto be “tiled”
overthe operationyepeatinghemaskin bothdirections
to coverthe area.By creatinga 1x1 mask,theresulting
singlevaluecontrolsthe blendingof the entirewindow.

9 Directions

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



tationto be completedwhich may affect that specifica-
tion.

The sener windowing infrastructureneedsto be modi-

fied to supporttranslucenwindows. Thereare several

otherpotentialenhancement® the X Window System
whichwould beableto take advantageof thesearchitec-
tural changesAmongthemareanimprovedsase-under
systemamechanisnfor changinghehardwareacceler

atedvisualson eachscreenchangeso thebackingstore
systemandtranslucenmulti-color cursors.

Finally, the TranslucentWindow Extension protocol
must be formally definedand implemented. With the
architecturalnfrastructuren place this shouldbearel-
atively smalleffort.

10 Conclusion

Imagecompositingormsthebasisof mary moderrren-
deringsystemsfrom PostScrippndPDFto GL andthe
Quartzwindowing system.Extendingthe X windowing
semanticgo allow for window-level compositingpro-
videsa powerful new tool for applicationdevelopment.
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