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Abstract

The X Window Systemprotocol,Versionll, wasdelib-
eratelydesignedo beextensible to providefor bothan-
ticipatedandunanticipatedheeds.The X11 coredid not
anticipatethat the propertiesof X sener screensmight
needto changedynamically as occursfrequentlywith
desktops,laptopsand hand held computersnot ervi-
sionedin the 198051

TheResizeandRotateextension(RandR)is averysmall
X extensiondesignedo allow clientsto modify thesize,
acceleratedisualsandrotationof an X screen.RandR
also hasprovisionsfor informing clientswhen screens
have beenresizedor rotatedandit allows clientsto dis-
cover which visuals have hardware acceleratioravail-
able.

RandRneedgo be discussedn concertwith recentde-
velopmentsin X sener implementationand the new
Renderextensionto understandhe implicationsof the
aggrejate. In isolation,RandRseemgo provide a lim-
ited but usefulimprovementbut togethemwith the Ren-
derextensionandreimplementatiorf the X senerren-
deringcode,RandRprovidespart of a key changen X
Window Systemcapabilities. We believe this will en-
able much easiermigration and replicationof applica-
tions betweenX senersfor penasive computing. This
paperalsodescribeghis vision.

1This paperfirst publishedin Proceedingsf the 2001 UsenixAn-
nual TechnicalConference

1 Intr oduction

TheX Window Systen]SG97 extensionframenork has
seneduswell, allowing significantextensiongo the X

designoverthelast 14 years.This extensionframework
hasencouragedhew functionality to be introduced,and
hasencapsulatedptionalfunctionality permittingclean
non-uniersaldeployment. Probablymoreimportantly,

the extensionframework hasisolated“bad” ideasfrom

the coreX functionality allowing their eventualatrophy
into irrelevance.?

At thetime X11 wasdesignedwe did notanticipatethat
the propertiesof X sener screensnight needto change
dynamically However, this routinely occurstodaywith
laptops,andhandheldcomputers.

Even most current desktop systemsshare this need.
As thereis usually a significantperformanceand dis-

play memory tradeof betweenscreenresolutionand
depthstheability to changeadisplaycharacteristicsvith-

outrestartingyour X sessioris neededyy generalusers
(particularlygamers).

Laptopsand handheldcomputersneedto changetheir
screensize to drive external monitorsat different res-
olutions than their built in screens. Permitting these
portabledevicesto rotatetheir display providesfor bet-
ter use of screenreal-estatan applicationsthat prefer
displayswith the rotatedaspectratio. It is corvenient
to flip a laptop sidevays when readingdocumentsn-

tendedfor paperpresentation—thespectration more
closelymatcheghedocumenteaving lesswastedspace.
Projectorsusingmirror systemsnayfind flipped and/or
rotatedscreenssery useful. From the applicationsper

2E.g. PEX, XIE, LBX, alongwith wide linesandarcsin the core
protocol. ..



spectve, rotating the screenis essentiallythe sameas
changingthescreersize.

We expectthat mostapplicationscanremainrelatively

oblivious to screensize changesthoughsimple modi-

ficationsmay be requiredin toolkits andwindow man-
agers.Theonly realchallengewhich screersizechange
presentgo mostapplicationsis in ensuringthat menus
stayvisible on the screen.Menusareanimportantspe-
cial caseasthey aretypically the only userinterfaceel-

ementsnot managedy thewindow manager Applica-

tionsmustremaininformedaboutthe size of the screen
to ensurethat menusdo not extend beyond the bound-
ariesof the screenmaking portionsinaccessiblgo the

user As menusaregenerallyprovidedby toolkits, rather
thandirectly by applicationssimplechangeswithin the

toolkits should resohe theseproblems. Toolkits may
alsowish to take advantageof acceleratiorinformation
providedby RandRto maximizeperformance.

1.1 Rendering

The true physical “depth” of a display’s frame buffer
may needto changeto either supportdifferent screen
resolutiongdueto limitationsin thesizeof displaymem-
ory or for performance. Since applicationscurrently
have a staticview of visualtypesavailableon a sener,
and changingvisuals dynamically would likely break
too mary applications the visualsadwertisedby the X
senerwill notchangevhenframebuffer depthchanges:
instead therenderingof the screermay needto change
from hardwareacceleratedenderingto software.

A key enablerof this extensionis the adwent of soft-
ware frame buffer renderingcode (called “fb”, to dis-
tinguishedt from the “mfb” and“cfb” implementations
usedin older X sener implementations}hat can sup-
portall depthssimultaneouslywhile beingdramatically
more compactand asfast or fasterthanthe old frame
buffer codeon currentprocessors)Recentmachinesre
fastenoughfor this to provide an adequatdevel of per
formancefor all but themostperformanceritical appli-
cations.

The Render extension enablesarbitrary corversions
amongpixel formatsallowing, for example,the display
of 24 bit RGB dataon a 16 bit display RandRneeds
this to corvertall pixel formatsto onesupportecoy the
displayhardware.

RandRpermitsthelist of visualsthatareacceleratedy
the hardwareto changeon the fly. Toolkits and/oroc-

casionallyclients may want to follow this information
anddynamicallyselectwhich visualis beingused.This
extensioncaninform clientswhensuchchange®ccut

2 Migration and Replication

Migration takes an existing running application and
transferst’ sdisplayto anothedevice. Replicationtakes
thatsameapplicationandduplicatest’s output(andin-
put) on multiple devices.

2.1 Motivation

We believe the ability to migrateapplicationsbetween
X senersis a critical componentor thevision of pena-
sive computing: applicationsshouldbe ableto migrate
betweendisplaysroutinely as usersmove and interact
with handhelddesktop applianceandprojectorscreens
in the globalinternetervironment. Additionally, appli-
cationsshouldbe ableto survive thelossof their sener
connection.At somefuture time they shouldreconnect
to eitherthe sameor otherdevice.

For example,you shouldbe able to tell an application
running on your handheldcomputerto use a nearby
desktopdisplay keyboardandmouse,or a projectoron
thewall. This shouldnot requirestoppingand starting
the application. You shouldbe able to go home, and
decideto import applicationsyou left runningat work.
Thereare obviously security authenticatiorand autho-
rization problemsleft to work out, but theseare gener
ally independentf the basewindow system.

2.2 Difficulties Migrating X Applications

Migration andreplicationhave traditionally beendiffi-
cultin X dueanumberof interrelatedactors:

e pseudocolodisplays- Therewasno guarante¢hat
the color you neededor even an approximationof
it would be availableon thedestinatiorsener.

e pixmap depths- seners have typically only sup-
ported a few of the permitted possible pixmap
depths; the software frame buffer code typically
only supportedL, 8 and32 bit displays,andwould
not be presentf the sener did not have the capa-
bility to beusedatthatdepth.



o framebuffer depth- lack of any capabilityto emu-
late non-natve framebuffer formats.

Thesetakentogethemmeantthatapplicationsandtoolk-
its hadto be carefully written to survive migration or
replication,andthatapplicationson mostcommontook-
its could not migrateat all. Retrofittingthetoolkits was
very difficult afterwardsdueto theseissues.Sener re-
sourceqe.g. pixmaps)might needrecomputatiorio al-
ternatedepths,and applicationsoften dependon par
ticular visualtypesbe availablethroughouttheir execu-
tion. Pixel valuesdo not easilymapbetweersenersfor
pseudocolowisualtypes,andarenot even presentwith
pixmapswhich do not have inherentcolor information.

While migration of applicationshetweenX senershas
always possiblein X, it was so difficult that unless
prior thoughtwere taken both toolkits and applications
it would notoccut In practiceit is extremelyrare,since
toolkit writers did not think it important(at leastat the
beginningof their projects).

As aresult,in practice,migrationandreplicationhasat
besthappenedarely and hasbeenfraught with prob-
lems. Only a few researcttoolkits like Trestle[MN91]

have beenbuilt with thesecapabilities,and the retrofit
into existing toolkits would have beenso difficult asto

beimpossible.In ouropinion,thisproblemhasbeenone
of themostpainful limitationsin X11 protocol'sdesign.
Only alimited numberof applicationdhave beenmigrat-
able and replicable,for example, GNU/emacgSta0Q

usingthe obscure'make-frame-on-displayfunction.

Proxy sener approachegGWY94] cameclosestto a
generalsolution, but have seriousdrawvbacks. For best
performanceapplicationsshouldbe communicatingi-
rectlywith the X senerwithoutaproxy. Theproxy must
reformatmuch of the X protocoltraffic and even still,
ensuringthat the result remainscompliantwith the X
protocolspecificationis quite difficult. Evenwith these
difficulties, proxy senersremainuseful.

Anotherproblemis the large variationof displaysizes,
applicationghatfit easilyonadesktopscreermaynotfit
onahandheldr appliancescreen.This problemhasin-
tensifiedoverthelast10yearsasX senershave beende-
ployedon progressiely smallerplatforms.Proxysener
basedreplicationcan't make applicationsadaptto this
changepnly toolkit basedsolutionscan. Replicatedap-
plicationsarethe basisof importantrealtime collabora-
tive applicationsandthis ability shouldspanhandhelds,
desktopsandlargerdisplays.

2.3 Promoting Toolkit Level Migration and
Replication

Thebestsolutionis for applicationsandtoolkits to sup-
port migration and replicationthemseles. Making it

easyfor existing toolkit implementergo implementmi-

grationandreplicationis key to migrationandreplica-
tion becomingubiquitous. The solutionswe have out-

lined provide for moreuniformity amongthecapabilities
of differentX seners. Thisincreasediniformity should
simplify the implementationof migration and replica-
tion in existing toolkits and applicationsthat were not
designedo copewith multiple disparateX seners.

It hastakenmorethanfive yearslongerfor pseudocolor
to phaseout than we had anticipated. Insteadof in-
creasingn capability displayhardwarearchitecturere-
mainedrelatively constanwhile costsreduceddramati-
cally. Fortunatelymostdesktopervironmentsarefinally
regularly runningin truecolormode. Very few applica-
tions now requirepseudocolowvisual typesto function,
whereaspseudocolomwas was dominant10 yearsago.
The dominantapplicationsthat peoplecare aboutnow
work with fixed color maps. The lack of pseudocolor
displayssimplifiesthetranslatioramongcolorrepresen-
tations.

Additionally, the Renderextensionmoves applications
towardamoreabstractepresentatioof color, pixel val-

uesbecomemuchlessimportantas applicationsfocus
on colorwhile theextensionautomaticallytranslatede-

tweenthevariousrepresentationsf thedata.

Modern toolkits like GTK+ 2.0 and Qt [Dal01] now
isolateapplicationsentirely from visual representations
from X, andshouldbecomemucheasierto adaptto en-
able sener migration and replication. This would en-
ableall new X applicationsto be usedin a fundamen-
tally more interestingfashion. Even applicationsen-
tirely basedon Xt basedwidgetsor othertoolkit should
be so migratablewith somework, aswe have carefully
avoidedyviolating the invariantsfound in mostapplica-
tionswe areawareof. We stronglyadwocatethe toolkit
work to completethis vision.

RandRitself only providesa small part of the solution
(the ability to determinewhich visualsare accelerated
afterachangesvent). Thedeploymentof theRandRand
theRendemextensionsn concertwith “fb”, butmoreim-
portantlythe internalX senerimplementatiorrequired
to supportthemresultsin X senersoffering all pixmap
depths.With the phaseout of pseudocolowrisualtypes,
this shoulddramaticallyreducethe variability of sener



configurationencounteredy toolkits. Ratherthanfew

if any senerssupportingall depthsall senerswill even-

tually supportall depths. So we expectto seea great
increasein uniformity betweenX sener implementa-
tionsasthesesenersdeploy, greatlyeasingheproblems
facedby toolkit implementersSeethe sectionbelov on

Senerimplementatiorfor details.

As of thetime of this writing, we have notdemonstrated
applicationmigrationusingthesefacilities. We planto
dososoon.

3 Description

Clientscanselectfor RRScreenChangeventsto bein-
formedif certainpropertiesof a screerhave changed.

The root depth, visual and colormap cannot change
whena screenis reconfiguredo avoid confusingnaive
clients.Insteadthe X senermayre-rendeontoadiffer-
ent depthof framehuffer, andthereforethe visualsthat
can be acceleratedby hardware may change. Clients
may thereforewish to be informedwhenthesechanges
occur, andselectothervisualsfor rendering.

Any sener supportingthis extensionwill not list the
samevisualid atmorethanonedepth.Thisis to make a
visualid uniquelyidentify adepth.

The core protocol allows the samevisual ID to be re-

portedfor multiple screensput asthe sampleX sener

implementatiordoesnot do soandasthereis no change
in functionality by making this restriction, the RandR
extensiongainsquiteabit of simplicity by enforcingthis

restriction.

Supposea non-RandR-a&areclient hasa window on a
non-defultdepth24 visual, andis switchedto a higher
resolution,wheredepth24 is not supported.How can
thiswork?

In this and similar casesthe window will be rendered
using software and updatedasynchronouslyo the dis-
play using the Renderextensioncapabilitiesfor blting
betweerdepths Notethatyour performancenaysufer,
althoughexperiencewith the shadev frame buffer im-
plementationin the XFree86sener shavs thatthe hit is
not asbad asyou might think; the real frame buffer is
never beingread,only written.

For simplicity, RandRusesthe “acceleration’Boolean

value instead of the more comple integer for vi-
sual quality that the Double Buffer Extension[EW94]
uses.Applicationswill searchfor “acceleratedisuals
which meettheir requirementsvith the assumptiorthat
non-acceleratedisualswill be implementedusing the
methoddescribedabove.

4 Implementation

During the implementationof RandRwithin XFree86,
severaldistinctissuemneededhddressing:

e Multiple Depths. RandRrequiresthatall possible
depthsheavailableall of thetime.

e Rotation. As hardware doesnt normally support
this, softwarewill have to rotateall rasterization.

¢ Size and Depth Changing. Changingthe size re-
quiresrecomputatiorof window clip lists, chang-
ing the depth requiresreprogrammingthe hard-
ware.

Each was managedwithout significant nev code by
taking advantageof recentadwancementswithin the
XFree86distribution.

4.1 Supporting Additional Depths

Becauseof the pixel-valueorientedrasterizatiormodel
in the core X protocol, the X sener is essentiallyre-
quiredto renderusingpreciselythesamepixel formatas
is adwertisedto applications.This impliesthatwhenthe
hardwareframebuffer formatdoesnot matchthevisual,
thesener muststorethe pixelsoff screenn theiradver
tisedformat. This ensureghatrasteroperationghat di-
rectly manipulatepixel valuesoperatecorrectlyandthat
applicationscancontinueto useGetimageandretrieve
preciselytheright values.

This is implementedusing the XFree86shadav frame
buffer code. The shadev frame buffer codewas origi-
nally designedo allow simpleX sener portingto frame
buffersusingaformatnot supportedy theframebuffer
code.lt workshy creatingavirtual framebuffer in appli-
cationmemory All renderingoperationsaredirectedto
this virtual frame buffer andthe areasaffectedby these
operationsaretracked by the shadev framebuffer code.
The hardware frame buffer is periodically updatedby
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Figurel: Shadev FrameBuffer Operation

copying datafrom the shadev frame buffer as seenin
Figurel.

The shadev frame buffer replaceshe needfor a com-

pleterenderingimplementatiorwith a simple copy op-

erationfrom the virtual frame buffer to the hardware.
While renderingwithin thetheshadaev framebuffer can-
notbeaccelerateavith thevideohardware,thefactthat

theframebuffer livesin regularmemoryandnot across
a PCl or AGP bus meansthat performances generally
acceptable.Becausedamagedegions are batchedto-

getherduringperiodicupdatesthe bandwidthof thebus

doesnt significantlyimpactoverall performance.

RandRtakesthis shadev frame buffer implementation
andcreatesvirtual framebuffer for eachdepthnotsup-
portedby the hardware. As seenin Figure 2, copying

the datafrom the virtual frame buffer to the hardware
involvescorverting the format of the datato matchthe

hardware, but as the original pixel dataare presered

in the shadav frame buffer, the displayremainscorrect
evenin the presenceof complicatedrasteroperations.
Depthssupportedy the hardwareremainimplemented
directly on the hardware with no intermediateshadev

frame buffer. While this architecturecould usethe ad-

ditional frame buffers to eliminatesomewindow dam-

age thecurrentimplementatiordoesnt performthis op-

timization.

Usingtheshadaev framebufferin thisway presumeshat
theX senercanalreadyrenderto thenecessarjormats.
Onerecentadditionto the XFree86X seneris “fb”, a
new implementationof simple frame buffer rendering

32bpp physical

16 bpp shadow

AVAY
SN

b4

L

32 bit window
Root

8bpp shadow

Figure2: SupportingMultiple Depths

code. By taking advantageof changesn the relation-
ship betweenCPU and memoryperformancefb packs
supportfor all X pixel sizesinto a single implementa-
tion. This permitsevery X sener to supportall pixel

sizeswithoutary effort, somethingvhich hadbeenquite

difficult in the past. RandRtakes advantageof this to

provide simultaneousupportfor all of the displayable
pixel sizes.

Displaying the contentsof theseshadev frame buffers
involvescorwvertingthe pixel valuesfrom oneformatto
anotherformat while preservingthe RGB values. The
Renderextensionalready provides this capability; all
operationsvithin thatextensionaccepioperandsn arbi-
trary formats.RandRtakesadwantageof this functional-
ity to performthe formatcorversionwhenupdatingthe
hardware frame buffer with the contentsof the virtual
framebuffersin.

4.2 Rotating the Screen

As hardwaredoesnt generallysupportchangingthe or-
derthatpixelsarereadout of memorywhengenerating
the screerimage,rotatingthe screeninvolveschanging
the softwareto rotatetheimagewithin the framebuffer.

There are two possibleimplementationsfor this; the
most obvious is to rotateall of the renderingrequests
directedat the screen. This turns out to be somevhat
complicatedas there are mary operationsthat involve



interactionsbetweenthe screenand off-screendataand
eachonemustrotatethe data.

While this may eventuallybe implementedthe current
RandRimplementationusesthe shadav frame buffer
codeasdescribedabove to keepa copy of thescreenn

“normal” format; updatego the hardwareframe buffer
rotatethe imageto orientthe view correctly This im-

plementatiorcauses slight lossof performanceasno
renderingis acceleratedand also usesadditionalmain
memoryfor a copy of theframebufffer.

4.3 Changingthe ScreenSizeand Depth

Theinitial implementatiorfor RandRhasbeendoneus-
ing theTiny-X architecturavithin the XFree86X sener.
This alternatedriver mechanisnprovidesa minimal X
sener which easedevelopmentof new extensionsin-
volving interactionsbetweerthe device driversandthe
extension.RandRrequiressomesignificantinteractions
to switch screensizesand depths. The intentis to mi-
gratethis architectureinto the core XFree86X sener
whentheinterfaceshave stabilized.

Tiny-X alreadysupportsdynamicallyreconfiguringthe
size and depth of the video hardware; this capability
is exportedto the userby exposingmultiple “screens”
sharingthe samephysicalvideo card. Activatinga new
screerinvolvesdisablingrenderingo theold screenre-
programmingthe video hardware and enablingrender
ing for windows onthe new screen.

Extendingthisto supportRandRis straightforvard: dis-
ablerenderingo thecurrentscreenreprogranthehard-
warefor the new configurationandre-enableendering.
Whenthe depthchangesyirtual frame buffers for the
old hardware depthbecomethe targetsfor renderingat
thosedepths.Thenew depthrecevesdirectaccesso the
hardwarewhile it’ s virtual framebuffer is disposedf.

4.4 X Library Implementation

We ervision Xlib will always selectfor RRScreen-
Changeeventson all screens,andthatit will change
the screenstructureautomaticallywhensucheventsar-

rive. (We will experimentallydeterminef this seemso

confuseclients. By makingthe restrictionthat the de-

fault depthand visual cannotchangewhen a screenis

changedwe believe mostclientswill not needmodifi-

cationto supportscreerchanges.)

We expectthat mostclientsandtoolkits will be oblivi-
ousto changego the screenstucture asthey generally
usethe valuesin the connectiondisplay structuredi-
rectly. By updatingon thefly, we believe pop-upmenus
andotherpopup windowswill positionthemselescor-
rectly in the face of screenconfigurationchangeqthe
issueis ensuringthat pop-upsarevisible on the recon-
figuredscreen).

Advancedtoolkits may wish to usethe facilities of the
extensionto determinewhich visuals are accelerated,
andpossiblychangeto usethem.

5 The RandR Extension

The extensionitself is shortenoughthattheinclusionof

mostof it is worthwhile (we have elidedthe encoding).
The versionin this paperis Version.97,andis not (yet)

a standardof ary kind, andis certainto changebefore
beingfinalized. We expectit is likely someadditional
changemay be requiredaswe gainimplementatiorex-

perience.

The specificationmethodologyfollows that of other X
Window Systemprotocoldesignspecifications.

Thevisualsadwertisedby anX senercanneverchange.
This is to prevent confusionof naive applicationsthat
may presumethat the visual type and depthof the root
is fixedfor all time: insteadthe X senerwill rerender
the windows on a changeddepth, though performance
may be degradedunlessthe client afterwardsselectsa
visual belived to be hardware acceleratedby beingin
thegroupof visualsresidentin the framebuffer).

Notethatmuchof this designis providedto enablehot-
swappingof display cards,which canalreadyoccuron
handheldcomputersusing PCMCIA and may occurin
thefuture on otherbussesOur experienceover X’s his-
tory is thatitemswe thoughtwere statichave often be-
comedynamicastechnologychangesso we designed
RandRwith the presumptiorthatalmostanything about
theX senercouldchange.

5.1 Types

The following typesare usedin the requestand event
definitionsin subsequergections:



ROTATION: {0, 90, 180,270 }. Degrees
clockwise rotation from na-
tive framebuffer orientation

VISUALGROUP: LISTofVISUALID

VISUALGROUPID: CARD16 index into VISU-

ALGROUP

GROUPOfVISUALGROUP:
LISTofVISUALGROUPID

GROUPOofVISUALGROUPID: CARD16 index into
GROUPofVISUALGROUP

SIZE: [width-in-pixels: CARD16
height-in-pixels: CARD16
width-in-mm: CARD16
height-in-mm:CARD16
visual-group-id:
GROUPOofVISUAL-
GROUPID]

SIZEID: CARD16 index into LISTof-

SIZE

5.2 Requests

f RRQueryVersion

clientMajor\ersiort CARD16
clientMinor\érsion CARD16

serverMajor\érsiont CARD16
L serverMinor\érsion CARD16

The version numbersare an escapehatchin casefu-
ture revisions of the protocolare necessary The major
versionmustincrementfor incompatiblechangesand
theminorversionSHOULD incremenfor smallupward
compatiblechangesUnrecognizedequestor extra ar-
gumentsto a requestwithin a major versionMUST be
ignored. Barring changesthe major versionwill be 1,
andtheminor versionwill beO.

A senermaysupportmultiple versionsof theextension:
thereportedversionis the onewhichwill beused.

f RRGetScreenlnfo

window Window

root Window
visual-gioup: LISTofVISUALGROUP

groups-of-visual-goups LISTofGROUPofVISUALGROUP

sizes LISTofSIZE

rotations SETofROTATIONS
size-inde: SIZEID

visual-gioup-inde<: VISUALGROUPID
rotation ROTATION
timestampTIMESTAMP
config-timestampl IMESTAMP

L Errors:Dr awabl e

This requestreturns possible configurationson the
screerassociateavith thespecifieddravablealongwith
the currentconfiguration.

The reply containsthe root window of the screenindi-
catedin the dravableargumentof therequest.

Visual-groupis the list of possiblecombinationsof vi-
sualsthat can be residentin the frame buffer directly
together For eachof thesevisual groups,whenit is
selectedn RRSetScreenConfigpplicationscanexpect
thatany window usingone of the visualsin that group
will beresidenin theframebuffer. Whenresidenin the
framebuffer, colorsonthe screerwill accuratelyreflect
the expectedcolors. Renderingto suchvisualsmay be
acceleratedn hardware and may provide more timely
feedbackor graphicsrequests.

Groups-of-visual-groupgroupvisualgroupstogetheito
describethe variouswaysa framebuffer canhold pixel
values.For example,commonframebufferscansupport
windows of only onedepthatatime. Groups-of-visual-
groupswould thencontaina visualgroupwith all of the
8-bit visuals,avisualgroupwith all of the 16-bitvisuals
anda visual groupwith all of the 24-bit visuals, while
high endhardwaremight be ableto handlethesesimul-
taneouslyin which therewould be a singlegroup.

Sizesis thelist of possibleframebuffer sizes,eachpro-
vide boththe linear physicalsize of the screenandthe
pixel size. Eachsize also containsan index into the
groups-of-visual-groupparameter This allows differ-
entsizesto supportdifferentpossibleframebuffer con-
figurations. For example,a frame buffer with limited
memorymightsupport32-bitwindows only atsizesless
than1152x900pixels; sizesgreaterthanthatwould use
a group-of-visual-graps not containingthe 32-bit visu-



als.

Rotationslists the supportedorientationsof the frame
buffer relative to the naturalscreerorientation.

Moderntoolkits SHOULD useRRScreenChangeSelect-
Inputto be notifiedvia a RRScreenChangeNotifvent,
sothatthey canchangevisual typesand/ordepthsand
likely continueto receive the benefitsof hardwareaccel-
eration.

Size-inde, visual-group-ind& androtationindicatethe
size,visual-groupandrotationcurrentlyin use.

The config-timestampndicateswhen the screencon-
figurationinformationlast changed:requestgo setthe
screenwill fail unlessthe timestampindicatesthat the
informationthe client is usingis up to date,to ensure
clients can be well behared in the faceof race condi-
tions. Similarly, timestampndicateswhenthe configu-
rationwaslastset,andmustbothmustbeupto datein a
call to RRSetScreenConfigr it to succeed.

’7 RRSetSceenConfig

draw:. DRAWABLE

size-inde: SIZEID

visual-goup-inde: VISUALGROUPID
rotation ROTATION
timestampTIMESTAMP
config-timestampT IMESTAMP

new-timestampTIMESTAMP
config-timestampl IMESTAMP
successBOOL

root WINDOW

Errors:Val ue, Dr awabl e

L

If the timestampin this requestis lessthan the time
whenthe configuratiorwaslast successfullyset,there-
guestis ignored and Falsereturnedin success.If the
config-timestampn this requestis not equalto when
the sener’s screenconfigurationdast changedthe re-
guestis ignored and False returnedin success. This
could occurif the screenchangedsinceyou last made
aRRGetScreenInfeequestperhapdy adifferentpiece
of displayhardwarebeinginstalled..Ratherthanallow-
ing anincorrectcall to be executedbasedon staledata,
thesenerwill ignoretherequest.

If the requestsucceedsthis requestsetsthe screento
the specifiedsizeandsetsthe active visualgroupto that
specifiedby visual-group-ind&, andthe rotationto the

specifiedrotation. If the requestssucceedsthe new-
time-stampis returnedcontainingthe time when the
screerconfigurationrwaschangedindconfig-timestamp
is returnedto indicatewhenthe possiblescreenconfig-
urationswere last changedand successs setto True.
The root window for the screenindicatedby the draw-
ableargumentis alsoreturned.

Bad\alueerrorsaregeneratedf therotationis notanal-
lowedrotation. BadValueerrorsaregeneratedif, when
the timestampswould allow the operationto succeed,
the visual-group-ind& or size-inde are not possible
(outof range).

f RRScreenChangeSelectinput

window WINDOW
enable BOOL

Errors:Val ue, W ndow

L

Requests that RRScreenChangeevents of screen
changesf the screenassociatedvith the dravable be
deliveredto the specifiedwindow. (whew!)

Clientsmaythenchooseto createnew resource®r use
othervisualsthat have hardware acceleratioravailable
thattake advantageof the new screerconfiguration.

5.3 Events

To reconfigurethe root window, usethe RRSetScreen
requestdefinedabove.

f RRScreenChangeNotify

root WINDOW

size-inde: SIZEID

visual-gioup-inde<: VISUALGROUPID
rotation: ROTATION

resident BOOL

config-timestampl IMESTAMP
timestampTIMESTAMP

new-width-in-pixels hew-height-in-pixelsCARD16

new-width-in-mmpew-height-in-mmCARD16

L

This eventis deliveredto clients selectingfor notifica-
tion with RRScreenChangeSelectinpatuests.

This eventis deliveredto clients selectingfor naotifica-
tion with RRScreenChangeSelectinp8tze-inde indi-
cateswhich sizeis active. Visual-group-indg indicates



the currentvisualgroup. Theresidentbooleanindicates
if the selectedvindow’s visualis in a group of visuals
residentn theframebuffer (andtherefordikely to have
the benefitsof hardwareacceleration).

This eventis sentwhenever the screers visual group
is changed,or if a new screenconfigurationbecomes
available that was not available in the past. In this
case (config-timestampin the event not being equal
to the config-timestampreturnedin the last call to
RRGetScreenInfo}heclient MUST call RRGetScreen-
Info to updateits view of possiblescreerconfigurations
to have a correctview of possiblescreenorganizations.
Timestamps setto whentheactive screerconfiguration
waschanged.

This call alsoreturnsthe sizein pixelsandmillimeters
of the screenandthe root window of the screerwhich
haschanged.

6 History and Status

This extension has been designed and significant
external review input incorporated. A prototype
implementation is functioning in the TinyX X
implementation.[CP(1

7 Future Work

The XAA [VF0Q] implementationof the full XFree86
will needextensionto fully supportthis protocolexten-
sion, prototypedn the TinyX framework.

Toolkitswill needupdatingto supportRandRto take ad-
vantageof acceleratedisualtypeinformationto ensure
highestpossibleperformance.

Window managersvill needto supporthis extensionto
layoutthe screerin somefashionwhenthesizechanges
to ensureapplicationsareappropriatelyvisible.

There are very entertaininguser interface possibilities
for moving applicationsbetweenscreens particularly
once systemsbecomeaware of resourcesavailable in

theirnearbyernvironment.A free,off thewall (or maybe
on the wall), ideamight be givena handheldcomputer
with accelerometersuchas ltsy[HWV*01] you might
almostliterally throw windows from one screento an-

other Otherhacksareleft to the bizarrenatureof your
own imagination.
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