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ABSTRACT
This paperdescribesa new techniquefor transferringdata
betweencomputers,the synchronized clipboard. Multiple
computerscan sharea synchronizedclipboardfor all clip-
boardoperations,so that datacopiedto the clipboardfrom
one computer, using the standardCopy command,can be
pasteddirectlyonanothercomputerusingthestandardPaste
command. Synchronizedclipboardsare well-suited for a
single usermoving dataamongseveral computersin close
proximity. We describean implementationof synchronized
clipboardsthat works acrossa wide rangeof existing sys-
tems,including3ComPalmPilots,Microsoft Windows PCs,
Unix workstations,and other Java-capableplatforms. Our
implementationaddsno noticeableoverheadto local copy
andpasteoperations.
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INTRODUCTION
As computingdevicesproliferate,andmoreusersown and
usemultiple computers– suchas desktopcomputers,lap-
tops,andpersonaldigital assistants(PDAs) – theproblemof
moving dataamongone’s own computersbecomesincreas-
ingly important. This paperdescribesa new techniquefor
datatransfer, the synchronized clipboard. A synchronized
clipboardensuresthat the clipboardsof two or more con-
nectedcomputersarealwaysidentical. With this technique,
datacan be moved betweendifferent computersusing the
familiar copy-and-pastemodel: selectan item on onecom-
puter, copy it to theclipboard(usingthestandardCopy com-
mandavailablein mostapplications),thenturn to the other
computerandpastethe item (usingthestandardPastecom-
mand).

In our model, eachuserhasa personal“clipboard group”
consistingof thecomputersontheirdesks(andin theirpock-
ets), which all sharea synchronizedclipboard. The clip-
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boardgroup is currently configuredby hand,but personal
wirelessnetworkssuchasBlueTooth [1] mayeventuallyal-
low automaticgroupconfigurationbasedon physicalprox-
imity. Othercomputersmay temporarilyjoin the clipboard
group,for instanceif visitorswantto carryawaydataontheir
portablecomputers.Two usersshouldnot sharea synchro-
nized clipboardfor long, however, becausetheir clipboard
operationswould interfere.Furthermore,clipboardcontents
are hiddenstate,so copieddatamust be pastedbeforethe
userforgetsaboutit. A synchronizedclipboardmakessense
for a singleusertransferringdatabetweencomputerson the
samedesk,but not betweena computerat work andanother
at home.

Existing “network clipboard” programs(suchas the Clip-
Book Viewer includedin Microsoft Windows) allow a com-
puter’sclipboardto besharedacrossthenetwork, but do not
provideautomaticsynchronization.Asaresult,atsomepoint
duringa copy-and-pasteoperation,theseprogramsmustask
the userfor the nameof the othercomputer. The synchro-
nizedclipboardomits this step. Onceconfigured,the syn-
chronizedclipboardis invisible to theuser.

The restof this paperdescribesthe synchronizedclipboard
implementationwe have built, which hastwo components.
Onecomponentsynchronizestheclipboardsof oneor more
PalmPilotswith a Windows PC.The othercomponentsyn-
chronizestheclipboardsof Java-capablecomputers(suchas
WindowsPCsandUnix workstations)acrossanetwork.

SYNCHRONIZING PDA AND PC CLIPBOARDS
The 3ComPalmPilot alreadysupportsdatasynchronization
with aPCthroughHotSync,but HotSyncis inconvenientfor
moving a small pieceof text, suchasan email addressor a
URL. Forming a HotSyncpartnershipalsotransfersprivate
information to the PC, which is undesirablefor temporary
interactionswith otherusers’computers.

Weimplementedsynchronizedclipboardsupportfor PalmPi-
lots as a Hackmaster“hack” [2] that interceptsclipboard-
relatedsystemtrapson the PalmPilot andredirectsthemto
the PC clipboard(currentlyby a serialcable,eventuallyby
wirelessinfrared). Sincethe PC clipboard is the synchro-
nizedclipboard,copy-and-pasteoperationson thePCdo not
needto be interceptedor modifiedin any way. ThePalmPi-
lot clipboardonly supportscopying andpastingtext, so the



synchronizedversionof it is similarly limited.

ThePalmPilot’sclipboardgroupis configuredautomatically,
simplyby connectingor disconnectingit from thePC.Every
copy or pasteoperationon the Pilot triggersan attemptto
contactthePC.If thePCis connectedandresponding,then
the PC clipboardis usedfor the operation. If the PC does
not respondwithin a brief (unnoticeable)timeout, then the
Pilot assumesit is disconnectedandusesits own clipboard
instead.Whena copy or pastesuccessfullycontactsthePC,
a beepinformstheuserthata remotetransferhasoccurred.

OurPalmPilotsynchronizedclipboard,releasedto thepublic
underthenameRemote Clip Hack, is oneof a family of ap-
plicationsdevelopedby thePebblesproject[3]. Along with
the otherPebblesapplications,RemoteClip Hack hasbeen
downloadedover12,000timesin recentmonthsandhasgen-
eratedstrongpositive feedbackfrom users.

SYNCHRONIZING CLIPBOARDS ACROSS A NETWORK

Basedon our favorableexperiencewith synchronizedclip-
boardson the PalmPilot, we built Remote Clip, a proto-
typesystemfor synchronizingclipboardsacrossthenetwork.
Writtenin Java1.1,RemoteClip usesJava’sRemoteMethod
Invocation(RMI) to communicatewith its peersacrossthe
network. In our prototype,a clipboardgroup is configured
manuallyby runningRemoteClip on every machinein the
groupandspecifyingthehostnamesof theothergroupmem-
bersin a setupdialog.

Unlike the PalmPilot system, which usesa client-server
architecturecenteredon the PC’s clipboard, the Remote
Clip systemis peer-to-peer. The synchronizedclipboardis
“owned” by the machinewherethe mostrecentcopy oper-
ationoccurred.Whena copy operationoccurson computer
A, for example,A notifiestheothermembersof its clipboard
group that it is taking ownershipof the synchronizedclip-
board.If a pasteoperationsubsequentlyoccurson computer
B, thenB satisfiesthepasteby retrieving theclipboardcon-
tentsfrom A. Notethatno clipboarddatais transferreduntil
a remotepasteactuallyoccurs,so the clipboardowner can
changethe clipboardcontentsrepeatedlywithout notifying
othergroupmembers.Thus,a sequenceof local copiesand
pastes(thecommoncase)proceedsat full speedwithoutany
network traffic.

In addition to text, RemoteClip can transferfiles and di-
rectories,packingtheminto a ZIP archive that is unpacked
automaticallyby the receiver. On Microsoft Windows, Re-
moteClip usesnative codeto copy andpastefiles directly
in the Windows file browser. On otherplatforms,userscan
copy andpastefiles usingeithera GUI (file-selectiondialog
boxes)or command-lineprograms(rcopy andrpaste).

A numberof desirablefeaturesarenot yet supportedby the
prototype,including authentication,encryption,and richer
dataformats(like pictures).

RELATED WORK
Pick-and-drop[4] enablesdatatransferbetweenpen-based
computersby “picking up” anitem from onecomputerwith
a penand“dropping” it on another. Hyperdragging[5] ex-
tendsthereachof drag-and-drop(usingacomputer’sbuilt-in
pointing device) acrossmachineboundariesto other com-
puterson an augmentedtabletop. Pick-and-dropand hy-
perdraggingrequirespecializedhardwareor augmenteden-
vironments,whereassynchronizedclipboardscanbe imple-
mentedon a wide rangeof currentandfuturehardwareand
softwaresystems.Theonly systemrequirementsarea clip-
boardanda network connection.

Several programscan shareclipboarddataacrossthe net-
work, suchas the ClipBook Viewer includedin Windows,
but nonesynchronizetheclipboardsdirectly.

CONCLUSION
Synchronizedclipboardsextend the copy-and-pastemodel,
alreadyfamiliar to usersfor datatransferbetweenapplica-
tions,to allow seamlessdatatransferbetweencomputers.
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