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ABSTRACT

This paperdescribesa new techniquefor transferringdata
betweencomputers,the synchronized clipboard. Multiple

computerscan sharea synchronizedclipboardfor all clip-

boardoperationsso that datacopiedto the clipboardfrom

one computery using the standardCopy command,can be

pastediirectly on anothercomputerusingthe standardPaste
command. Synchronizedclipboardsare well-suited for a

single usermoving dataamongsereral computersin close
proximity. We describean implementatiorof synchronized
clipboardsthat works acrossa wide rangeof existing sys-

tems,including 3ComPalmPilots,Microsoft Windows PCs,
Unix workstations,and other Java-capableplatforms. Our

implementationaddsno noticeableoverheadto local copy

andpasteoperations.
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INTRODUCTION

As computingdevices proliferate,and more usersown and
use multiple computers— such as desktopcomputers|ap-
tops,andpersonatigital assistant$P DAs) — the problemof
moving dataamongone’s own computerdbecomesncreas-
ingly important. This paperdescribesa hew techniquefor
datatransfer the synchronized clipboard. A synchronized
clipboard ensureshat the clipboardsof two or more con-
nectedcomputersarealwaysidentical. With this technique,
datacan be moved betweendifferent computersusing the
familiar copy-and-pastenodel: selectan item on onecom-
putet, copy it to theclipboard(usingthe standardCopy com-
mandavailablein mostapplications)thenturn to the other
computerandpastethe item (usingthe standardPastecom-
mand).

In our model, eachuserhasa personal‘clipboard group”
consistingof thecomputerontheirdeskgandin their pock-
ets), which all sharea synchronizecclipboard. The clip-
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boardgroupis currently configuredby hand, but personal
wirelessnetworks suchasBlueTooth[1] may eventuallyal-

low automaticgroup configurationbasedon physicalprox-

imity. Othercomputersmay temporarilyjoin the clipboard
group,for instancef visitorswantto carryaway dataontheir

portablecomputers.Two usersshouldnot sharea synchro-
nized clipboardfor long, however, becauseheir clipboard
operationswvould interfere. Furthermoreclipboardcontents
are hiddenstate,so copieddatamustbe pastedbeforethe

userforgetsaboutit. A synchronizedtlipboardmakessense
for a singleusertransferringdatabetweencomputerson the

samedesk,but not betweena computerat work andanother
athome.

Existing “network clipboard” programs(suchas the Clip-
Book Viewer includedin Microsoft Windows) allow a com-
puter’s clipboardto be sharedacrosshe network, but do not
provideautomaticsynchronizationAs aresult,atsomepoint
duringa copy-and-past®peration theseprogramamustask
the userfor the nameof the othercomputer The synchro-
nized clipboard omits this step. Onceconfigured,the syn-
chronizedclipboardis invisible to theuser

The restof this paperdescribeshe synchronizectlipboard
implementatiorwe have built, which hastwo components.
Onecomponensynchronizeshe clipboardsof oneor more
PalmPilotswith a Windows PC. The other componentsyn-
chronizeghe clipboardsof Java-capableomputergsuchas
Windows PCsandUnix workstationsacrossa network.

SYNCHRONIZING PDA AND PC CLIPBOARDS

The 3ComPalmPilot alreadysupportsdatasynchronization
with a PCthroughHotSync,but HotSyncis incorvenientfor
moving a small pieceof text, suchasanemailaddresor a
URL. Forming a HotSyncpartnershipalsotransfersprivate
information to the PC, which is undesirablefor temporary
interactionswith otherusers’computers.

Weimplementedynchronizedlipboardsupporfor PalmPi-
lots as a Hackmaster‘hack” [2] that interceptsclipboard-
relatedsystemtrapson the PalmPilot andredirectsthemto
the PC clipboard(currently by a serial cable,eventually by
wirelessinfrared). Sincethe PC clipboardis the synchro-
nizedclipboard,copy-and-past@perationsn the PCdo not
needto beinterceptecbr modifiedin ary way. The PaimPi-
lot clipboardonly supportscopying andpastingtext, sothe



synchronizedrersionof it is similarly limited.

ThePalmPilot’s clipboardgroupis configuredautomatically
simply by connectingor disconnectingt from the PC.Every
copy or pasteoperationon the Pilot triggersan attemptto
contactthe PC. If the PCis connectedcandrespondingthen
the PC clipboardis usedfor the operation. If the PC does
not respondwithin a brief (unnoticeable}Yimeout, thenthe
Pilot assumedt is disconnectednd usesits own clipboard
instead.Whena copy or pastesuccessfullycontactshe PC,
abeepinformsthe userthataremotetransferhasoccurred.

Our PalmPilotsynchronizedlipboard releasedo thepublic
underthe nameRemote Clip Hack, is oneof afamily of ap-
plicationsdevelopedby the Pebblegproject[3]. Along with

the other PebblesapplicationsRemoteClip Hack hasbeen
downloadedover 12,000timesin recentmonthsandhasgen-
eratedstrongpositive feedbackrom users.

SYNCHRONIZING CLIPBOARDS ACROSS A NETWORK

Basedon our favorableexperiencewith synchronizectlip-

boardson the PalmPilot, we built Remote Clip, a proto-
typesystenfor synchronizingclipboardsacrosshenetwork.

Writtenin Javal.1,RemoteClip useslava’s RemoteMethod
Invocation(RMI) to communicatewith its peersacrossthe
network. In our prototype,a clipboardgroupis configured
manuallyby running RemoteClip on every machinein the
groupandspecifyingthe hostnamesf the othergroupmem-
bersin a setupdialog.

Unlike the PalmPilot system, which usesa client-sener
architecturecenteredon the PC’s clipboard, the Remote
Clip systemis peerto-peer The synchronizectlipboardis
“owned” by the machinewherethe mostrecentcopy oper
ation occurred.Whena copy operationoccurson computer
A, for example A notifiestheothermemberof its clipboard
groupthatit is taking ownershipof the synchronizectlip-
board.If a pasteoperationsubsequentlpccurson computer
B, thenB satisfieghe pasteby retrieving the clipboardcon-
tentsfrom A. Notethatno clipboarddatais transferreduntil
a remotepasteactually occurs,so the clipboardowner can
changethe clipboard contentsrepeatedlywithout notifying
othergroupmembers.Thus,a sequencef local copiesand
pastegthe commoncase)proceedst full speedvithoutary
network traffic.

In additionto text, RemoteClip can transferfiles and di-
rectories,packingtheminto a ZIP archve thatis unpacled
automaticallyby the recever. On Microsoft Windows, Re-
mote Clip usesnative codeto copy and pastefiles directly
in the Windows file browser On otherplatforms,userscan
copy andpastefiles usingeithera GUI (file-selectiondialog
boxes)or command-lingorogramgrcopy andrpaste).

A numberof desirablefeaturesare not yet supportecby the
prototype,including authenticationencryption,and richer
dataformats(lik e pictures).

RELATED WORK

Pick-and-drog4] enablesdatatransferbetweenpen-based
computersby “picking up” anitem from onecomputemwith
a penand“dropping” it on another Hyperdraggind5] ex-
tendsthereachof drag-and-droggusinga computers built-in
pointing device) acrossmachineboundarieso other com-
puterson an augmentedabletop. Pick-and-dropand hy-
perdraggingequirespecializechardware or augmentedtn-
vironmentswhereassynchronizedlipboardscanbeimple-
mentedon a wide rangeof currentandfuture hardwareand
softwaresystems.The only systemrequirementsrea clip-
boardanda network connection.

Several programscan shareclipboard dataacrossthe net-
work, suchasthe ClipBook Viewer includedin Windows,
but nonesynchronizehe clipboardsdirectly.

CONCLUSION

Synchronizedtlipboardsextend the copy-and-pastemodel,
alreadyfamiliar to usersfor datatransferbetweenapplica-
tions,to allow seamlesslatatransferbetweercomputers.
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