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Abstract

It is dif�cult to build user interfacesthat mustbe
distributed over a setof dynamicand heterogeneous
I/O devices.Thisdif�culty increaseswhenwewantto
split,merge, replicate, andrelocatetheUI acrossa set
of heterogeneousdevices,without the applicationin-
tervention. Furthermore, usinggenerictools, e.g. to
search for UI compomentsor to save/restore them,is
usuallynot feasible. We follow a novel approach for
building UIs that overcomestheseproblems: Using
distributed �le systemsthat export widgets to appli-
cations.In thispaperwedescribeOmero, a UI server
built alongthis line for thePlan B Operating System.

1. Intr oduction

Ubiquitous computing environments provide the
userwith multipledisplays,pointingdevices,andkey-
boards. Therefore,it is desirablethat userinterfaces
(UI) couldwork in this distributedandheterogeneous
environment and take advantageof the distribution.
Therearemany differenttoolkits, frameworks,andUI
managementsystems(UIMS) for implementingUIs,
e.g.,[15, 14, 12,11, 16, 7, 20]. Thedifferencesamong
them are wide yet we found similar problemswhile
trying to build oursmartspace:

It is hard to simultaneouslyusedifferent devices
whenapplicationsor usersrequireto distribute theUI
amongthem.For example,a presentationviewer may
want to deploy a control panelon a phone's display,
a slideviewer in a large graphicaldisplay, andaccept
several audiocommands.Doing this requiresseveral

differentframeworksthathave to beprogrammedsep-
aratelyin adifferentway. Applicationscannotusually
createa control panelthat works both for the phone
andfor theaudiointerface.

It is hard to split and merge the UI and place
differentpartsof it on whatever device is considered
appropriate. At most, we can combinea set of UI
componentsby usingmiddleware.However, oncepro-
grammed,wecannotsplit agivencomponentinto sep-
arateones.For example,it is usuallynot feasiblefor
a userto move just the“next slide” buttonto a mobile
phone.

Replication of UI components is hard and re-
quirescollaborationfrom theapplication.Considering
that it is now usualto have multiple displaysandI/O
devices, it is desirableto be able to replicate,say, a
volumelevel gauge,withoutplacingtheburdenon the
application.

General purpose tools do not work on UI ele-
ments.This is abig problemfor asmartenvironment,
becauseit requiresmany programsto make it smart.
For UI elements,tasksalreadyaccomplishedby gen-
eral purposeprograms(e.g.,searchingwith find or
grep , or copying with cp ) requireswriting speci�c
purposesoftwarefor thetaskandUI considered[25].
A relatedproblemis that it is hardto consultandup-
dateinformationabouttheUI itself; for example,ob-
tainingthelabelfor a buttonfrom a differentprogram
or updatingthelabelto somethingelse.

While constructingthePlanB OS[3, 2], whichsup-
portsour smartspace,we have developedanarchitec-
turefor building UIs thatovercomestheselimitations.
Our approachis to implementandexport UI compo-
nents(i.e., widgetsof a high-level of abstraction)by



meansof network �le systems.The hierarchyof UI
elementsfoundin a UI is representedby a �le hierar-
chy, following theideasin [10, 23]. Graphicaldisplays
andotherdevicesemployed for UIs aresupportedby
UI �le serversthatimplementasetof widgetsandper-
mit theirusethroughthe�le systeminterface.

As a result,theapplicationcanprogramanduseits
UI in thesameway it usesregular �les, andit canbe
mostlyunawareof theactualsetof devicesusedto de-
ploy theUI. Furthermore,externalprogramscanrely
on the �le interface to inspectand operateon exist-
ing UI components.Differentdevicesareaccessedby
mountingtheir UI serversandusingtheir �le treesto
build andusedifferentUI components.

ThePlanB'sUI service,Omero, wasbuilt usingthis
approachandhasbeenin usein productionfor half a
year. It hasbeenusedonly by a few userson PlanB
terminals,but its approachcanbeappliedto any other
systemconsidered.

In what follows, we describeboth omeroandour
approach.Section2 describesomerofrom the user's
point of view. Section3 describesour approachin
moredetail. Sections4 discussesthe replicationand
distribution of UIs usingomero.Multimodal UIs and
heterogeneityareaddressedin section5. We address
screenspacedonationin section6, andtheuseof gen-
eral purposetools in section7. Sections8 and9 de-
scribethe implementationandevaluationfor the sys-
tem. After discussingrelatedwork in section10, we
concludein section11.

2. Omero

Omerois the PlanB window systemandthe User
Interfaceservice. The currentimplementationworks
both on Plan 9 [23] and Plan B [3, 2]. A typical
useremploys multiple screens,servicedby different
omeros,that may look like the one shown in �gure
1. Unlike in other systems,omeroimplementsboth
window managementandthesetof GUI components
available. In this respect,it is both a window system
or UIMS anda GUI toolkit. The userinteractswith
omerousingany keyboardandpointing device avail-
ablein thenetwork. Applicationsinterfacewith omero
usingthe�les it provides.

A screenhandledby omeroconsistsof a treeof UI
elementsknown aspanels.Therearethreekindof pan-

els: rows, columns, and atoms. Rows and columns
groupinnerpanelsandhandletheir layout. A row ar-
rangesfor innerpanelsto bedisposedin a row. A col-
umndoeswhat canbe expected.Atoms includetext,
images,gauges,andthelike.

All panels,including rows and columns,are con-
sideredthe sameby omero, like in Morphic [13].
They can be moved around,copied,pasted,hidden,
deleted,andso on. For omeroit doesnot matterif a
panelis partof anapplication's UI, theentireUI, or a
row/columncreatedby theuserto groupotherpanels.

In thesameway, all text shown by omerois consid-
eredthe same(althoughsometext may be read-only
andcannotbe edited),following the designof Acme
[21]. This includesbuttons,labels,tag-lines,andtext
frames.As aresult,wecantypesometext anduseit as
a button,we cancopy text from buttonsor labelsand
pasteit at someotherplace,etc.

The interactionwith the mouseand the keyboard
happenswithin omero,without theinterventionof the
application. Therefore,most text editing andmouse
actionsarehandledby thesameprogram,omero,and
consequentlyall theeditionprocessfeelsthesame(no
matter the application). The modeof interactionis
very similar to that of Acme [21], which canbe con-
sideredadirectancestorfor omero.

Any panelmayhavea tag (asquarenearits top-left
corner).By default, rows andcolumnshave tags,and
atomsdo not. This can be changedthroughthe �le
systeminterface. The tag permitscertainmouseop-
erationsin the panel,andprovidesinformationabout
thedatashown on it. Whena panelhashiddenpanels
within it, its tagis shown asaverticalrectangleinstead
of asquarebox. A panelmaybein a dirty state,when
the applicationusing it considersthat it hasunsaved
state. In this case,the tag is shown in a light green
color.

A centralclient programfor omerois ox , which
is responsiblefor �le editing,directorybrowsing,and
commandexecution.It canbeconsideredtheshellun-
derlyingomero. Figure2 shows a omeroscreenwith
threepanels(below therow at thetop) createdby ox:
An edition for omero.ms , a listing for thedirectory
/usr/nemo , andtheoutputfor theView command.
Usingaseparateprograminsteadof implementingthis
functionalitywithin omeropermitsexecutingomeroat
onemachineandox atanother. This is commonwhen



Figure 1. A typical Plan B screen, serviced by the omero UI service .

accessingthesystemfrom deviceslikePDAs thatmay
have slow connections:Commandsactually run at a
machinewell connectedto the restof the systemand
wekeepjust theinterfaceat theendof theconnection.
The ideais not new, but taken from Sam[22] andits
ancestors.

For each�le beingedited,ox createsa columnthat
hasa tag panel (single line of editabletext, in bold
face)andatext panelbelow thetagthatshows the�le.
Ox initializesthetagto containthenameof the�le be-
ing edited,somecommandsunderstoodby ox, averti-
calbar, andspacefor theuserto typefurthertext.

To helpprogramsstartedfrom ox. Ox setsthevari-
able $file to the path of the �le being edited in
theox's panelwherethecommandexecutionwasre-
quested.Thispermitsthecreationof programsthatop-
erateon the�le beingedited,like View , which opens
aviewer to see$file asit wouldbesentto aprinter.

3. Ar chitecture and ideas

Thegraphicalrepresentationof panelsin thescreen
correspondsto the �le tree servicedby omeroto its

clients. For example,a screenthatcontainstwo rows
hastwo corresponding�les in its root directory. If the
usermovesonerow within theotherusingthemouse,
the samewould happento their respective �les; and
vice-versa. Rearrangingthe tree(e.g. dueto a user's
mouseoperation)requiresthe applicationto learnof
thenew pathsfor its UI �les, but it hasthebene�t of
expressinglayoutsin asimplewayby meansof the�le
hierarchy.

The �le tree is exportedusing the 9P �le system
protocol[1] andcanbemountedfrom anywherein the
network. SeveraldevicessupportingUIs canbe used
togetherby mountingtheir respective servers. Appli-
cations,like theclient processin �gure 3, operatethe
serviceby mountingoneor moreomero's �le systems
(small treesin the�gure) on their namespaceandus-
ing thestandard�le operations.

Much of thedesigneffort wenton decidinghow to
representwidgetsas�les. Many designswouldmatch
whathasbeensaidsofar. To narrow thedesignspace,
we imposedtwo requirements:

� It shouldbe simple to createandoperatean UI
from thesystemshell.



Figure 2. Ox creates panels to edit �les, browse directories, and sho w command output.
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Figure 3. Omero serves widg ets as �les.

� It shouldbe simple to split, merge, move, and
copy aninterfaceto adifferentdevice.

The �rst requirementsuggestedus that in those
caseswherethe �le namecould easily expresswhat
widgetwewant,weshouldrely justonthe�le nameto
determinethewidgetproperties.Thesecondrequire-
mentsuggestedthatthedesignshouldpermitaprecise
replicationof a given UI by copying its �le treeto a
different server. This lead to the �le systemdesign
guidelinesthatwe show next.

� No streamingdatamay comeout of an UI �le.
Otherwise,readingthat �le duringa copy opera-
tion would block thecopy, becausea readwould
wait for furtherdataon thestream.Thisdoesnot

meanthat widgetsfrom streamingdataare for-
bidden,only thattheir corresponding�les cannot
bethesourceof data.No eventsmaycomeoutof
anUI �le, becauseof thesamereason1

� Readingan UI �le mustreturnall its state. The
statemustincludewhatever is necessaryto recre-
atetheinvolvedwidget,with thesameattributes,
atadifferentlocation.

� Writing an UI �le must allow updatingall the
propertiesof thewidgetinvolved. Otherwise,the
interfacecouldnotberecreatedby copying.

1UIs generateevents, of course,but events have to be sent
througha different channel. Omerousesa network connection
independentof the®le systemto deliverevents,asdiscussedlater.



� Directorylisting ordermustbecoherentwith the
creationorderof inner�les. Or acopiedUI might
leadadifferentlayoutof widgets,becausewede-
cidedtomaintainthecorrespondencebetweenthe
�le hierarchyandthescreenlayout.

3.1. Widgetsas�les

Omero representseachpanel by a directory that
containsa ctl anda data �le (see�gure 4). Panels
canbe createdanddeletedby makingandremoving
suchdirectories.Oncetheuserhascreatedadirectory,
omeroautomaticallyprovidesthedataandcontrol�les
on it. Whattheapplicationcando with these�les de-
pendson the type of panel,althoughmostoperations
work for all thepanels.

The nameof a directory determinesthe type of
panelit represents.A nameis of the form type:name
(eg. text:ox.3442 ) wheretypeis any of the type
namesshown in table1. Usually, nameis astringran-
domizedby theapplicationto permitany two namesto
sharethe samedirectory(i.e., to sharethe samecon-
tainerpanel).

Panel type Description
row Groupsinnerpanelsin a row
col Groupsinnerpanelsin acolumn
text Editabletext frame
label Readonly, singleline of text

button Readonly, singleline of text
tag Editabletext line

image Fixedsizeimagein Plan9 format
gauge Graphicalgaugefor avaluein [0,100]
slider Editablegauge
page Variablesizeimagewith panning
draw Vectorgraphics

Table 1. Types of panels in Omero.

The data�le containsa portablerepresentationof
thepanel,text for text elementsandPlan9 imagesfor
images.Thectl �le containsa textual representation
of thepanelattributes.Both�les arecompletedescrip-
tions(i.e. they arenotstreams),whichmeansthattools
like tar or zip canbe usedto copy a hierarchyof
panelsfrom oneplaceto another(maybeacrossdiffer-
entmachines),andtheresultingGUI wouldbesimilar.

Topermitselectiveupdatesof individualattributes,the
textual representationfor anattributemaybeusedasa
controlrequestby writing it to thecontrol�le.

Besidesthe two �les mentionedabove, directories
representingrows andcolumnshave oneextra subdi-
rectoryfor eachoneof the panelsthey contain. The
orderof the �les containedin a directoryis represen-
tative andcorrespondsto theorderusedto show their
panelsin thescreen,which is usuallytheorderof their
creation.Theorderin thescreenis left to right for rows
andtop to down for columns.As anexample,�gure 4
shows a typical menuin omeroandits corresponding
�le tree.

To completethediscussionof the�le systeminter-
face,wedescribenow thetext anddraw panels,that
aresimilar to otherpanelsnotdiscussedhere.

3.2. The text panel

Thedata�le for a text panelappearsto containall
the text beingeditedin thepanel,not just theportion
shown in thescreen.In this way, omerocanperform
mostof theediting locally. Operationslike undoand
redo,insertinganddeletingtext, cut,paste,andsoon,
are performedby omerowithout the intervention of
the application. Copying sometext into the data�le
causesomeroto reloadall the text in the panel. To
retrieve thetext from omero(e.g.,afteranedition),the
data�le is read.To helpwith programming,theinitial
text for buttonsand labelsis setby omeroto be just
their names(without the typepre�x, asseenin �gure
4).

Thecontrol�le for atext panelcontainsoneline for
eachattributeof thepanel.But for size , all theother
attributesmaybechangedby awrite to thecontrol�le
usingthesameformat.This is anexamplectl �le:

addr tcp!nautilus!17218
notag
show
dirty
font R
mark 28689
sel 28067 28067
size 65 39

The �rst attribute in the example is the network
addresswhere omero delivers events for the panel.
When this attribute is set, omerodials the given ad-
dressand startsdelivering events. If the connection
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Figure 4. The �le tree for the omer o menu sho wn in most user screens.

breaks,omeroassumesthat theapplicationhasexited
andremovesthe panel. The notag attribute andits
complement,tag , determineif thepanelis givenatag
or not. Panelswith atagcanbemovedaroundwith the
mouseandacceptall themousecommandsfor tags.

3.3. The draw panel

Thedraw panelsupportsdrawing of vectorgraph-
ics. Its control�le is similar to theoneof theprevious
section,but its data�le is very different.Thedata�le
containsa seriesof drawing commandsspeci�ed as
text. Thepanelinterpretsthecommandsandperforms
them.For example,copying this text to the�le would
draw asimpleanalogclock,similarto theonein �gure
1:

ellipse 40 40 35 35 grey
line 40 40 20 57 1 blue
line 40 40 52 28 1 blue

In this panelwe seeanexampleof how omerotries
to maintainahigh level of abstractionfor its interface.
Thesecommandsfor drawing areeasilyimplemented
on any platform supportinggraphics,and the format
usedby the applicationto issuethe requestsis very
portable.

3.4 Eventsand event channels

Eventsshown at table2 aredeliveredfrom omero
to eachapplicationresponsiblefor a panel.All events
aredeliveredasstringsandcarrythepathfor thepanel
involved, the event name,the sizeof their only argu-
ment,andanargumentstring. As we will see,events
have a high level of abstractionto easytheportability
for theAPI.

The most importanteventsare look and exec ,
which usually result from a user's mouseoperation.
Most applicationsattendjust thesetwo eventsandig-
noreothers.Look is sentwhentheuseraskedto look

Event Ar gument Description
look text Look for theargument
exec text Executetheargument
data value Reportsnew datain thepanel
ins postext Text insertedatposition
del posn N runesof text deletedatpos.

click x y buttons Mouseevent
keys text Thekeys in text werepressed
addr netaddr Network addr. wasset
path newpath Thepanelmovedto anew path
exit - Paneldeletedby theuser

Table 2. Events sent by Omero.

for something.This maybea �le nameor a pieceof
text to be found in a panel. Exec is sentwhen the
userasked to executesomething. The argumentfor
botheventsis thetext involvedin themouseoperation,
which is sentverbatimto theapplication.

Thereareseveraleventsusedto notify of changesin
thedatafor thepanel.Data is sentfor simplepanels
likesliders,andreportsthechangesin thevalue(which
is alsoavailablethroughthe �le system).Somepan-
els (e.g. image anddraw ) deliver all keyboardand
mouseeventsto the application. The corresponding
omeroeventsareclick andkeys . Othereventsare
discussedlater.

The event channelusedto deliver eventsis a net-
work connectionestablishedfrom omeroto thoseap-
plicationsthat requestevent reception(by settingthe
addr attribute). We do not usethe �le systeminter-
faceto deliver eventsto avoid stream-like �les within
theUI �le system.Theeventchannelbetweentheap-
plicationandomerois alsousedto garbagecollectthe
interfacefor deadapplications.

An interestingpoint is thatit is usefulto createpan-
els without settingthe addr attribute. Thesepanels



stayaroundforever, until the userdeletesthemwith
a mouseoperation,or a �le systemcommand. The
omeroimageviewerusesthis techniqueto loadanim-
ageinto omeroand exit. Oncethe imageis loaded,
thereis no point in keepingthe viewer around. This
techniqueis usedby several otherprograms,includ-
ingourmail readerandaweatherinformationprogram
(seenat thetopof �gure 1).

3.5. Clipboard and selection

Theuserclipboardandselectionaremaintainedby
a different �le server, Omerouses/dev/snarf as
theclipboard,writeson it therelevantdatafrom cutor
copy operations,andreadsfrom it the datafor paste
operations.This �le is usuallysharedamongPlanB
terminalsfor the sameuser, which meansthat oper-
ationsthat involve the clipboard,may be performed
acrossdifferentmachines.

The �le /dev/sel is updatedby omero with the
�le systempathfor thelastpanelwheresometext was
selectedby the user. This is a helperfor implement-
ing external commandsthat operateon selectedtext
regions.

4. Distrib uted and replicatedinterfaces.

Creatinga distributedinterfaceis easywith omero.
Panelscan be createdat different machinesjust by
creatingthe corresponding�les at different �le sys-
tems. Becauseall the panelsarethe same(i.e. �les)
andomeroacceptsthesamemouseinterfacefor all of
them. Theusercanmove any partof anapplication's
interfaceto a different place. Furthermore,the user
can createwith the mousea row or column and put
into it eithercopiesor original controlscomingfrom
differentapplications.

Whenthe usermovesa panelusingthe mouseits
correspondingdirectory moves as well. The path
event noti�es the applicationof the new position for
the �les affected. Movementsof panelsbetweendif-
ferentmachinesarehandledby replicatingthepanels
at thetargetandthenremoving theonesat theorigin.

A panelcan be replicatedby using the mouseto
copy andpasteit (perhapsatadifferentmachine).The
commandunderlyingthis operationis actually tar ,
whichis usedto archive the�le hierarchyfor thepanel

andthento extractit at thetargetdirectory.
While the �les arebeingextracted,eachdirectory

creationcausesa new panelto be built. The relative
positionfor thepanelsextractedis preserved because
the omero�le systemlists �les in the orderusedfor
thescreenlayout.

At thepointwhenthecontrol�les areextracted,any
addr attribute set for the original panelswill be set
for the new onesas well. The updateof the addr
attributecausesomeroto establisha connectionto the
applicationand to sendan addr event, notifying of
thenew replicafor thepanelandalsoof its path.

In mostUIMSs,theapplicationestablishesthecon-
nectionto theUIMS. In ourcase,omerois theonethat
dials the application's addressto establishthe event
channel. This simpli�es replication, becauseevent
connectionsare establishedas a side effect of copy-
ing a UI �le hierarchy. Theapplicationcanhandlethe
replicationfollowing threesimpleguidelines:

� To reada�le from omero,it canbereadfrom any
of thereplicas.

� To write a �le into omero,it mustbe written at
all thereplicas.Thisalsoappliesfor creatingand
removing �les.

� When omero reports using an event that data
changedin apanel,theotherreplicasmustbeup-
datedwith thedatachangereportedin theevent.

The Plan B graph library provides a cannedin-
terface for omerothat operatesin this way. The li-
braryhandlesaddr andpath eventsto maintainthe
setof replicasfor eachpanel. Applicationsusingthe
library can ignoreany replicationof their interfaces.
The library alsocreatesa network listenerprocessto
acceptevent connectionsfrom omeros,and mounts
thoseomeroswhose�les arenot found in the appli-
cation's namespace.Doing sopermitsthereplication
of UI componentsinto omerosnot yet known by the
application.

To improve latency in thereplicationof text panels
(whichmayhold largetext �les), Ins anddel events
aresentto reporttheinsertionanddeletionof text. The
graph library handlestheseeventsaswell. They lead
to updatesfor otherreplicasof thepanelbeingedited.



5. Multimodal and heterogeneousinterfaces

Eachomerois free to implementthe panelsrow
andcol in anappropriateway for thedevice. For ex-
ample,ondisplayswith limited screenspace,it is sen-
sible to show only onesetof controlsat a time. The
mouseinterfacecanbeusedto navigatethroughthehi-
erarchyof rowsandcolumns.It wouldbealsostraight-
forwardto port omerofor text outputdevices. In fact,
mostof theomerointerfaceshown in thescreenis just
text.

The high level of abstractionin the API permits
implementingmultimodal interfacesto a limited ex-
tent.Whatmattersfor theapplicationis thatthepanels
meanthe sameandthe event and�le formatsremain
thesame.For example,a server for voice menuscan
acceptthecreationof buttonpanelswithin ahierarchy
of columns(or rows). This structuremay be handled
by the server by readingthe button labelsto the user
andaskinghim to selectanoption,perhapsby saying
a number. Whenthe userselectsa button, the server
maydeliveranexec eventto theapplicationasomero
does.

Notethattheuserhasaveryprecisecontroloverthe
application's interface. For example,part of a given
graphicalUI could be copiedto the �le systemfor a
voiceinterfaceserver. Theusercanchoosewhichpart
(i.e. which �les to copy), yet the applicationwould
be unawareof the replicationfor the interface. Even
thougha replicais notevenusingagraphicsdevice.

6. Donation of screenspace

On pervasive environments,it is usuallyuseful to
be ableto donatescreenspaceto userspresentin the
(physical)space.Thiscanbesafelyachievedbyomero
just by changingownershipof a panel to a visiting
user. The chgrp systemcommandmay be usedto
performthetask,andnofurthertoolsarenecessary. To
reclaimthe ownershipof the space,the initial owner
may simply remove the donatedpanel from the �le
system.

7. Generalpurposetools

A powerful consequenceof both using �les and
mappingtheinterfaceelementsto themis thatgeneral

purposetoolscanbebuilt to operateonany UI consid-
ered.We alreadymentionedhow tar is usedto copy
interfaces.Examplesarecountless,rm canbeusedto
remove them,ls canlist thepanelsused,chgrp can
be usedto donatescreenspace,iostats can take
statisticson UI usage(as it would do with any other
�le I/O), etc.

An exampleis theofiles shellscript,which lists
the�les beingeditedby theuser. Thisscript,shown in
�gure 5, recursively liststhe�les in omeroto �nd tag
panels,whichby conventioncontainthenamesfor the
�les beingedited.For eachtag panel,its data�le is
readto retrieve thenameof theuser's �le.

As anotherexample,a prototypevoice command
system,that we built for Plan B, acceptscommands
to pressarbitrarybuttonsshown in omero. The com-
mandtakesthe text resultingfrom speechprocessing
andscansfor sentenceslike pressstop. At thatpoint,
du is used(like in the script in �gure 5) to �nd but-
tonsthatcontaintheword of interest,e.g. stop , and
a write to the button's control �le instructsomeroto
simulateanexecon it.

Note how the applicationsowning the panelsaf-
fectedmay run unawareof any of the externalcom-
mandsusedon them. No codemust be includedto
provide supportfor thesecommands,becauseall that
is neededis to beableto use�les.

8. Implementation

Omerois implementedby 6340linesof C codeand
two libraries.Oneof thelibraries(takenfrom Plan9)
providessupportfor text framesandhas1231linesof
C code. The otherone(adaptedfrom onein Plan9)
providessupportfor the�le systemandhas2085lines
of C code. This makesa total of 9656lines in C, to
give an ideaof what it would take to port omeroto a
differentplatform.

The structureof the programis shown in �gure 6.
Thefs moduleincludesthedatastructurefor the�le
system(a �le tree),thecodeto speak9Pto export the
�le systemto network clients,andthecodeto authen-
ticatethem.Closeto thismoduleis panel , thatmain-
tainsthe datastructuresfor the panelsin cooperation
with the �le tree. Individual panelsareimplemented
by modulestext , gauge , draw , andimage . Some
of themimplementseveralones.For example,text



# Use du to list the trees in all the omeros (/devs/*ui).
# Put in $tagfiles the paths for the data file of all tag panels.
tagfiles=`{du -a /devs/*ui | grep 'tag:.*/data' | awk '{print $2}'}

# for each file in $tagfiles...
for (f in $tagfiles){

# ...print the path at the beginning of the file
sed 's| .*||' < $f

}

Figure 5. Retrie ving inf ormation from the UI using scripts.
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Figure 6. Modules used to implement omer o

is responsiblefor all text panels.Differentpanels(e.g.
buttonsandtags)have a differentsetof �ags thatde-
terminetheirbehavior (e.g.buttonsareread-only, tags
can be edited). Gui is responsiblefor handlingthe
screenandacceptinguserinput. The layout process-
ing is hardenoughto getright that it is keptseparated
into thelayout module.

Mouseinput comesfrom cook , which is a mod-
ulethatacceptsraw mouseeventsandprovidescooked
eventsdecoratedwith time stampsand�ags to recog-
nize repeatedclicks. The cooking processalso sup-
pliesquiet (virtual) mouseeventsto notify that the
mousehasbeenquietfor awhile.

Panels are implementedby objects that provide
theseoperations: Init and close are called on
panel creation and destructiontime. Ctlio and
dataio are called to implementread/writefor the
panelcontrolanddata�le. Finally, mouse andkey-
board performmouseandkeyboardprocessing.

Regardingthe client library, it accountsfor 1065
linesof C codeandprovidesa handfulof routinesto
createanddestroy panels,andto readandwrite their
�les. Theunconventionalpartof this library is that it
createsaprocessto listenfor omeroconnections,to re-
ceiveeventsfrom panelsandhandlereplicationassaid
before.Theclient's datastructurefor a panelcontains
a list of replicasand,for eachone,the absolutepath

of thecorrespondingUI directory. Thelibrary handles
addr andpath eventsto keepthelist of replicasand
theirpathsupdated.Mostothereventsaresentdirectly
to theapplicationthroughtheeventchannel.

9. Experienceand Evaluation

Omerois youngandhassufferedonly minor opti-
mizations,mostof themhave to do with redrawing in
thescreenonly whatis necessary. Overall,wearesat-
is�ed bothwith its behavior andwith its performance.
Thereare several demonstrationsand screenshotsat
http://lsub.or g/l s/ demos. htm l .

Mostof theapplicationsweusefor daily work have
beenportedto omero,or rewritten to exploit its bene-
�ts. This includessimpletools like clocksandstatis-
ticsmeters,andalsomorecomplex programslikemail
readers,audioplayers,imageviewers,severalgames,
andothertools.

Whenusedonseveralmachinesthatsharethesame
room, omerointegratesnicely with the PlanB facil-
ity to redirectmouseandkeyboarddevicesto different
machines.Our usersareaccustomedto copy omero
panelsat onemachine,thenredirect(pressinga but-
ton) themouseandkeyboardto anothermachine,and
thenpastethepanelsthere.

Theability to operateonindividualpanels,indepen-



dentlyof which applicationthey belongto, andto re-
groupthenasdesiredinto anotherpanel,hasprovento
be invaluableto save screenspaceon machineswith
very small screens.For example,screensof Pocket-
PCscanbeusedto hold just theindispensablecontrols
neededby theuser.

Regardingquantitativeevaluation,it is hardto com-
pareomerowith othersystems,becauseof thediffer-
ent approachit follows, and alsobecausethe imple-
mentationwe have runson a differentoperatingsys-
tem. Therefore,comparative experimentswould be
measuringdifferencesbetweenthe systemsinvolved,
andnot betweenomeroandotherUI systems.Nev-
ertheless,we includesomemeasuresbelow to give a
glanceof how it performs.

All measuresare the meanof several experiments
performedon a PentiumXeon anda Pentium6 con-
nectedthrough 100Mbps ethernet. Both machines
were running a standardPlan B system, including
omero. No machinehad swap con�gured. Exper-
iments involving only one omero were performed
acrossthenetwork, becausethatis its commonusage.
All measurescorrespondto real time measuredwith
time , andaccountfor all the relevant screenupdate
operations,becauseomeroperformsthem beforere-
plying to the client programs. To put measurements
in context, a delay of 200msis perceived as instan-
taneousby the user[5] whenusinga mouseoriented
userinterface(400msfor operationsinvolving several
screens).

The time neededto copy the userinterfacefor the
player programshown in �gure 1 (on the left, bot-
tom half of the �gure) from onemachineto another
is 365ms. This experimentusesthe standardomero
script for copying panels,which relieson tar to per-
form thework. Thetimeneededto readall theUI from
the �le systemwas60ms,which leaves305msasthe
timeusedto createtheinterfaceandupdatethescreen.
This is what could be expected,becausethe creation
of aninterfaceinvolvesratherslow screenoperations,
while accessingthedatafor theinterfacedoesnot.

Thetimeto removethesameinterfacefrom adiffer-
entmachine,usingrm, is 790ms.It is higherthanthe
time to createthe interfacebecausemostpaneldele-
tions leadto layout recalculations,while somepanel
creationscan be performedwithout recomputingthe
layout(andupdatingthescreen!).

Thetimeto hideoneof theWeather panelsof �g-
ure1 (nearthetop) is 8ms. Thecommandwasecho
hide with stdoutredirectedto thepanel's control�le.
Thetime to show thepanelagainis also8ms.Mostof
thetime is spenton thescreenupdating.If weoperate
on oneof two large columnsshown in �gure 2, 6ms
areneededfor hide and8msfor show.

The time to updatean attribute which doesnot in-
volve screenoperationswas 4ms when using echo
and 7ms when using cp to perform the copy of the
new attributevalues.This timewasindependentof the
numberof suchattributesupdatedby therequest(the
measuresinvolved up to 10 attribute updatesper re-
quest). This suggeststhat the performanceof omero
is reasonablefor attributehandling,becauseotherfac-
tors(e.g.theprogramusedto copy new data)aremore
signi�cative in themeasures.

Theperformanceof omeroseemsreasonableto pro-
videuserinterfaces,asourexperienceusingit for daily
work duringthepastsix monthscon�rms. Mostof the
latency comesfrom the seriesof RPCsgeneratedby
the underlyingsystemto satisfy the �le systemcalls
madeby theapplication.Thetimeto updatethescreen
seemsto be the dominantfactor, as it could be ex-
pected.

10. RelatedWork

Researchon user interfacesand UIMSs (both for
pervasive andtraditionalenvironments)hasbeenvery
intensive andstill is. We mentionhereonly themost
signi�cative contendersto our work, and leave oth-
ersbehindbecausethedifferenceswith respectto our
work fall in oneor moreof thepointsstatedbelow.

An importantdifferencebetweenomeroandmost
systemsmentionedbelow is thatomeroprovidesaex-
treme�e xibility for users,allowing them to pick up
any panelandmove it, copy it, or rearrangethesetof
controlsin any way desired.The useof generalpur-
posecommandsto operateontheUIs is alsoabig dif-
ferencebetweenomeroandthesesystems,which rely
onmorecomplex formatsandrequirespeci�c purpose
toolsto operateon theapplication's UI.

UBI [17] and MigratableUIs [6] supportthe mi-
gration of UIs, like we do. They do not permit us-
ing generalpurposetools (aswe do) andthey require
the introductionof evenmorecomplexity closeto the



toolkit (e.g.,GTK) usedby the application. Instead,
our approachis to simplify andabstracttheserviceto
makemigrationeasy.

Acme [21] is the direct ancestorfor omero. Like
omero,it providesa programmer's interfaceaccessed
througha �le system.Also, many of the ideasfor the
screenlayout, mouseprocessing,andseveral heuris-
tics aretaken from it. Unlike Acme, omeroprovides
a moreabstractinterface,and takes into accountthe
needsfor graphics.Besides,omeropermitsdistribut-
ing theuserinterface.

Omerotakesfrom bothSam[22], theBlit [19] and
Protium[29] the ideaof separatingthe programpro-
cessingfrom theuserinterface.Theseparationof the
programinto ox andomeroresultsfrom this. Samis
only a text editor, anddoesnot provide a generalwin-
dow system.Theblit wasawindow systemfor UNIX,
to multiplex a terminal, and was heavily tied to the
modelof operationin UNIX: A singleserver machine
with terminalsconnected.Omeroon the otherhand
permitsdistributeduserinterfacesandis more�e xible
in letting the usercontrol the applicationsinterfaces.
Protiumusesa ratherdifferentapproachanddoesnot
allow generalpurposetools to beusedon UI compo-
nents.

Regardingwindow systems,X [27] andPhoton[24]
permitapplicationsto createUI componentsremotely,
but theirAPI is ratherlow-level, unlike in omero.Fur-
thermore,oncecreated,UI componentsaretied to the
particularserverusedandcannotmove. Thesamehap-
pensto window systemslike Rio andits ancestor8

�

�

[1, 20], whichdespiteusing�les to providetheirAPIs,
do not considermobility and replicationfor userin-
terfacesnor distribution of the application's interface
(furtherthandonein X).

Toolkits like GTK+ [28], Tcl/Tk [18], simplify the
constructionof the application's UI, but still lead to
thesamedif�culties mentionedabove. Anotherdiffer-
encebetweenourapproachandthesesystemsis thatit
is not feasibleto implementbrowserapplicationsjust
by loading the relevant information into the window
systemandthenexiting.

Systemslike Fresco[8], Morphic [13], Gaia [26],
and Interactive Workspaces[9], provide middleware
componentsfor programmingdistributedUIs. Unlike
omero, they require the applicationto use the mid-
dlewarechoosenby the platform developers. Omero

just requiresusing�les, andthereforewecanusegen-
eralpurposetoolsonUI elements.Furthermore,is not
cleanhow thesesystemsdealwith protectionanddo-
nationof screenspacein asafeway. Ourapproach,on
the other hand,relies on well-known distributed �le
systemtechnologyto authenticateandperformaccess
control for the users. This differencealso holds for
mostcomponentbasedmiddlewaresfor distributedin-
terfaces,(e.g.thatin the.NET framework).

Therearesystemslike [16, 11, 7, 4] thatuseXML
or similardeclarative descriptionsto encodespeci�ca-
tions for userinterfaces,to permit their adaptationto
thepeculiaritiesof thedevicesused,e.g. screensize.
In our case,it is the server that servicesthe screen
who is free to adaptthe implementationof the pro-
videdpanelsto theneedsof thedevice. For example,
Pocket-PCsmayshow only oneoutercolumn/row ata
time, or useheuristicsto overlay them. Our approach
is different in that thehigh level of abstractionin the
interfaceandits portabilitymakestoolslike XML un-
necessary. Besides,we usethesameapproachfor all
othersystemservices[3], they donot.

11. Conclusionsand Future Work

We have describedan architecturefor organizing
systemsupportfor userinterfacesbasedon using�les
to representtheUI components.We have shown how
thiscanpermitdistribution andreplicationof UI com-
ponentsin a simple way. The architecturemakes it
easierto usedifferentdevicesatthesametimeandper-
mits theuserto split andmergeUI componentswith-
outplacingtheburdenin theapplication.Wedid show
how generalpurposetools can be usedfor UI com-
ponentsas well. The implementationfor a working
systemthat usesthis approach(usedto write this pa-
per)hasbeendescribedaswell, togetherwith several
examplesof use.

In thefutureit would beinterestingto explorehow
to useour approachfor applicationsthat useconven-
tional UI toolkits, to provide backward compatibility
for them. The heuristicsusedby omeromay alsore-
quirefurtherexperimentation.Portingomeroto other
systemsis alsodesirable.
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