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Abstract

It is dif cult to build userinterfacesthat mustbe
distributed over a setof dynamicand hetepbgeneous
I/O devices. Thisdif culty increasesvhenwewantto
split, mege, replicate andrelocatethe Ul acrossa set
of hetepgeneousdevices,without the applicationin-
tervention. Furthermoe, usinggenerictools, e.g. to
seach for Ul compomentsr to save/estoe them,is
usuallynot feasible We follow a novel approadc for
building Uls that overcomestheseproblems: Using
distributed le systemgshat export widgets to appli-
cations.In this paperwedescribeOmen, a Ul server
built alongthis line for the Plan B Opemating System.

1. Intr oduction

Ubiquitous computing ervironments provide the
userwith multiple displays pointingdevices,andkey-
boards. Therefore,it is desirablethat userinterfaces
(UI) couldwork in this distributedandheterogeneous
ernvironment and take adwantageof the distribution.
Therearemary differenttoolkits, framewvorks,andUl
managemensystemgUIMS) for implementingUls,
e.g.,[15, 14, 12,11, 16, 7, 20]. Thedifferencesamong
them are wide yet we found similar problemswhile
trying to build our smartspace:

It is hard to simultaneouslyusedifferent devices
whenapplicationsor usersrequireto distribute the Ul
amongthem. For example,a presentatiorviewer may
wantto deplo/ a control panelon a phones display
aslide viewer in a large graphicaldisplay andaccept
several audiocommands.Doing this requiresseveral
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differentframevorksthathave to be programmedep-
aratelyin adifferentway. Applicationscannotusually
createa control panelthat works both for the phone
andfor theaudiointerface.

It is hard to split and merge the Ul and place
differentpartsof it on whatever device is considered
appropriate. At most, we can combinea set of Ul
componentdy usingmiddlevare. However, oncepro-
grammedwe cannotsplit agivencomponeninto sep-
arateones. For example,it is usually not feasiblefor
auserto move justthe“next slide” buttonto a mobile
phone.

Replication of Ul componentsis hard and re-
guirescollaboratiorfrom theapplication.Considering
thatit is now usualto have multiple displaysand /O
devices, it is desirableto be ableto replicate,say a
volumelevel gaugewithout placingthe burdenonthe
application.

General purposetools do not work on Ul ele-
ments. Thisis abig problemfor a smartervironment,
becauset requiresmary programsto make it smart
For Ul elementstasksalreadyaccomplishedy gen-
eral purposeprograms(e.g., searchingwith find or
grep , or copying with cp) requireswriting specic
purposesoftwarefor thetaskandUI considered25].
A relatedproblemis thatit is hardto consultandup-
dateinformationaboutthe Ul itself; for example,ob-
tainingthelabelfor a buttonfrom a differentprogram
or updatingthe labelto somethingelse.

While constructinghePlanB OS[3, 2], whichsup-
portsour smartspacewe have developedanarchitec-
turefor building Uls thatovercomeghesdimitations.
Our approachis to implementand export Ul compo-
nents(i.e., widgetsof a high-level of abstraction)y



meansof network le systems.The hierarchyof Ul

elementdoundin a Ul is representetty a le hierar

chy, following theideasin [10, 23]. Graphicalisplays
andotherdevicesemployed for Uls are supportecby
Ul le senersthatimplementasetof widgetsandper

mit their usethroughthe le systeminterface.

As aresult,the applicationcanprogramanduseits
Ul in thesameway it usesregular les, andit canbe
mostlyunavareof theactualsetof devicesusedto de-
ploy the Ul. Furthermoregexternalprogramscanrely
on the le interfaceto inspectand operateon exist-
ing Ul componentsDifferentdevicesareaccesseby
mountingtheir Ul senersandusingtheir le treesto
build andusedifferentUl components.

ThePlanB's Ul service Omep, washuilt usingthis
approachandhasbeenin usein productionfor half a
year It hasbeenusedonly by a few userson PlanB
terminals,but its approactcanbeappliedto ary other
systemconsidered.

In what follows, we describeboth omeroand our
approach.Section2 describesomerofrom the users
point of view. Section3 describesour approachin
moredetail. Sections4 discusseshe replicationand
distribution of Uls usingomero. Multimodal Uls and
heterogeneityareaddressedh section5. We address
screerspacedonationin section6, andtheuseof gen-
eral purposetoolsin section7. Sections8 and9 de-
scribethe implementatiorand evaluationfor the sys-
tem. After discussingelatedwork in sectionl10, we
concluden sectionl1.

2. Omero

Omerois the PlanB window systemandthe User
Interfaceservice. The currentimplementationvorks
both on Plan 9 [23] and Plan B [3, 2]. A typical
useremplo/s multiple screensservicedby different
omeros,that may look like the one shavn in gure
1. Unlike in other systemsomeroimplementsboth
window managemerandthe setof GUI components
available. In this respectjt is bothawindow system
or UIMS anda GUI toolkit. The userinteractswith
omerousingary keyboardand pointing device avail-
ablein thenetwork. Applicationsinterfacewith omero
usingthe les it provides.

A screerhandledby omeroconsistsof atreeof Ul
element&known aspanels.Therearethreekind of pan-

els: rows columns and atoms Rows and columns
groupinnerpanelsandhandletheir layout. A row ar

rangedor innerpanelsto bedisposedn arow. A col-

umn doeswhat canbe expected. Atoms includetext,

imagesgaugesandthelike.

All panels,including rows and columns,are con-
sideredthe sameby omero, like in Morphic [13].
They can be moved around,copied, pasted,hidden,
deleted,andsoon. For omeroit doesnot matterif a
panelis partof anapplications Ul, theentireUl, or a
row/columncreatedby the userto groupotherpanels.

In thesameway, all text shavn by omerois consid-
eredthe same(althoughsometext may be read-only
and cannotbe edited),following the designof Acme
[21]. Thisincludesbuttons,labels,tag-lines,andtext
frames.As aresult,we cantypesometext anduseit as
a button, we cancopy text from buttonsor labelsand
pastet at someotherplace,etc.

The interactionwith the mouseand the keyboard
happensvithin omero,withouttheinterventionof the
application. Therefore,mosttext editing and mouse
actionsarehandledby the sameprogram,omero,and
consequenthall the editionprocesdeelsthesame(no
matterthe application). The mode of interactionis
very similar to that of Acme[21], which canbe con-
sidereda directancestofor omero.

Any panelmayhave atag (a squarenearits top-left
corner). By default, rows andcolumnshave tags,and
atomsdo not. This can be changedhroughthe le
systeminterface. The tag permitscertainmouseop-
erationsin the panel,andprovidesinformationabout
thedatashavn onit. Whena panelhashiddenpanels
within it, its tagis shavn asaverticalrectanglénstead
of asquarebox. A panelmaybein adirty state when
the applicationusing it considershatit hasunsaed
state. In this case,the tag is shavn in a light green
color.

A centralclient programfor omerois ox, which
is responsibldor le editing, directorybrowsing,and
commanaexecution.It canbeconsideredheshellun-
derlyingomero. Figure2 shavs a omeroscreenwith
threepanels(belon therow atthetop) createdby ox:
An editionfor omero.ms , alisting for the directory
/usr/nemo , andthe outputfor the View command.
Usinga separat@rograminsteadof implementinghis
functionalitywithin omeropermitsexecutingomeroat
onemachineandox atanother Thisis commonwhen
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Figure 1. A typical Plan B screen, serviced by the omero Ul service.

accessinghesystenfrom deviceslike PDAs thatmay
have slow connections:Commandsactuallyrun at a

machinewell connectedo the restof the systemand
we keepjusttheinterfaceat theendof theconnection.
Theideais 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 thetagthatshavsthe le.
Oxinitializesthetagto containthenameof the le be-
ing edited,somecommandsinderstoody ox, averti-
cal bar, andspacefor theuserto typefurthertext.

To help programsstartedirom ox. Ox setsthevari-
able $file  to the path of the le being editedin
the ox's panelwherethe commandexecutionwasre-
guestedThispermitsthecreationof programshatop-
erateonthe le beingedited,like View , which opens
aviewerto see$file  asit would besentto aprinter

3. Architecture and ideas

Thegraphicalrepresentationf panelsn thescreen
correspondgo the le tree servicedby omeroto its

clients. For example,a screerthat containstwo rows
hastwo correspondingles in its rootdirectory If the
usermovesonerow within the otherusingthe mouse,
the samewould happento their respectie les; and
vice-versa. Rearranginghetree (e.g. dueto a users
mouseoperation)requiresthe applicationto learn of
the new pathsfor its Ul les, but it hasthe bene t of
expressingdayoutsin asimpleway by meansf the le
hierarchy

The le treeis exportedusingthe 9P le system
protocol[1] andcanbe mountedrom arywherein the
network. Several devicessupportingUls canbe used
togetherby mountingtheir respectie seners. Appli-
cations like theclientprocessn gure 3, operatethe
serviceby mountingoneor moreomeros le systems
(smalltreesin the gure) ontheirnamespaceandus-
ing thestandardle operations.

Much of the designeffort wenton decidinghow to
represenwidgetsas les. Many designsvould match
whathasbeensaidsofar. To narrav thedesignspace,
we imposedwo requirements:

It shouldbe simpleto createand operatean Ul
from thesystenshell.



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

It shouldbe simple to split, memge, move, and
copy aninterfaceto a differentdevice.

The rst requirementsuggestedus that in those
caseswherethe le namecould easily expresswhat
widgetwewant,we shouldrely justonthe le nameto
determinethe widget properties.The secondrequire-
mentsuggestethatthedesignshouldpermita precise
replicationof a given Ul by copying its le treeto a
differentsener. This leadto the le systemdesign
guidelineghatwe shav next.

No streamingdatamay comeout of an Ul le.

Otherwise readingthat le duringa copy opera-
tion would block the copy, becausea readwould
wait for furtherdataon the stream.This doesnot

meanthat widgetsfrom streamingdataare for-

bidden,only thattheir correspondingles cannot
bethe sourceof data.No eventsmay comeout of

anUl le, becaus®f thesamereasoh

Readingan Ul le mustreturnall its state. The
statemustincludewhatever is necessaryo recre-
atetheinvolved widget, with the sameattributes,
atadifferentlocation.

Writing an Ul le mustallow updatingall the
propertiesof thewidgetinvolved. Otherwisethe
interfacecouldnot berecreatedy copying.

UIs generateevents, of course,but events have to be sent
througha different channel. Omerousesa network connection
independentf the®le systento deliver events,asdiscussedater.



Directorylisting ordermustbe coherenwith the
creationorderof inner les. OracopiedUl might
leadadifferentlayoutof widgets,becauseve de-
cidedto maintainthecorrespondendeetweerthe
le hierarchyandthescreerayout.

3.1 Widgetsas les

Omebp representeachpanel by a directory that
containsactl andadata le (seegure 4). Panels
canbe createdand deletedby makingand remaoving
suchdirectories.Oncetheuserhascreatedadirectory
omeroautomaticallyprovidesthedataandcontrol les
onit. Whatthe applicationcando with theseles de-
pendson the type of panel,althoughmostoperations
work for all thepanels.

The name of a directory determinesthe type of
panelit representsA nameis of the form type:name
(eg. text:ox.3442 ) wheretypeis ary of thetype
namesshawvn in tablel. Usually hameis a stringran-
domizedby theapplicationto permitary two namego
sharethe samedirectory (i.e., to sharethe samecon-
tainerpanel).

Paneltype | Description
row Groupsinnerpanelsn arow
col Groupsinnerpanelsn 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
drav Vectorgraphics

Table 1. Types of panels in Omero.

The data le containsa portablerepresentatiomf
the panel,text for text elementaandPlan9 imagesfor
images.Thectl le containsatextualrepresentation
of thepanelattributes.Both les arecompletedescrip-
tions(i.e. they arenotstreams)ywhichmeanghattools
liketar orzip canbeusedto copy a hierarchyof
paneldrom oneplaceto anothef(maybeacrosdiffer-
entmachines)andtheresultingGUI would besimilar.

To permitselectve update®f individual attributes,the
textual representatiofor anattribute maybeusedasa
controlrequesby writing it to the control le.

Besidesthe two les mentionedabove, directories
representingows and columnshave one extra subdi-
rectoryfor eachone of the panelsthey contain. The
orderof the les containedn a directoryis represen-
tative andcorrespondso the orderusedto shaw their
paneldn thescreenwhichis usuallythe orderof their
creation.Theorderin thescreerns left to right for rows
andtop to down for columns.As anexample, gure 4
shaws a typical menuin omeroandits corresponding
le tree.

To completethe discussiorof the le systeminter
facewedescribenow thetext anddraw panelsthat
aresimilarto otherpanelsnotdiscussedhere.

3.2 The text panel

Thedata le for atext panelappeardo containall
thetext beingeditedin the panel,not just the portion
shawvn in the screen.In this way, omerocan perform
mostof the editinglocally. Operationdike undoand
redo,insertinganddeletingtext, cut, pasteandsoon,
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 isread.To helpwith programmingtheinitial
text for buttonsandlabelsis setby omeroto be just
their namegwithout thetype pre x, asseenin gure
4).
: Thecontrol le for atext panelcontainsoneline for
eachattribute of thepanel.Butfor size , all theother
attributesmaybe changedy awrite to thecontrol le
usingthesameformat. Thisis anexamplectl le:

addr
notag
show
dirty
font R

mark 28689

sel 28067 28067
size 65 39

tcplnautilus!17218

The rst attribute in the exampleis 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 omero menu shown in most user screens.

breaks,omeroassumeshatthe applicationhasexited
andremovesthe panel. The notag attribute andits
complementtag , determinaf thepanelis givenatag
or not. Panelswith atagcanbemaovedaroundwith the
mouseandacceptall themousecommandgor tags.

3.3 The draw panel

Thedraw panelsupportdraving of vectorgraph-
ics. Its control le is similarto theoneof the previous
sectionbut its data le is very different. Thedata le
containsa seriesof draving commandsspeci ed as
text. The panelinterpretshecommandsandperforms
them. For example,copying this text to the le would
drav 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 seean exampleof how omerotries
to maintaina high level of abstractiorfor its interface.
Thesecommanddor draving areeasilyimplemented
on ary platform supportinggraphics,and the format
usedby the applicationto issuethe requestss very
portable.

3.4 Eventsand eventchannels

Eventsshavn at table 2 are deliveredfrom omero
to eachapplicationresponsibldor a panel.All events
aredeliveredasstringsandcarrythe pathfor the panel
involved, the eventname,the size of their only amgu-
ment,andanargumentstring. As we will see,events
have a high level of abstractiorto easythe portability
for the API.

The mostimportanteventsare look andexec ,
which usually resultfrom a users mouseoperation.
Most applicationsattendjust thesetwo eventsandig-
noreothers.Look is sentwhentheuserasledto look

Event | Argument | Description

look | text Look for theargument

exec | text Executetheamgument

data | value Reportsnewn datain thepanel

ins | postext Text insertedat position

del | posn N runesof text deletedat pos.
click | xy buttons| Mouseevent

keys | text Thekeysin text werepressed
addr | netaddr Network addr wasset

path | newpath Thepanelmovedto anew path
exit | - Paneldeletedby the user

Table 2. Events sent by Omero.

for something.This maybea le nameor a pieceof
text to be found in a panel. Exec is sentwhenthe
userasled to executesomething. The agumentfor
botheventsis thetext involvedin themouseoperation,
whichis sentverbatimto the application.

Thereareseveraleventsusedto notify of changesn
the datafor the panel.Data is sentfor simplepanels
likesliders,andreportghechangedn thevalue(which
is alsoavailablethroughthe le system).Somepan-
els(e.g. image anddraw ) deliver all keyboardand
mouseeventsto the application. The corresponding
omeroeventsareclick andkeys . Othereventsare
discussediater

The eventchannelusedto deliver eventsis a net-
work connectionestablishedrom omeroto thoseap-
plicationsthat requestevent reception(by settingthe
addr attribute). We do not usethe le systeminter
faceto deliver eventsto avoid stream-lile les within
theUl le system.Theeventchannebetweertheap-
plicationandomerois alsousedto garbagecollectthe
interfacefor deadapplications.

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



stay aroundforever, until the userdeletesthem with
a mouseoperation,or a le systemcommand. The
omeroimageviewer useghistechniqueo loadanim-
ageinto omeroandexit. Oncethe imageis loaded,
thereis no point in keepingthe viewer around. This
techniqueis usedby several other programs,includ-
ing ourmail readelandaweathetinformationprogram
(seeratthetopof gure 1).

3.5. Clipboard and selection

Theuserclipboardandselectionaremaintainecby
a different le sener, Omerouses/dev/snarf as
theclipboard,writesonit therelevantdatafrom cutor
copy operationsandreadsfrom it the datafor paste
operations.This le is usuallysharedamongPlanB
terminalsfor the sameuser which meansthat oper
ationsthat involve the clipboard, may be performed
acrosdifferentmachines.

The le /dev/sel is updatedoy omep with the
le systermpathfor thelastpanelwheresometext was
selectedby the user This is a helperfor implement-
ing external commandgshat operateon selectedtext
regions.

4. Distrib uted and replicatedinterfaces.

Creatinga distributedinterfaceis easywith omero.
Panelscan be createdat different machinesjust by
creatingthe correspondingles at different le sys-
tems. Becausall the panelsarethe same(i.e. les)
andomeroacceptghe samemouseinterfacefor all of
them. Theusercanmove ary partof anapplications
interfaceto a differentplace. Furthermore the user
can createwith the mousea row or columnand put
into it eithercopiesor original controlscomingfrom
differentapplications.

Whenthe usermoves a panelusingthe mouseits
correspondingirectory moves as well. The path
event noti es the applicationof the new positionfor
the les affected. Movementsof panelsbhetweendif-
ferentmachinesarehandledby replicatingthe panels
atthetamgetandthenremaoving the onesatthe origin.

A panelcan be replicatedby using the mouseto
copy andpastdt (perhapsatadifferentmachine).The
commandunderlyingthis operationis actuallytar
whichis usedto archivethe le hierarchyfor thepanel

andthento extractit atthetamgetdirectory

While the les arebeingextracted,eachdirectory
creationcausesa new panelto be built. Therelatve
positionfor the panelsextractedis presered because
the omero le systemlists les in the orderusedfor
thescreerlayout.

At thepointwhenthecontrol les areextractedary
addr attribute setfor the original panelswill be set
for the new onesaswell. The updateof the addr
attribute cause®meroto establisha connectiorto the
applicationandto sendan addr event, notifying of
thenew replicafor the panelandalsoof its path.

In mostUIMSs, theapplicationestablishethecon-
nectionto theUIMS. In our casepmerois theonethat
dials the applications addresgo establishthe event
channel. This simpli es replication, becausesvent
connectionsare establisheds a side effect of copy-
ingaUl le hierarchy Theapplicationcanhandlethe
replicationfollowing threesimpleguidelines:

Toreada le fromomero,it canbereadfrom ary
of thereplicas.

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

When omero reports using an event that data
changedn apaneltheotherreplicasmustbeup-
datedwith thedatachangeeportedn theevent.

The PlanB graph library provides a cannedin-
terface for omerothat operatesn this way. The li-
braryhandlesaddr andpath eventsto maintainthe
setof replicasfor eachpanel. Applicationsusingthe
library canignoreary replicationof their interfaces.
The library alsocreatesa network listenerprocesgo
acceptevent connectionsirom omeros,and mounts
thoseomeroswhose les are not found in the appli-
cations namespace.Doing so permitsthe replication
of Ul componentsnto omerosnot yet known by the
application.

To improve lateny in thereplicationof text panels
(whichmayholdlargetext les), Ins anddel events
aresentto reporttheinsertionanddeletionof text. The
graph library handlegsheseaventsaswell. They lead
to updatedor otherreplicasof the panelbeingedited.



5. Multimodal and heterogeneousnterfaces

Eachomerois free to implementthe panelsrow
andcol in anappropriatavay for thedevice. For ex-
ample ondisplayswith limited screerspaceit is sen-
sible to shav only onesetof controlsat atime. The
mousdnterfacecanbeusedo navigatethroughthehi-
erarchyof rowsandcolumns.It wouldbealsostraight-
forwardto port omerofor text outputdevices. In fact,
mostof theomerointerfaceshavn in thescreeris just
text.

The high level of abstractionin the APl permits
implementingmultimodal interfacesto a limited ex-
tent. Whatmatterdor theapplicationis thatthe panels
meanthe sameandthe eventand le formatsremain
the same.For example,a sener for voice menuscan
accepthe creationof button panelswithin a hierarchy
of columns(or rows). This structuremay be handled
by the sener by readingthe button labelsto the user
andaskinghim to selectanoption, perhapdy saying
anumber Whenthe userselectsa button, the sener
maydeliveranexec eventtotheapplicationasomero
does.

Notethattheuserhasaveryprecisecontroloverthe
applications interface. For example, part of a given
graphicalUl could be copiedto the le systemfor a
voiceinterfacesener. Theusercanchoosewhich part
(i.e. which les to copy), yet the applicationwould
be unawvare of the replicationfor the interface. Even
thoughareplicais notevenusinga graphicsdevice.

6. Donation of screenspace

On penasie environments,it is usually useful to
be ableto donatescreerspaceto userspresenin the
(physical)space Thiscanbesafelyachieedby omero
just by changingownershipof a panelto a visiting
user Thechgrp systemcommandmay be usedto
performthetask,andnofurthertoolsarenecessaryro
reclaimthe ownershipof the space the initial owner
may simply remove the donatedpanelfrom the le
system.

7. General purposetools

A powerful consequencef both using les and
mappingtheinterfaceelementdo themis thatgeneral

purposdoolscanbebuilt to operateonary Ul consid-
ered.We alreadymentionedhow tar is usedto copy
interfaces.Examplesarecountlessym canbe usedto
remove them,ls canlist thepanelsused,chgrp can
be usedto donatescreenspace,iostats  cantake
statisticson Ul usage(asit would do with ary other
le 1/0), etc.

An exampleis theofiles  shellscript,whichlists
the les beingeditedby theuser Thisscript,shavnin
gure 5, recursiely liststhe les in omeroto nd tag
panelswhich by conventioncontainthe namedor the
les beingedited. For eachtag panel,its data le is
readto retrieve thenameof theusers le.

As anotherexample, a prototypevoice command
system,that we built for Plan B, acceptscommands
to pressarbitrary buttonsshavn in omero. The com-
mandtakesthe text resultingfrom speechprocessing
andscandor sentencebke pressstop. At thatpoint,
du is used(like in the scriptin gure 5)to nd but-
tonsthat containtheword of interest,e.g. stop , and
a write to the button's control le instructsomeroto
simulateanexeconit.

Note how the applicationsowning the panelsaf-
fectedmay run unawvare of ary of the externalcom-
mandsusedon them. No code mustbe includedto
provide supportfor thesecommandsbecausall that
is neededs to beableto use les.

8. Implementation

Omerois implementedy 6340linesof C codeand
two libraries. Oneof thelibraries(taken from Plan9)
providessupportfor text framesandhas1231linesof
C code. The otherone (adaptedrom onein Plan9)
providessupportfor the le systemandhas2085lines
of C code. This makesa total of 9656linesin C, to
give anideaof whatit would take to port omeroto a
differentplatform.

The structureof the programis shavn in gure 6.
Thefs moduleincludesthe datastructurefor the le
system(a le tree),thecodeto speakdPto exportthe
le systento network clients,andthe codeto authen-
ticatethem.Closeto thismoduleis panel , thatmain-
tainsthe datastructuredor the panelsin cooperation
with the le tree. Individual panelsareimplemented
by modulegext , gauge,draw , andimage . Some
of themimplementseveral ones. For example,text
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Figure 5. Retrieving information from the Ul using scripts.
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Figure 6. Modules used to implement omero

is responsibldor all text panels Differentpanelqe.g.
buttonsandtags)have a differentsetof ags thatde-
terminetheirbehaior (e.g.buttonsareread-onlytags
can be edited). Gui is responsibldor handlingthe
screenandacceptinguserinput. The layout process-
ing is hardenoughto getright thatit is keptseparated
into thelayout module.

Mouseinput comesfrom cook , which is a mod-
ulethatacceptsaw mouseeventsandprovidescooled
eventsdecoratedvith time stampsand ags to recog-
nize repeatedclicks. The cooking processalso sup-
pliesquiet (virtual) mouseeventsto notify thatthe
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
lines of C codeand providesa handfulof routinesto
createanddestry panels,andto readandwrite their

les. Theuncorventionalpartof this library is thatit
createsprocesdo listenfor omeroconnectionsto re-
ceive eventsfrom panelsandhandlereplicationassaid
before.Theclient's datastructurefor a panelcontains
a list of replicasand, for eachone, the absolutepath

of thecorrespondindJl directory Thelibrary handles
addr andpath eventsto keepthelist of replicasand
their pathsupdated Mostothereventsaresentdirectly
to theapplicationthroughthe eventchannel.

9. Experienceand Evaluation

Omerois youngand hassuffered only minor opti-
mizations,mostof themhave to do with redraving in
thescreeronly whatis necessaryOverall, we aresat-
is ed bothwith its behaior andwith its performance.
There are several demonstrationgnd screenshotsit
http://Isub.or g/l s/ demacs. html .

Most of theapplicationsve usefor daily work have
beenportedto omero,or rewritten to exploit its bene-
ts. Thisincludessimpletoolslike clocksandstatis-
ticsmetersandalsomorecomplex programdik e mail
readersaudioplayers,imageviewers,severalgames,
andothertools.

Whenusedon severalmachineghatsharehesame
room, omerointegratesnicely with the PlanB facil-
ity to redirectmouseandkeyboarddevicesto different
machines. Our usersare accustomedo copy omero
panelsat one machine,thenredirect(pressinga but-
ton) the mouseandkeyboardto anothemachineand
thenpastethe panelghere.

Theability to operateonindividual panelsjndepen-



dently of which applicationthey belongto, andto re-
groupthenasdesirednto anothempanel hasprovento
be invaluableto save screenspaceon machineswith
very small screens.For example,screenf Poclet-
PCscanbeusedto holdjusttheindispensableontrols
neededy theuser

Regardingguantitatve evaluation,it is hardto com-
pareomerowith othersystemspecausef the differ-
ent approachit follows, and also becausehe imple-
mentationwe have runson a differentoperatingsys-
tem. Therefore,comparatie experimentswould be
measuringdifferencesbetweenthe systemsnvolved,
and not betweenomeroand other Ul systems. Nev-
erthelessye includesomemeasurebelowv to give a
glanceof how it performs.

All measuresrethe meanof seseral 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
acrosghenetwork, becausehatis its commonusage.
All measuregorrespondo real time measuredvith
time , andaccountfor all the relevant screenupdate
operationsbecauseomeroperformsthem beforere-
plying to the client programs. To put measurements
in contt, a delay of 200msis perceved as instan-
taneoudy the user[5] whenusinga mouseoriented
userinterface(400msfor operationsnvolving several
screens).

Thetime neededo copy the userinterfacefor the
player programshavn in gure 1 (on the left, bot-
tom half of the gure) from one machineto another
is 365ms. This experimentusesthe standardomero
scriptfor copying panelswhich reliesontar to per
formthework. Thetime neededo readall theUl from
the le systemwas60ms,which leaves 305msasthe
time usedto createtheinterfaceandupdatethescreen.
This is what could be expected,becausdhe creation
of aninterfaceinvolvesratherslov screeroperations,
while accessinghe datafor theinterfacedoesnot.

Thetimeto remove thesamenterfacefrom adiffer-
entmachineusingrm, is 790ms.lt is higherthanthe
time to createthe interfacebecausanost paneldele-
tions leadto layout recalculationsyhile somepanel
creationscan be performedwithout recomputingthe
layout(andupdatingthe screen!).

Thetimeto hideoneof theWeather panelsof g-
ure 1 (nearthetop) is 8ms. Thecommandvasecho
hide with stdoutredirectedo thepanels control le.
Thetime to shawv the panelagainis also8ms. Most of
thetimeis spentonthe screerupdating.If we operate
on one of two large columnsshavn in gure 2, 6ms
areneededor hide and8msfor show.

Thetime to updatean attribute which doesnot in-
volve screenoperationswas 4ms when using echo
and 7mswhenusing cp to performthe copy of the
new attributevalues.Thistime wasindependenof the
numberof suchattributesupdatedoy the requestthe
measuresnvolved up to 10 attribute updatesper re-
guest). This suggestghat the performanceof omero
is reasonabléor attribute handling,becaus®therfac-
tors(e.g.the programusedto copy hew data)aremore
signi cative in themeasures.

Theperformancef omeroseemseasonabléo pro-
vide userinterfacesasourexperiencausingit for daily
work duringthe pastsix monthscon rms. Mostof the
lateny comesfrom the seriesof RPCsgeneratedy
the underlyingsystemto satisfythe le systemcalls
madeby theapplication.Thetime to updatethescreen
seemsto be the dominantfactor asit could be ex-
pected.

10. RelatedWork

Researclon userinterfacesand UIMSs (both for
penasie andtraditionalenvironments)hasbeenvery
intensve andstill is. We mentionhereonly the most
signi cative contendergo our work, and leave oth-
ersbehindbecauseahe differenceswith respecto our
work fall in oneor moreof the pointsstatedoelow.

An importantdifferencebetweenomeroand most
systemsnentionedelow is thatomeroprovidesa ex-
treme e xibility for users,allowing themto pick up
ary panelandmoveit, copy it, or rearrangehe setof
controlsin ary way desired. The useof generalpur
posecommandso operateonthe Uls is alsoa big dif-
ferencebetweeromeroandthesesystemswhich rely
onmorecomplex formatsandrequirespeci ¢ purpose
toolsto operateon theapplications Ul.

UBI [17] and Migratable Uls [6] supportthe mi-
gration of Uls, like we do. They do not permit us-
ing generalpurposetools (aswe do) andthey require
theintroductionof even morecompleity closeto the



toolkit (e.g., GTK) usedby the application. Instead,
our approachis to simplify andabstracthe serviceto
make migrationeasy

Acme [21] is the direct ancestorfor omero. Like
omero,it providesa programmes interfaceaccessed
througha le system.Also, mary of theideasfor the
screenlayout, mouseprocessingand several heuris-
tics aretaken from it. Unlike Acme, omeroprovides
a more abstractinterface, andtakesinto accountthe
needdor graphics.Besidespmeropermitsdistribut-
ing theuserinterface.

Omerotakesfrom both Sam[22], the Blit [19] and
Protium[29] the ideaof separatinghe programpro-
cessingrom the userinterface. The separatiorof the
programinto ox and omeroresultsfrom this. Samis
only atext editor, anddoesnot provide a generalwin-
dow system.Theblit wasawindow systemfor UNIX,
to multiplex a terminal, and was heaily tied to the
modelof operationn UNIX: A singlesener machine
with terminalsconnected.Omeroon the otherhand
permitsdistributeduserinterfacesandis more e xible
in letting the usercontrol the applicationsinterfaces.
Protiumusesa ratherdifferentapproachranddoesnot
allow generalpurposetoolsto be usedon Ul compo-
nents.

Regardingwindow systemsX [27] andPhoton[24]
permitapplicationgo createUl componentsemotely
but their API is ratherlow-level, unlike in omero.Fur-
thermorepncecreatedUl componentsretied to the
particularsenerusedandcannotmove. Thesamehap-
pensto window systemdike Rio andits ancestoi8-
[1, 20], whichdespiteusing les to providetheir APIs,
do not considermobility and replicationfor userin-
terfacesnor distribution of the applications interface
(furtherthandonein X).

Toolkits like GTK+ [28], Tcl/Tk [18], simplify the
constructionof the applications Ul, but still leadto
thesamedif culties mentionedabore. Anotherdiffer-
encebetweerour approachandthesesystemss thatit
is not feasibleto implementbrownserapplicationgust
by loading the relevant informationinto the window
systemandthenexiting.

Systemdike Fresco[8], Morphic [13], Gaia[26],
and Interactve Workspaceq9], provide middlevare
componentgor programmingdistributedUls. Unlike
omero, they requirethe applicationto usethe mid-
dleware chooserby the platform developers. Omero

justrequiresusing les, andthereforewe canusegen-
eralpurposeaoolson Ul elementsFurthermoreis not
cleanhow thesesystemadealwith protectionanddo-
nationof screerspacean asafeway. Ourapproachon
the other hand, relies on well-knowvn distributed le
systemtechnologyto authenticatendperformaccess
control for the users. This differencealso holds for
mostcomponenbasedniddlevaresfor distributedin-
terfaces(e.g.thatin the .NET framework).

Therearesystemdike [16, 11, 7, 4] thatuse XML
or similar declaratie descriptiongo encodespeci ca-
tions for userinterfaces,to permittheir adaptatiorto
the peculiaritiesof the devicesused,e.g. screersize.
In our case,it is the sener that servicesthe screen
who is free to adaptthe implementationof the pro-
vided panelsto the needsof the device. For example,
Poclet-PCamayshav only oneoutercolumn/rav ata
time, or useheuristicsto overlay them. Our approach
is differentin thatthe high level of abstractionin the
interfaceandits portability makestoolslike XML un-
necessaryBesideswe usethe sameapproacHor all
othersystemserviced3], they donot.

11 Conclusionsand Futur e Work

We have describedan architecturefor organizing
systemsupportfor userinterfacesbasedn using les
to representhe Ul componentsWe have shavn how
this canpermitdistribution andreplicationof Ul com-
ponentsin a simpleway. The architecturemalkes it
easietto usedifferentdevicesatthesameime andper
mits the userto split andmeige Ul componentsvith-
outplacingtheburdenin theapplication.We did shav
how generalpurposetools can be usedfor Ul com-
ponentsaswell. The implementationfor a working
systemthat usesthis approachlusedto write this pa-
per) hasbeendescribecaswell, togethemwith several
examplesof use.

In the future it would be interestingto explore how
to useour approachor applicationshat useconven-
tional Ul toolkits, to provide backward compatibility
for them. The heuristicsusedby omeromay alsore-
quirefurtherexperimentation Portingomeroto other
systemss alsodesirable.
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