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ABSTRAT. Mobile database and distributed systemgelying on wirelesscommunicéon net-
workshaveto dealwith variable levelsof connestivity. Thisdemonstation propose a genaic
DisconnectedbjectManagement{DOM) service called DoKX INT, that enableswork continu-
ity evenwhenweaklyconrectedor disconrected. For betteragility and fidelity, we offer both
application-avare and application-tanspaentadaptations.

RESUME.Les basesde donréesmobileset les systemesépartis utilisant les réseauxsansfil
doiventfaire facea defortesvariationsdu niveaude conrectivité.Cettedémonstation propose
un servicegénérique de gestiond’objetsdécomectésappdé DONINT qui permetde continue
a travailler enmodesfaiblementconnectéou mémedécomecté.Pour amélioer I'agilité etla
fidélité, nousoffrons une adaptation transpaentepour I'application ainsi qu’une adaptation
aveccollaboration entre I'application etle systeme
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1. Introduction

An importan charactastic of mokle ervironmentsis that they suffer from fre-
quen disconnetions. A disconnetion is a norma eventin suchenvironmentsand
shouldnot be consideredisa failure This hasa pradfoundimpacton how transaction
managmentis implemerted andhow dataconsisteng is guaanteedin suchernvi-
ronments[BAR 99]. We distinguishbetweertwo kinds of discomections:voluntay
disconrectionswhenthe userdecidego work ontheir own for saszing batteryor com-
municdion costsor whenradio transmissionsre prohbited asaboarda plane,and
involuntarydisconrectionsdueto physicalwirelesscommuicationbrealdowvnssuch
asin anuncoveredareaor whenthe userhasmoved out of the reachof a basesta-
tion. We alsohande the casewherethe communicationis still possiblebut notatan
optimallevel. It correspond to whathasbeencalledweakconrectvity [MUM 95];
it resultsfrom intermittert communication,low-bardwidth, highdateng or expersive
networks.

The weak connetivity of molile ervironments in conjunction with the relative
resouce poverty of handhelddevicesleadsto atradeoff betweerautonanousappli-
cationsandinterdegenden distributed applications. This trade-df is well explained
in [NOB 97] wheretherangeof stratgjiesfor adaptatiorbringsout threedesignal-
ternatves: nosystenmsupprt (laissez-faie strat@y), collaboationbetweerthe appli-
cationsandthe system(apgdication-aware strategy), andno charmgesto the applica-
tions(applicaion-transpaentstrat@y). Previousworks [JOS97, MUM 95 NOB 97,
PET97] have demamstratedthe possibility that a systemcan provide goad perfor-
manceeven whenthe network bandwidh variesover several orders of magnituct,
but alsothe needfor applicatia intervention to improve agility (speedandaccurag)
in reactionto changsin resouice availability andto specifyfidelity in termsof data
consisteng

The cortribution of this demorstrationis to proposea Disconneted ObjectMan-
agemeh(DOM) servicefor application-avare adaptatio in addition to applicatian-
transpagnt adaptatio. It is a servicethat enableswvork contintty in a transpagnt
manrer even whenweakly comectedor disconrected. This work shouldbe seenas
afirst steptowardsa comgete mobileinformationmanagerantsystemit defineshe
mainbasiccompnentsof agenericnfrastrictureto expetimentdeployment,replica-
tion andvariousrecortiliation stratgjies.

Theremainer of this presetationdetailsthearchitectue (Section2), theexanple
application (Section3) andthe demastration(Sectiord).

2. Architecture

In a classicaldistributed application with strongconnetivity, the graghical user
interfaceis loadedon the mobile termind andthe sener objectsare hostedon ma-
chinesof thewired network. Servicecontiruity while discomectedmpliestransfer
ring someelementof the senersto the mobile termiral befae loosingconrectiity,



logging operatimsor statechangsduring thedisconnetion, andre-integratingwhen
re-comecting In orde to suppot multipleapplicatiomsconcurently, somepartsof re-
sourcemanagmentandlog managmentarecentralisedandapplicationtranspaent.
For applicatim-awareress,theseservicesarerealisedby objectsthatacceptrequests
from applicatiors. The applicationaware resouce managmentserviceabstractgo
applications conrectiity information provided by the opeating systemandapplica-
tions can specify which resourcesand resouce levels correspad to bad, weak, or
strongconnedivity, thusimproving agility.

Figurel presentghe architectue of the DOM service.More precisely it depicts
UML-lik e collabomtion diagrans of the client sendinga requestto a remde object
whenthe connetivity is strong(case2.a) andthensendinga request in the caseof
weakconrectiity (case2.b).
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Figure 1. TheDOM servicearchitecture.

All the rectanglesn Figure 1 represenbbjeds. All the requestfrom andthe
resposesto the client areintercepted On reqiestsending theintercepor actsasa
switchbetweerthedisconrectedobjectDO andtheremoteobject.Onresposerecep-
tion, the intercepto detectgpossiblecommnunicationfailuresbetweernthe sendingof
therequestndtherecepion of therespose. A disconrectedobjectis anobjectwhich
is similarin designandimplemenationto the remoteobject,but specificallybuilt for
suppating discomectionandweak conrectiity. It is the application designers re-
sponsibilityto balarce betweenan easydesignanda morecomgex onethat adays
betterto connetivity variatiors.



Disconnectd objectsareassociatedia applicationrtranspagntportableintercep-
torsto theclient. If the client wantsapplicationawareadaptatio, it obtairs the ref-
erenceof the disconneted objectmanageDOM, for exanple, from a file storedon
themobileterminal. The DOM is the entrypointof the DOM serviceto find theother
managrs. Theresourcemanagr RM is afactoryof conrectivity managrsCMs. A
CM realiseshe abstractio of conrectivity informationrelatedto oneresoure. The
policy currently implemenedassociatea CM perlogical link betweera clientanda
remoteobject;it is thefinestgrarularity atthe middlewvarelevel.

The interceotor obtairs the comectiity information from the CM (1), andthen,
decideswherethe client’s requestmustbe issued. Whenthe connedtivity is strong
—i.e. in the conrectedmode—, the client’s reqiest leaves the mobile terminal to
reachthe remde object (2.a) As a result,the DO canna keepup to datewith the
latestreqiests. Therefae, the DO shoud periodicdly call the remde objectfor an
incremantal statetransfefKHU 02].

Whenthe connectiity becanesweakor null, forcing the client to enterinto the
partially conrectedor discomectedmodesrespectiely, the client’'s requesis issued
to the DO (2.b). Thereqeststhatfollow in the scenaricare application-degndent
becausehe DO is built by the application’s desigrer. The DO updatests stateand
prepaesanew reqlest,calleda DO requestfor theremoteobject. The simplestcase
is thatthe DO requestis equivalentin parametes’ conten andoperatia nameto the
client's reqest. Next, the DO asksits CM for conrectiity information(2.b1). We
give two possibleendsto this scenario 2.h2.aand2.b2.h

In the partially conrectedmock (2.b2.a) the operatims areexecuted locally and
remotely the DO sendsthe DO requestto the remde objectand updatests state
againif necessary In the disconneted mode(2.b2.b), the operationsare execued
only locally. If apprgriate,the DO encods the DO reqiestin a datacontainerand
sendsit to the log manaer LM. Periodically the LM decoas the logged reqiest
with a methal provided previously by the DO, teststhe connetivity (2.h2.h1) and,
if possible—i.e. partially conneted mode—, forwards the DO requestto theremote
object(2.b2.h2). Clearly, the execuion whendiscomectedis not equvalentto an
execution while conrectedor partially conrected.Thisis acceptale providedthatthe
conrectvity informationis visualisedoy aniconicimagein theclient'suserinterface.
This is very closeto the relaxed check-ait modepropasedin [HOL 00] wherethe
usersknow thatthey areviewing staledatabut it is still usefulfor themto do so.

In addition userscandisconrector re-canectvoluntarily by callingdisconnect ()
or reconnect() operatims; thesecalls are addessedto the remde objects,inter-
cepted,and (re-)drectedto the DO. In caseof volurtary discomection,the DO is
resporsible for initiating the loading of the statefrom the remoteobject. Whenre-
conrectingvoluntaily, the DO asksthe LM to flush the loggeddatapessimistically
thatis there-canectionis successfubnly if thelog is emptywhenthe call retuns.

For the partially conrectedanddiscomectedmodes, we log andpropajateoper
ationsinsteadof stateconterts/changesike in [PET97]. In fact, thisis application-



depenlentsincethe log managr doesnot interpret logged requests.The codethat
can parseand forward the loggedrequestss provided at initialization time by dis-
conrectedobjects(via objectby values(OBV) in the CORBA ervironment) thatwe
nameDO requesinterpreters.DisconnecteabjectsandDO request interpreterscan
log andpropagateeitheropemtionsor statechangs. Thelog managerecevesasan
in paraneteraDO requestinterpreer, thatis a descripion of the stateandthe codeof
theobjectthatis respomsiblefor theinterpetationof future loggedrequestsandanew
instancds automaticy createdn theexecutian entity of thelog managerProvided
thatall theDO requestinterpretersinheritthesameabstracinterface thelog managr
is genericandapplicatim-indgoendeh

For moredetailsontheDOM service moreespeciallyoninterfacesor application
awareadaptatio, thereadercanreferto [Viv02).

3. Example application: A wireless email browser

This sectionillustratesthe adaptatio of an email browvser to wirelesserviron-
ments. Our email browser offers the basicfunctioralities of well-knowvn software
suchasNetscapeMessengeor Microsdt IE. The userhandlesmessagesommsed
of abody anda heade itself divided into anidentifier, the namesof the senderand
therecever, a subject,the dateof sending anda status(reador unread. The main
functionalitiesprovidedby thegraphical userinterface(GUI) aresendingreplying to,
forwarding, receizing anddeletinga message.

In thefirst version of the email browvsernamed-centralised;, the GUI is execued
into the sameexecution entity asthe usermailbox objed. The mailboxobjectplays
two roles: (1) the mailbox objed storesreceved emails; (2) for sendinga message,
theGUI sendghemessagéo themailbax object,thelattergetstherecevers addess
from the mailbox managr objectand forwards the message.A secondexecuion
entity contairs the mailbax managr thatis respossible for creatiry, deletingandlo-
calisingthe mailboxobjects.

The secondversin of the email brovsernamed‘distributed is obtainedby sep-
aratingthe GUI andthe usermailbox objectinto differert execuion entities. The
GUI is launchedby the userin the mobile terminaland comrmunicateswith the cor
respoiding mailbox objectvia wirelesslinks. Sincesomeof the datathatarecopes
of the mailbox objects dataarelocally storedwithin the GUI, the distribution leads
to theseparatia of GUI's operdionsinto two groups: theoperatimsthatonly impact
local (GUI's) dataandthe onesthat are carriedover the mailbox objed straightaf-
ter beingexecuedby the GUI. A typical operdion of thefirst group is the operdion
changeStatus () of the GUI sayingthata messagé&asbeenreador unread In the
centralisedrersion, the opeaationis synchraously performedon the mailbox object.
Now, it is appliedandloggedby the GUI in orderto avoid generatig too mary re-
guestonthewirelessnetwork. At the next remoteoperatia execution,for instancea
callto receiveMessage (), thelog of local operdionsis transmittedasanargument



andappliedto the mailbax objectbefae the processingf theremde opeation. So,
the effectsof changeStatus() areseenbeforethe effectsof receiveMessage(),
asin thecentralisedrersion Therefae, the GUI logsall its local opeationssincethe
lastremoteopertionthatdo notneedto be processedemdely in asynchonousway.
Anothe conseganceis thatall theremoteoperatims have astheir first agumentan
arraycontainng thelist of local operatios. This designpatternis rathersimpleand
canbeappliedapplyto distributedapplicatiors thatarepiecewise determiristic.

However the quality of the wirelesslink, in order to load datafrom the mailbox
objectat a corvenient rate and quartity, messagesre readin two steps: first the
headernext theconten. Theuserbrovsesthesetof headesandloadsonly thedesired
conterts. Thereasonsor thisdistinctionarethatcontentsareusuallymuchlargerthan
heades, andbeingoptimistic, userswill notreadevely contett whereaghey readall
the headers Another way to adaptto the wirelesslink is the additionof “collective”
operdionsthatreadanddeletegroypsof messages.g. all theread/umeadmessages,
all themessages.

In the conrectedmode the client’s requestsaredirectly sentto theremde object.
Hence,the stateof the disconmectedobjecton the mobile terminaldoesnot evolve.
The adwartageof this modeis thatthereis no indirectionandthe stateof the discon-
nectedobject canbe empty thussaving memay. Whenthemobiletermiral becones
partially conrected the intercepor callsthedisconnect () operatim onthediscon-
nectedobjectwhich in turn callsthe disconnect () operatim on the remde object
to transferthe state.

In the partially conrectedmode, the operagions areexecuedlocally andremotely
If theprotaypeof theoperatio containonly in paraneterstheoperdionis execued
locally first andthenremotelyso thatthe disconneted objectremainsup to date. If
the prototype contairs only out paranetersanda returntype, the operatia is exe-
cutedremdely first andthenlocally. The corsequencés thatthedisconneted object
remainsup to datewith the dataloaded from the remoteobjectbefore it resporlsto
theclient. Themixing of in, inout, andout paranetersandaretum valueis letasan
openissuein our first study Another openissueis the suppat of excegionsthrown
by the senersandsentasrespmseso theclients.

Inthedisconrectedmode theoperatimsareexecutedonly locally. If theprototype
of theoperaion containsonly in paraneters theopeationis logged If theprototype
contairs only out paraméersandareturntype,whetheror nottheoperaion is logged
depenls on whethe the stateof the target objectchamges. The mixing of in, inout,
andout paraméersandareturnvalue andthethrowing of excepionsraiseshesame
difficultiesasmentimedpreviously. In addition,recallthatevery operatio hasasits
first algumentan array representinga log of operatims that werelocal to the GUI.
Thislog is alsoaddedo thelog of thelocal copy. Of couse, thisfirst agumentis an
in paraneterbut doesnottake partin the previousdiscussionsFinally, animportant
hypothesisof this studyis thatthe remoteobjectcanrot be accessedonairrently by
otherclientswhile thecurren clientis discomected.Thus,therecortiliation is eased



and kept simple. The transition betweenthe disconneted moce and the partially
conrectedmoce correspadsto thereplayof the opeationslogged by thelocal copy.

4, Demonstration
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Figure 2. Thedemostration with thewirelessemailbrowser

For implementing andvalidatingthe DOM service, CORBA [OMG 01] hasbeen
choserfor its ability to be usedin multiple domainsandfor providing extensibility
mecharsms suchas portable intercepors to build apgication-trarsparentservices,
andobjeds by valueto build applicdaion-avare services Disconnetedobjects, being
COREBA objects,areaccessibldrom everywhere sofrom all the applicatiors of the
mobileterminal. Anotherrationalefor lettingthediscomectedbjectbeing a CORBA
objectis thatit canusestandardcCORBA servicessuchasnaming evert notificatiors
or transactiosindependentlyof the framework. Detailsof thedesignandimpleman-
tationcanbefound in [CON 02].

We have corductedserieof perfamancemeasures differentsoftwareandhard-
warecombirations(laptgp PCandiPAQ PDA, runnirg Windows or Linux). For wire-
lesscommunications,a CompadgEEE 802.11b WL110 cardat 11Mbpswasplugged
in all devices andwe useda softwarebasestation. Thedemorstrationshowvs thewire-
less email browser exanple apgication involving threeclients with threedifferent
hardwareandsoftwareconfiguationsandonesener. Figure2 dravs anoverview of
thedemorstration.



5. Conclusion

This demastrationproposesa genericservicefor Disconneted ObjectManagg-
mentthat canbendit to distributedapplications ruming in mokle ervironmerts. It
deconposesinto a discomectedobjectmanagerantinterface aresourcananaer, a
conrectvity marageranda log manag@r. In the exanple application we have pre-
sented,discomectedobjectsare proxies of sener objects,but codd be proxes of
databasesSimilarly, thelog man@erlogsoperationson sener objects but couldlog
databaseoperatims. The protaype we have realiseddemastrateghat sometoday
handhelddevicesandafortiori futuremobiledevicescanembedour framework, that
includesacompleteéORB. We have presetedaprototypeof anemailbrowvserexanple
application. TestswererunonbothalaptopPCandaniPAQ PDA. Theperfamance
resultsshav thatthe DOM serviceoverheadis negligible for theenduser
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