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ABSTRACT

This paperfocuseson coordinationmiddlevarefor distributedap-
plicationsbasedn active documentandXML technologieslt in-
troduceghe mainconceptsinderlyingactive document&nd XML
Then, the papergoesinto detailsaboutthe problemof defininga
suitablemiddleware architectureto effectively supportcoordina-
tion actvities in applicationsincluding actve documentaandmo-
bile agents,by specificallyfocusingon the role playedby XML
technologiesin that context. Accordingto a simple taxonomy
the characteristicef severalmiddlenvaresystemsareanalyzedand
evaluated.This analysisenableausto identify the adwantagesand
theshortcomingof thedifferentapproachesandto identify the ba-
sic requirement®f a middlevarefor XML-centric applications.

1. INTRODUCTION

Thecorvergenceof InformationandCommunicatiorTechnologies
offersnew opportunitiesor industry researchandteaching andit
is pushingthe developmentof novel appliancesapplicationsand
services Peoplewho areusingthesetechnologiesaremostlyinter-
estedin communicatingor accessingontentsthatis information
transmittedand storedin form of electronicdocuments.Thereis
a wide, everincreasingrangeof Internet-basedpplicationsand
servicesthat are document-centricmeaningthat they are made
of componentsvhich agreeon somedocumentontology to ex-
changestructureddatain form of documentzomplyingwith such
anontology SeveralInternetapplicationsdealwith documentex-
changesfor instance CSCWsystemgypically dealwith accesses
to sharedwvorkplacesor documenspaces.

From a software designviewpoint, peopleareactively developing
novel methodstools andinfrastructuredor document-centri@ap-
plications,becausst is still unclearhow they shouldbe designed
at a world-wide scale. Document-centricomputingmodelsare
neededn orderto study compareand designtheseapplications.
In this context, we ervision a trendtoward computingmodelscen-
teredaroundthe conceptof active andmobile documents.On the
onehand,documentsnaybenotonly thepassie partof asoftware
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systembut, instead canintegrateactive behaiors andcanbe able
to handlethemselesandto coordinatewith otherapplicationcom-
ponents.On the otherhand,suchbehaiors canincludethe capa-
bility of moving themselesover a network. The succes®f XML
technologiesoncurto acceleratehis trendby providing easydoc-
umentprocessingand dataportability, that is, by facilitating the
shift towardsactive documentHowever, for suchashift to become
viable it necessaryo clarify the role andthe characteristicef the
middlevarethatshouldsupportactive documengpplications.

Sinceseveralapplicationsaremulti-componentandmulti-documents,

thereis the needof suitablemiddlevareto supportthe relatedco-
ordination actiities. Interestingly the definition of a coordina-
tion middlewareoffersthe possibilityfor the exploitation of XML-
basedactive documentsn theframework at differentlevels. While
therole of XML for definingdocumentsanbe eitherpurely pas-
sive, namely structuringdata, or behaioral, namely defining its
rendering,it is alsopossibleto exploit XML in middlevareasan
integral part of the underlying coordinationframewvork and, say
useit to definethe coordinationspaceaswell asthe coordination
laws in termsof actve XML documents.

Our goalin this paperis analyzingthe role that XML canplay in
moderncoordinationmiddlevarefor documentgentapplications.
A very simpletaxonomyis introducedto identify the possibleex-
ploitationsof XML in thatcontet. Several systemsareanalyzed
andevaluatedaccordingto this taxonomy By this, we identify the
adwantagesindthedravbackof the differentapproacheandiden-
tify several questionsand problemsthatare currentlyunanswered
by thesesystemsaindremainasfutureresearctthallenges.

The remaindef this paperis organizedasfollows. Section2 in-
troducesactive documentasdocument-agentSection3 describes
someXML-basedcoordinationmiddlenvare supportingthe ontolo-
giesof document-agentsSection4 discussesomeopenresearch
issues Section5 dravs our conclusions.

2. DOCUMENTS AS AGENTS

What are active documents?From a software designerperspec-
tive anelectronicdocumen{e-documentor short)is akind of data
structurethatapplicationscanexchangeandprocessBy definition
adocumentsnusthave somekind of contents:Data,text, images,
music, mong, etc. In addition, any documenthasa representa-
tion anda structure. Thesearedefinedby codeslike ASCII, tags,
formattingcommandsetc. Thus,we cansaythata (passve) docu-
ment= content+ representatian



E-documentgancontainmeta-level or structuralinformationused
by external,document-processirentities(e.g.,humanssearcten-
gines, or printers)to index or even "understand”its contents. A

glossaryin a book, or a a headerof a BMP file are examplesof

meta-level information. Instead,sometagsin HTML files or in

Tex documentsareusedto definestructuralinformation. It is quite
importantto distinguishthe declaratve power of structuralinfor-

mationfrom the proceduralinterpretatiorthatis necessaryo ren-
der or genericallyprocessa documentaccordingto its structure.
For instancethe renderingrulesof HTML documentsarebuilt in

the browser: thereis no specificbehaior associatedo a docu-
ment,thusdifferentbrovserscanhandledifferently differenttags.
In contrastXML tagsarenotassociatetb ary predefinedehaior

of externalapplicationsthusthey arepurelydeclaratve [24].

The abore characteristic- togetherwith its intrinsic portability
— is one of the main driving forcesin the increasingsuccesf
XML, intrinsicaly promotinga shift from passie to active doc-
ument. In fact, the computationaktode associatedo the render
ing/manipulationof XML documentgor to XML documentype)
canbe associatedo the XML documentusinga companionXSL
stylesheef25]. The XSL-T languagecomponenbf XSL allows to
defineby rulesthetree-basedhanipulatiorof adocumentwhereas
usingthe XSL-FO languagecomponentsve candefinetherender
ing behaiors. It is alsopossibleto useafully fledgedprogramming
languageénsteadof XSL-FO:in thiswayadocumentanbeassoci-
atedto ary kind of behaior expressableisinga Turing-equvalent
language.For instancea documentrepresentingx programcould
be associatedo someway of animatingits own symbolic execu-
tion. We definesuche-documentgarryingtheir own behaiors as
"active”, in contrastwith passie documentsvhich rely uponap-
plicationsto be manipulated.More precisely an actve document
is definedas (active) document content+ structuret+ behaiors.

2.1 Towards DocumentAgents

Whena documentencaspulatelocument-specifibehaior, deter
mining how the documenttself hasto be handled(for instanceby
specifyingdocument-specifibehaiors relatedto renderingor to
its structuralmanipulation),it cannotbe longer considerdsimply
a document. Instead,suchan actve documentcan ratherbe as-
similatedto a softwarecomponenbr — in somecases- evento a
softwareagent[13]. Therearetwo differentclasseof documents
thatcanbe consideredhctive.

Whentheinternalbehaior of adocumenis intendedasa service,
to be usedby external applicationsor componentg¢o handlethe
document,the documentcan be assimilatedto an objectand, as
that, is natureis simply reactive For this classof active docu-
ments,of which a large numberof examplescanbe foundbothin

theliterature[12, 10] andin commercetheinternalactiity of the
documents triggeredby request®f accessinghe document;

When,insteadthedocumenintegrateautonomoushreadsof con-
trol, thedocumentanexhibit proactivebehaior and,asthat,it can
be somehw assimilatedo a softwareagent.For this classof doc-
uments,we usethe term “documentagents”to characterizeheir
twofolds natureof documentandof softwareagents.

Severalresearchworks recentlysuggestnterestingapplicationsof
documentagents.For instance a proactive agendacanbe able of
alerting usersand re-oiganizingthe scheduleof a meetingby in-
teractingwith the proactive agenda®f the otherusersinvolvedin

themeeting[18]. A proactve Web-basedlocumentanlook in the
Webfor furtherrelateddocument®f potentialinteresto auser{7].

2.2 Mobility and Coordination

If active documentan be assimilatedo software components-
whetherobjectsor software agents— thenthey canbe usedasa
building blocksfor the developmentof complex distributedappli-
cations.However, this mayrequireproviding documentawith two
additionalfeatures:the capability of transferringthemseles over
the nodesof a network andthe capabilityof coordinatingtheir ac-
tionswith otheractive document.

The first feature,mobility, is intrinsic in the very conceptof in-
formationand, so, of documents:a documentis createdto trans-
fer/move information. By adoptingopendataformats,like XML,

mobility of passve documentds automaticallyachiered. How-
ever, whenthe documentotherthandata,may include behaiors
andthreadsf execution,to enablet to move from oneplaceto an-
other—asamobileagent4] —requiresalsocodeportability aswell
asthe presencef a softwareinfrastructure-i.e., of amiddlevare
— enablingandsupportingactive documenimobility [18].

The secondfeature,coordination,is necessaryor the bulding of
comple multi-componentor, better multi-documentppplications.
Whenonly reactive documentsareinvolvedin anapplication,co-
ordination betweendocumentsoften assumethe form of simple
client-serer interactions. However, assoonasthe applicationis
built by makinguseof documentgentsijnteractionsaandcoordina-
tion actvities arelik ely to expresamorecomplex anddynamicpat-
terns,asit canbethe caseof anactive agenddrying to re-schedule
ameeting.Again, a suitableinfrastructureis necessaryo support
coordinationactiities of documentgents.

3. COORDINATION MIDDLEW ARE & XML
Middleware is conceved as a software layer that abstractsrom
the heterogenousharacteristicof differentarchitecturespperat-
ing systemsprogramminglanguagesind networks in distributed
systems.It integratestheseinto onesystemby providing services
that provide functionality basedon the given commonabstraction
andthatareimplementedn top of the namecdheterogeneousom-
ponents.Amongthe variousservicesypically offeredby middle-
ware, we are mostinterestedn facilities for the coordinationof
document-centriactivities. Coordinationis usuallyconsideredo
be the managemenof dependencieamongstactiities [15]. As
such,coordinationmiddlevareis intendedto integratefunctionali-
tiesto enableandrule thecoordinationactiities of heterogeneous

Coordinationmiddlewareis difficult to design. The provided ab-
stractionhasto dealwith the centralissuesof how datais com-
municatedhow actvities are startedand synchronized.The het-
erogeneityfound is very broad, rangingfrom RPCs,objectinvo-
cations,componenusageto agentinteractionwith differentchar
acteristicssuchasone-to-oneor one-to-may communicatiorand
synchronization.In addition, modernmiddlevare hasto support
mobility of applicationcomponentsysersanddevices.

3.1 Document-centricMiddlewar e

With the beginning of the 90ies,several companiegried to estab-
lish standardgor middlevare architecturesupportingactive doc-
umentsandtheir coordination([1]).

Thesemiddlewvare architectures- groundedin the works of dis-
tributedobjectapplicationsandmiddleware,like CORBA — estab-
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Figure 1: Document-centricMiddlewar e

lishedanotionof documentsnto which“components’or “objects”
wereincluded. The componentgontaineddataor softwareto ma-
nipulatethat data. They weredisplayedto the userandaccepted
input for direct manipulation. Somecontrol infrastructureoffered
servicesto coordinatevia client-serer interactiongthe interwork-
ing of differentcomponentsAs thecomponentgsouldbe of differ-
entsource thesecomponensoftwareintegrateddifferentservices
into oneapplicationrepresentedsadocument.

The two major playersin the middle of the 90ieswere OpenDoc
from ComponentntegrationLaboratoriesa consortiumsupported
by Apple,IBM, Taligent,Novell, andSunSoftandOLE2from Mi-
crosoft. Both offeredsimilar functionalitywith somedifferencesn
the objectmodelsused. In contrastto todaysXML orientedmid-
dleware, objectsand datawere representedn a binary formatin
both andthe framavorks wereratherheary. While OpenDocwas
not ableto gain wider acceptanceQLE?2 is a grandatherof Mi-
crosoftsCOM and.NET framevorks. With CORBA, acomponent-
and object-standardvas establishecht the sametime that found
greatacceptancahich however did notincorporatea strongdocu-
mentmetaphar

With XML, document-centriabstractionsirerevitalized,andsev-
eralinterestingmiddlevaresystemdor coordinationhave beenre-
centlyproposedn which XML anddocumentgentgplayacentral
role. We discusdn thefollowing whatrole XML canplay in mid-
dlewarefor moderndocument-centri@applicationswith a specific
focus on coordination. The systemsunderreview fall into three
main cateyories(Figure 1). They canoffer servicesnot basedon
XML for theuseof XML-baseddocumentagentsat the otherex-
treme,they canoffer coordinationservicesbasedon XML tech-
nologiesand XML active documentor they canadopta fully int-
gratedapproachfor XML-basedcoordinationservicesin a world
of XML documentgents.

As a casestudyfor the comparatie analysisof thesemiddlevare
systemswe usea small scenariofrom financial serviceswhich is

motivatedby [2]. Assumethata personhastwo bankaccountsA

andB. If he or shewantsto withdrav anamountfrom accountA

which is largerthanthe currentbalancethere,the bankingsystem
shallautomaticallytry to transferthe missingsumfrom B andpro-

ceedwith the transaction.If A andB togetherhold lessermone/

than requestedthe transactionfails. Aside from thosedataand
servicesneededo represenandhandleaccountsA andB, anad-
ditional coordinatorservicehasto offer thefunctionalinterfacefor

theuserand,morerelevantto our purposesit hasto beableto co-

ordinate(or support)actionssuchas: evaluatingwhethera transfer
is necessaryrom differentaccountand providing for thesewith-

drawal operations.Centralissuesfor the coordinationmiddlevare
usedhereis to provide its servicein a rathertransparenmanner
andto integrateA andB which might be locatedat differentbanks
possiblyusingdifferentsystems.

3.2 Middlewarefor XML DocumentAgents
Thefirst category we look at concernaniddlevarethat offers ser
vicesfor agentghatarespecifiedusingXML and“run” in anXML
ervironment. Theworld theagentdive in is completelyXML ori-
entedandthe middlevareunderstudyoffers serviceso make doc-
umentsbecomeactive andto let themcoordinatewith the outside
world, althoughthemiddlewarein itself is implementedutsidethe
XML world, i.e.,without exploiting XML technologies.

3.2.1 Displets

The basicidea of the Displet approach([8]) is to provide an ac-
tive documentervironment, where XML documentscan be en-
richedwith application-specifibehaior in orderto, say let them
be effectively renderedor transferrecbver a network. Specifically
Displetsare software modulesthat are attachedo an XML docu-
mentandactivatedwhensomepre-declaredagsareparsediuring
the manipulationof the document:in short,a displetsupportshe
specificatiorof the treatmenbf eitherexisting or new tags.A dis-
plet may print text strings,displayimagesor make useof graph-
ical primitives, or do ary neededactionin the contect of a multi-
documentpplication.

Thefirstreleasef Displetswasproposednainlyfor creatingH TML
extensionsn aprincipled,generaway. Theideawasto be ableto
supportinew tagsonaperdocumenbasiswithoutary explicit sup-
portfrom commerciabrowsers,andto provide the documentwvith
the proceduralrenderingsupportneededo createin a document
andvisualizeary kind of graphicalobjectwith styles font,images,
andgraphicalprimitives.With XML, thedispletapproacthasbeen
adoptedasatool for therenderingof XML documentsNow, Dis-
pletsare going to becomea general-purposernvironmentfor the
definitionandthe executionof XML documentagents.

The centralideaof Displetsis to attachbehaiors, in termsof Jaa
classesto XML documents.An XML transformationstylesheet
canbedefinedto transforma“normal” XML documeninto anac-
tive one. TheDispletsparseitransformghedocumeninto aDOM
tree, thatthe XML stylesheetantransforminto a differenttree,
alsoby attachingto the tree specificationof Java classedevoted
to associatedpecificbehaiors to specificportion of thetree. The
nev XML documentobtainedfrom this transformationcan thus
have becomean active document. There, Java classesdetermine
the behaior of thedocumenwhenmanipulatedy externalappli-
cations(e.g.,browsersandprinters),andrunnablethreadscande-
terminethe autonomousehaior of the documentvhenexecuted.

Displetsdocumentgentanhave associated privateinternalbe-
havior, devotedto determinghebehaior of thedocumenttself, as
a stand-alonentity. However, it is alsopossibleto think attaching
to a documenta behaior relatedto the interactionof a document
with otherdocumentjn the contet of a multi-componentpplica-
tion. Figure2 illustratesthe Displetsapproactto coordination:in
additionto the behaiors relatedto the internalhandlingof a doc-
ument,a setof documentcan shareand have attachedhe beha-
ior devotedto implementandcontrolthe executionof coordination
patternamongthe set.

In the casestudy it is possibleto think at having a client docu-
mentagentsjn chage of receving inputsfrom the client, storing
it internallyin XML format,andof renderingbackto theclientthe
XML datareportingthe resultsof the accountoperationgdo it. All

theseoperationsarebeinghandledvia properbehaior attachedo
thedocumentigent.In addition,it is possibleto attachto the client
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documentgentthe behaior neededo coordinate-i.e., to negoti-
atewithdrawal —with thedocumentgentsievotedto managéank
accounts.The documentagentshandlingbankaccountthen,can
integratethe coordinationpolicies neededo handlethe situation
in which a clientrequestsa sumwhich is not locally available, by
makingit startanegotiationwith thedocumentgenthandlingthe
otheraccountof auser

The main problemof the Displet approachis that documentbe-
haviors, which include the behaiors devoted to the implemen-
tation of coordinationpatterns,are hardwiredinto documentsat
compiletime. This canmalke it hardto exploit Displetsin open
ervironmentsandin mobile setting,wherea documentcan move
acrosdlifferentsitesandneeddgo interactwith differentdocuments
accordingto different coordinationpatterns. For the casestudy
changeso thepoliciesadoptedy thebanksto handleaccountsand
withdrawal would requirea changean the coordinatiorbehaior at-
tachedto anapplet,andwould requirerebuilding thedocument.

3.2.2 OtherAppradces

Other proposalsaim at providing frameworks for making XML

documentsactive by enrichingit with behaior, e.g.,JXML [11].

However, most of this frameworks are quite limited with regard
to multi-documentoordination.In mostof the casescoordination
betweerdocumentsimply amountatenablingclient-senerobject-
orientedinteractionsandthereis no possibility of expressingmore
complex coordinationpatternsandcoordinationlaws.

An interestingapproacthis adoptedn the Adlets systemfor infor-
mationretrieval [7]. There,the basicideais to enrichWeb-based
document¢XML, but notnecessarilyyvith aproactve declaratve
behaior. The goalis to make a documentable to autonomously
look in the network for relateddocumentsTo this end,the Adlets
middlevare enablea documento proactively move acrossthe In-
ternet(asif it werea mobile agent)andto coordinateitself with
otherdocumentso discoverrelationshetweerdocumentsnd,even-
tually, to returnto usersclustersof relateddocuments.

3.3 XML Middlewarefor DocumentAgents
The coordinationmiddlevare describedn this subsectiorexploit
XML at the middlewarelevel in itself. In particular they assume
thatthe coordinationactivities of applicationagentsoccurandare
ruledvia accesse® sharedXML informationspacesin whichthe
laws ruling coordinationresideand are enacted. To someextent,
thesesystemsnaletheinformationspacen itself becomeanactive

documentagent,which is ableto determinethe laws accordingto
whichits datacanbe accessedndmodifiedby applicationagents.

3.3.1 XMLSpaces

In the coordinationanguaged.inda, tuplesareprimitive datawith-

out higher order valuessuchas nestedtuples, or mechanismgo

expressthe intentionof typing fields suchasnamesetc. For Web-
basedsystemsa richer form of datais needed.It hasto be able
to captureapplicationspecifichigherdata-structuresasilywithout

the needto encodetheminto primitive fields. The format hasto

be opensothat new typesof datacanbe specified. And it hasto

be standardizedh someway, sothatdata-itemsanbe exchanged
betweerentitiesthathave differentdesign-origins XML fulfills all

thosecriteria.

XMLSpaceq[22]) is anextensionto the Lindamodelwhich senes
asmiddlevarefor XML. In XMLSpaces XML documentsrefields
within thecoordinatiorspace Thus,ordinarytuplesaresupported,
while XML documentganberepresentedsone-fieldeduples.

Relation Meaning

Exactequality Exacttextual equality

Restrictecequality Textual equalityignoringcomments,
processindnstructionsetc.

DTD Valid towardsaDTD

DOCTYPE UsesspecificDOCTYPEname
XPath Fulfills anXPathexpression

XQL Fulfills anXQL expression

AND Fulfills two matchingrelations

NOT Doesnotfulfill matchingrelation

OR Fulfills oneor two matchingrelations
XOR Fulfills onematchingrelation

Table 1: Matching relationsin XMLSpaces

A multitudeof relationsamongsXML documentsanbeusedfor
matching. While the onesshaw in table 1 are supplied,the sys-
temis openfor extensionwith further relations. XMLSpacesis
distributedsothat multiple dataspaceenersat differentlocations
form onelogic dataspaceA clearly separatediistribution policy
caneasilybetailoredto differentnetwork restrictions.Distributed
eventsaresupportedsothatclientscanbe notifiedwhenatupleis
addedor removed somavherein thedataspace.

The casestudyabove would facilitate XMLSpacesto representhe
stateof theaccountsh someXML representationt would bevery
likely thatsomesecurerepresentatiomechanismie. XML Signa-
ture, would be usedandthata specificadditionalmatchingmech-
anismwould ensurehataccountinformationis protected.Theac-
tual coordinatorcomponentwould be implementedin somelan-
guagerunningon the Java Virtual Machine. It would explicitly en-
codethe rulesfor transferringmonegy betweenthe accountsusing
therespectie mechanismsef thechoserprogrammindanguage.

3.3.2 MARS-X

The MARS-X coordinationarchitecturg([5]), implementedasan
extensionof theMARS architecturd][3]), definesaLinda-like mid-
dlewaremodelto enableagent(specifically mobile Jarza agents}o
coordinatetheir activities via Linda-like accesgo sharedspace®f
XML documents.



Unlike XMLSpaceswhichoperatestthegranularityof XML doc-
umants,MARS-X adoptsa morefine-grainedapproachandcon-
sidersary XML documenin termsof unstructuredetsof tuples.
Forinstancetherecordsof anXML documendescribingbankac-
countswith datavaluestaggedasname numberamountcanbein-

terpretechsabagof tuplesin theform account(name,numhamount)

Accordinglyto this perspectie, adocumentndits datacanbeac-
cessedndmodifiedby exploiting the associatie operatiortypical
of theLinda model,andagentscancoordinatewith eachothervia
exchangeof documenttuples,andvia synchronizatiorover tuple
occurrences.Specifically MARS-X provides agentsa JazaSpace
interfaceto accesgo a setof XML documentsn termsof Java
objecttuples.This choiceforcesagentgo be Java agents.

To supportwide-areacomputationMARS-X promotesanarchitec-
ture basedon a multiplicity of independenKML dataspacegach
to beconsideredsalocal resourceof aninternetnodeor of alocal
domainof nodegseefigure 3). By maving acrosghelnternet,mo-
bile agentscanaccesgo differentXML dataspacesvhenanagent
arrivesin anode,it is automaticallyprovided with thereferenceo

aMARS-X tuplespacednterfaceassociatedb the XML dataspace.

A peculiarcharacteristiof MARS-X dataspaceis thattheirbeha-
ior in responseo agentaccessesanbe programmedo implement
specificaccessnethodsaandspecificsynchronizatiorandcoordina-
tion patterns Both administrator@andmobileagentqthelatterin a
quiterestrictedway) caninstallin anXML dataspaceeactionsas-
sociatedo specificacces®perationsperformedy specificagents,
with specificparametersThesereactionsoverridethe default be-
havior of the performedoperationsand, for instance,can modify
the resultof the operationghey are associatedvith, canmanipu-
late the contentof the XML dataspaceand canaccesswvhatever
kind of externalentity they needto access.

Theprogrammabilityof MARS-X dataspacemalesthe XML data-
spacein itself becomeanactive document.In fact, althoughagent
canaccesshe dataspacalwayswith the samelimited setof oper
ations,the dataspacéself canreactto this accesseby behaing in
differentways. The reactionin the dataspaceandecidewho and
whencanreadand/ormodifieswhich XML documents.In addi-
tion, sincecoordinationbetweenagentsoccurvia dataexchanged
by meanof thedataspacehebehaior of thedataspaceanbeused
to globally rule the actiities of multiagentapplications.

Comingbackto thecasestudywith theavailability of theMARS-X
middlevare,onecanthink thateachbankmalkesavailableto agents
anXML dataspacwith dataaccountWhenin needof withdrawal,
the client cansendhis personalgentto accountA first, to query
the dataspacéor his own data,to checkthe neededwailability. On
availability, the client agentcan eventually withdraw the required
amountby putting a specifictuple in a specific XML document.
Theinsertionof thattuple cantriggerthe actiity of the objectde-
votedto manageaccountdata,that will take careof actually per
forming the transactionand sendingback the resultto the client
agent,againin termsof atupleinsertedn thedataspace.

Theprogrammabilityof thetuplespacecanbeeffectively exploited
in the casestudyto orchestratetransparentlyto client agentsthe
cross-checkindor availability in differentaccountsandthe pos-
sible needfor withdraving portion of the total sumfrom different
accountsForinstancewhentheclientagentequestatotalamount
to accountA, andthatamounts notlocally available,thereactions
in the dataspaceantrigger the activities of anotheragent,which

Locally Node/ Local Domain

Executing of Nodes
Agents

i
Linda-like (JavaSpace) interface

XML Dataspace

Reactions: meta-level tuple space

Figure 3: The MARS-X Ar chitecture

is in chage of going to accountB dataspacéo checkif enough
furthermoney is availablethere,andlet accountA dataspaceeply
to clientagentaccordinglyto thetotal distributedamountthatcan
bewithdrawn. In a similar way, whenthe client eventuallydecides
to withdraw, the XML dataspacesan coordinatethe actiities of
theagentghatwill actuallyperformthe partialwithdrawvs from the
differentaccount. The possibility of controlling the executionof
complex coordinationpatternsvia specificbehaior of the XML
dataspacendtransparentlyto agentis, beyond the casestudy a
generaldwantageof the MARS-X approach.

A drawback of the MARS-X approachss thatit introducesa big
mismatchbetweerthe format of the datain the dataspacandthe
format of the dataprivately managedy the agent:the former be-
ing XML documentsthe latter Java objects. Let us supposehat
theclientagentof the casestudyhasto reportbackto theclientits
resultsviaa XML page.ln MARS-X, this actiity reportis fully in
chage of the client agent,while thereis no possibility of directly
reportingin termsof XML documentsthe information that the
agenthasretrieved from the accessedlataspacesThis would re-
quiretheclientagento directly manipulateandrepresenits world
in XML terms.This would requireagentto be not Jasa agentsbut,
instead XML documentgentse.g.,Displets.

3.3.3 XMIDDLE

The XMIDDLE middleware ([16]) implementsa coordinationar-

chitecturesomevhatsimilarto the MARS-X one: coordinatiorbe-
tweenagentsoccursvia accesseto sharedXML documentsand
a limited form of programmabilityis madepossibleto rule these
accesseddowever, XMIDDLE implementsa specificarchitectural
solutionsto male it a suitablemiddlevare for mobile computing
andad-hocnetwork.

Thebasicideaof XMIDDLE is to make coordinatioramongagents
(or, in generalamongthe processesf a distributed computation)
occurby accessing sharedXML tree,via a specificlanguagefor
gueryingandmanipulatingsemi-structurediata. However, in mo-
bile setting,whereprocesses/agesandisconnecandre-connect
at ary time, this introducespeculiar problemsrelatedto the ac-
cessedo thetree. In fact,in XMIDDLE, anagentcanaccessand
modify thedataonan XML tree,aswell asits structure(seefigure
4). Whenthat procesdisconnectgrom the network or becomes
outof reachin the caseof anad-hocnetwork, it is providedwith a
local replicaof the tree (or of oneof its sub-tree) Whenthe agent
re-connectspr is in reachagain,the global tree hasto be recon-
structed asit could have beenpossiblyindependentlynodifiedby
differentagents. To handlethis situation,XMIDDLE enableshe
programmabilityin thetree,of specificeventhandlersin chageof
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implementingapplication-specificeconciliationpolicies, devoted
to coherentlyreconstructhe structureof atree.

In the casestudy it is possibleto conceve thata bankmakesavail-
ableoneor moreXML treeswith the bankaccountdata,to be ac-
cessedasin MARS-X, by client agents. In addition, unlike in
MARS-X, theseclient agentscould also be PDA and mobile de-
vices,andXMIDDLE couldautomaticallyhandletheproblemsre-
latedto mobility. In addition,sinceagentscandirectly manipulate
the XML tree (while in MARS this manipulationoccurredin the
form of Javatuple objects) XMIDDLE canfacilitateagentdn di-
rectly reportingback XML data. However, XMIDDLE hasonly a
limited form of programmabilityof the XML tree, devotedto the
handlingof connectiorevents. This malesit difficult to implement
in termsof transparentoordinationpoliciesary complex coordi-
nationpattern,which includethe onerequiredto withdraw partial
amountof moneg from differentaccount.ln XMIDDLE, this co-
ordinationpatterrhasto bedirectlyimplementedy theagenicode.

3.3.4 OtherAppradces
Therearesomeotherapproachefor XML Middleware.Mostpromi-
nently, thisis thecurrentXML Protocolactiity by theWorld Wide
Webconsortium([24]). XML Protocolis anapproactto follow up
on SOAP and XML-RPC in orderto have distributed peerscom-
municateby using XML asthe communicatiodanguage.For the
communicationramongstobjects,for example, this boils down to
represena methodinvocationwith nameandparameterén a sim-
ple XML document. The XML Protocolapproachoffers only a
low-level abstractiorfor coordinationand currently supportsonly
client/serer style interactions. It is unclearwhetherthis actiity
will aim atproviding sucha higherlevel model,or putsthetechni-
calintegrationof several existing solutionsinto its center

3.4 Self-containedXML Middleware

XML is a standardor representinglatain networked documents.
However, asseenn theprevioussubsectionthespecificatiorof ac-
tivity canalsobe expressedisadocumentThus,if scriptsetc.can
be XML documentsa completesystemcanbebasedn XML rep-
resentatiorandeven activity andits coordinationcanbe expressed
within that framewvork. Thus,the agentsare represente@ssome
XML documentsaswell asthe datathey operateon andthe laws
ruling their coordinationactiities. The main effect of this self-
containments the uniformity of the languageused- for program-
ming onedoesnot have to switchto anexternallanguagdik e Java.

3.4.1 WorkSpaces

WorkSpaceg[20]) combinesworkflow conceptswith standardn-
ternettechnology The documentsnvolved in the workflow are
assumedo use applicationspecificmarkuplanguagesxpressed
in XML. A workflow is composedf stepswhich arerepresented

WorkSpaces
engine

XML
document
4:

XML

document’
description
step
XN document
step

description [0 XML

document

XMLSpaces XML
document

Figure5: Accessto documentsin WorkSpaces

step

asXSL rulesthatareexecutedby an extendedXSL processaqrthe
WorkSpace®ngine. It readssucha step,triesretrieve the respec-
tive inputdocumentindto applytransformation®nthe matchthat
generatehe outputdocument.The mediumusedto storeall XML
documentss XMLSpacesdescribedin section3.3.1. Figure 5
shaws theflow of XML documentsn the system.

Thereare several classeof steps. Automaticstepsare pure doc-
umenttransformationsandrequireonly activity of sometransfor
mation componentwithin the system. External stepsinvolve ap-
plicationsthattake adocumentsinput, let the userperformsome
activity on it, and generatean output document. User stepsare
performedby a userwithout ary supportby a system.Coordina-
tion stepsonly coordinatethe flow of work. Workflow procedures
describetemporaland causaldependencieamongactiities rep-
resenteds steps. The managemenotf thesedependenciess the
centralissuefor ary workflow system.

Stepsare not specifiedindividually. The whole workflow is rep-
resentedas a graphof stepsusing the WorkSpacesCoordination
Languaye, WSCL.WSCL s, again,anXML languageanis based
on the Workflow ProcesdDescriptionLanguageasdefinedby the
WIMC in thelnterfacel of the ReferenceModel ([23]).



In ametastep a setof individual stepsis generatedrom this pro-
cessdescription.While the workflow graphcanbe consideredhe
“program” written in a higher level language the executionof a
workflow is the executionof individual stepswhich resemblein-
structions”in microprocessorsthe“compilation” is performedoy
metastepsin WorkSpacesXSL rule setsareby definitionrepre-
sentedas XML documentdollowing a syntaxdefinedin the XSL
standardThus,the compilationof thegraphinto stepss thetrans-
formationof one XML documentinto a setof XML documents,
eachcontainingan XSL rule for onestep.

Theuniquedistinctionof this approactfrom otherworkflow man-

agementsystemswith proprietaryworkflow enginesis universal

accessibilityandeaseof deploymentdueto Internetstandardsand

supportfor distribution anduncoupledoperationdueto coordina-

tion technology It alsoshaws the power of XML and XSL asa

fundamentfor a complex application,and enjoys characteristics
suchasuniversalaccessnddistributedexecution thusbeingmuch

moreadwancedthantodayssener-centricWeb-services.

The casestudyabove would beimplementedn WorkSpacessa
workflow. The documentsonsideredvould representherespec-
tive accountsn someXML-grammatr justaswith the XMLSpaces
casestudy Thecoordinatocomponenthowvever, wouldbe“imple-

mented”by a seriesof stepsthataccesghe accountdy matching
the accountdocumentsn a suitedmannerand by the selectionof

oneof threebranchesn asocalledSPLIT-step(whichis a coordi-
nationstep)of theworkflow dependingon the currentbalances.

3.4.2 OtherAppmadces

There are not mary fully XML-integratedmiddlevaressuch as
WorkSpaces. With somelimitations, one could considerXML-
basedscripting languagesas middlevare. Currently two script-
ing languagesvith boththe scriptandthe datamanipulatedepre-
sentecasXML areoffered: XSL by the World Wide Web Consor
tium ([25]) andXML Script([9]). While XSL is a transformation
languagefor XML treeswith strongdeclaratve influences XML
Scriptis a rathertraditional imperatie scripting language. Both
take an XML documentasinput andgenerateanoutputdocument
asthe resultof the computation. However, both offer no support
for coordinatingmultiple activities. Thus,their middlevareservice
capabilitiesaremostlimited.

TheAgentDefinition FormatADF ([14]) is slightly morepowerful.

It offersaway to specifyagentsn a XML representationAgents
have their own stateandcoordinatewith othersusingcall encoded
into agentreferencesn URLs. The underlyingmodelof coordi-

nationis againclient/serer. Also, the coordinationbehaior of

documentagentds mixed with their computationabehaior, thus
providing no separatiorbetweercomputatiorandcoordination.

3.5 Discussion

The above analysishasidentified the main featuresand limita-
tions — of several middleware systemsfor XML-centric applica-
tions. Theresultsof theanalysiscanbe summarizedsfollows:

e Displetsis the most suitablesystemfor the definition and
implementatiorof documentgentapplicationsijn thatit en-
ableto embedbehaior in XML documentsandenablethis
behaiors to directly manipulatethe XML datathey repre-
sent.Unfortunatelythedispletapproachs too staticto meet
theneedof opencoordinatedapplicationsin thatit doesnot

enabledynamic definition of coordinationpatterns,which
have to be staticallyhardwiredinto documents.

o MARS-X is very suitedfor complec coordinationpatterngo
bedefined evendynamically in theacces@ndmanipulation
of sharedXML document®y mobileagentsHowever, it re-
strictstheapplicationto useJava agentsandtherefordimits
the possibility of defining coordinabledocumentagentsdi-
rectly manipulatingXML data.

o XMIDDLE is moresuitablefor documentgentsandits ar
chitectureseemsvery suitablefor mobility, but the possibil-
ity of definingsuitablecoordinationawsis very limited.

o WorkSpacegrovides more uniformity, by exploiting XML
both at the level of applicationagentsand at the coordina-
tion level: XML documentagentsexecutein the contet of
acommonXMLSpaceswherealsothe definition of the co-
ordination patterns(i.e., of the workflow rules) can be ex-
pressedn terms XML documents. Still, Workspacelacks
explicit supportfor mobility and— beingmainly orientedto
workflow applications- maynotbe general-purpostor ary
kind of application.

Theideal scenariowe ervision is the onein which a suitablemid-

dleware is available integrating the bestfeaturesof all the sys-
temsanalyzedn this paper Theseincludethe capabilitiesof: di-

rectly handling,at the applicationlevel, the activities XML docu-
mentagentsasin Displets;makingcoordinatioractiities occurin

termsof manipulationof (portionsof) sharedXML documentsas
in MARS-X, XMIDDLE, andXMLSpaces;beingflexible to sup-
portuserdefinedXML grammarsndrelationsamongsthemasin

XMLSpaces;effectively handlingmobility and associatedssues,
asin XMIDDLE; enablingthe ruling the coordinationactities
betweenapplication-l@el documentagentsin a dynamicway, as
in MARS-X; expressingnot only documentagentshehaior but
alsothe laws ruling their coordinationactuities in term of XML

document&ndXML rules,asin WorkSpaces.

4. OPEN RESEARCH DIRECTIONS

In additionto the needof defininga suitablecoordinationmiddle-
ware, as from subsectior3.5, there are several other issuesthat,
in our opinion, needto find suitablesolutionfor XML document
agentapplicationto be effectively engineereé@nddeveloped.

First of all, thereis the needto definenew computationamodels,
ableto take into accountandsomehav formally analyseproperties
of coordinatedapplicationsbasedon XML documentagents. A
promising approachin that directionis representedy the work
of Luca Cardellion semi-structuredomputation([6]). The basic
intuition is thatnot only manipulationof XML documentganbe
representedn termsof a few basictree transformationbut also
theexecutionof amobilecomputatiorcanbe modeledasthat,thus
leadingto auniformmodelof XML documentgentsomputations
in amobilesetting.

The presencef mobility, in general requiresfacingotherimpor-
tantissuedo enableandengineere@pproactto applicationdesign
anddevelopment.Onetheonehand,thereis needof clarifying the
differencesand the similarities betweenlogical mobility of soft-
ware component@and physicalmobility of devices([17]). Onthe
other hand, the conceptof “context”, intrinsic in mobility, must



be properly explored andits impactin modelingcoordinationac-
tivities must be clarified, and possiblytaken into accountin the
definitionof a suitablemiddlevare ([4]).

A furtherpromisingresearchssuerelatego thefactthat,moreand
more, Web-basedpplications— and so documentagentapplica-
tions — tendto resemble in their architecture humanand social
organizations.This is mainly dueto the factthat (i) often, appli-
cationssupportthe actvities of somereal-world organizationsand
mimic themaccordingly;(ii) autonomyof applicationcomponents
invites consideringthem in termsof individuals playing specific
rolesin anensembleatherthemin termsof componentgroviding
functionalities. Therefore thosesoftware engineeringapproaches
exploiting the researclresultsof organizationamanagementay
provide, in the nearfuture, effective methodologiedor the design
and developmentof Web-basedlocumentagentapplicationsand
of coordinationmiddlevare([26]).

As a final note, we think that the dramaticincreaseof embed-
ded computefbasedand software componentsgrvisioning a fu-
ture whereuncountablemultitudesof interconnectecutonomous
andmobile componentsvill bealwaysexecutingandinteractwith
eachother will challengemostof todays approacheso software
developmentaswell astoday’s modelof coordinationandassoci-
atedmiddlevare([19, 21]).

5. CONCLUSIONS

XML asa suitabletechnologyfor representingiot only databut
alsocomputationsleadingto theconcepbf XML documentgents.
However, for complex applicationsto be developedin terms of
XML documentagents,suitablemiddlievare is neededto enable
andrule the coordinationactiities of applicationcomponents.

This paperhasanalyzedseveral middlevare systemshat, to dif-
ferentextentsandwith differentarchitecturabkolutionsaim at pro-
viding a coordinationframework for a world of XML document
agents. The analysis,performedwith the help of a simple case
study hasoutlinedthe main featuresandlimitations of thesesys-
tems,andhaspermittedusto sketchtherequirement$or an“ideal”
coordinationmiddlevarefor XML documentgents.

Our currentresearchocusdealswith understandindnov to make

the identifiedideal middlevare an implementedsystem,although
thesemayrequirefacingfurtherdesignandimplementatiorissues
suchasthe onerelatedto the propermodelingandhandlingof mo-

bility ([6, 17]) andopennes$[26]) andto theeffective engineering
very-laige scaleandembeddedpplicationg[19]).
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